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Sample Selection:  Observations during the recent  

exploration of the martian surface (Mars Exploration 
Rovers and Phoenix lander) demonstrated that the sur-
face materials are spatially heterogeneous at a very 
local scale [1, 2,] (Figure 1a & 1b).  With severe limi-
tation on total mass of samples for return, careful se-
lection of the spot (on rock or in regolith) where the 
sample will be taken is absolutely essential, i.e., select-
ing a few shining needles from several hay stacks at a 
few representative locations.   

 
Fig. 1a. Mazatzal rock in Gusev 
crater after RAT. Light-tones mate-
rials are shown in the vein across 
the RAT hole and in clusters. 

Fig. 1b. Decorrelation stretch of a 
Pancam image cube to emphasize 
the spatial heterogeneity of salty 
soils at Dead Sea area in Gusev.  

Sample selection should be based on knowledge of 
the chemistry and mineralogy (and potential for bio-
signatures for MSR) of the sampling spots. The tech-
nical tools that inform the sample selection should be 
non-destructive.  

Sample status monitoring: Similar observations 
(MER and Phoenix) have also demonstrated that sub-
surface materials are not necessarily in equilibrium 
with the current surface atmospheric conditions.  For 
example, dehydration occurred after the excavation of 
sulfate-rich subsurface regolith at Gusev [3]. Phase 
transitions may also occur during the transit to Earth 
(including the materials that may host biosignatures). 
Laboratory simulation experiments confirm the poten-
tial for phase transitions under conditions relevant to 
handling of planetary subsurface materials (especially 
the secondary mineral phases [4, 5, 6, 7, 8]).  

To understand potential changes that may occur be-
tween the in-situ characterization of the collected sam-
ples and later terrestrial laboratory investigations, it is 
desirable to have a means to monitor the integrity and 
status of collected samples at several critical stages 
during the long chain of their collection, storage, in 
transit to Earth, and prior to opening containers [Fig. 
2, at minimum, after the first and before the last stag-
es].  

The technical tools for such monitoring should be 
nondestructive, and, especially, to be non-invasive, 
i.e., should not break the seals of sample containers. 

Planetary in situ Laser Raman Spectroscopy is a 
molecular spectroscopy working in the visible spectral 
range. It provides identification and characterization of 
molecules (organic and inorganic) or solid materials 
(minerals and amorphous). The method is non-
destructive,  molecular vibrations (not vaporization) is 
used. It is also non-invasive, the excitation laser beam 
and the induced Raman photons both penetrate 
through an optically transparent window on a sample 
container.   

The flight model, Mars Microbeam Raman Spec-
trometer (MMRS), has high TRL and was ranked cate-
gory one during the MSL payload review. It is an in 
situ Raman sensor deployed by robotic arm, and will 
make mineralogy (or molecular) characterization of the 
samples at mm to cm scale. Its detailed application for 
the sample selection at the planetary surface and for 
the monitoring of the sample status during its journey 
back to Earth will be discussed at the workshop.   
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Figure 2. critical stages through a three steps Mars’ sample return 

mission (time duration and affecting factors). 
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