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Introduction:  Mars Sample Return will util-

ize laboratory instruments to investigate Mars 
samples from known locations with precisions not 
obtainable with in-situ instruments on Mars.  
However, given the return sample limitations, it is 
imperative that the most revealing samples are 
returned. Sample caches on MSL and/or ExoMars 
are planned to be used for collecting desirable 
samples. If MSR does not pick up these caches, 
some analytical instrumentation will be required 
to determine the best samples to return. This in-
strument or instrument suite should minimally 
provide elemental abundances including those of 
astrobiological importance (e.g., H, C, N, O) and 
mineral identification. However, in-situ instru-
ments should be minimized to avoid complexity 
and cost increases to MSR. For this reason, a sin-
gle instrument with widely ranging capabilities 
and minimal sample handling/processing needs 
would be the best option. Here we suggest 
ChemCam or a ChemCam-like instrument as the 
best option. 

ChemCam is an active remote sensing in-
strument suite being built for MSL [1,2]. It uses 
laser pulses to remove dust and to profile through 
weathering coatings of rocks up to 9 m away.  
Laser-induced breakdown spectroscopy (LIBS) 
obtains emission spectra of materials ablated from 
the samples in electronically excited states over 
an analysis spot < 1 mm in diameter at the focal 
point of the incident laser beam.  A great advan-
tage of LIBS is its sensitivity to H, C, N, O, Li, 
Be, and B as well as the heavier elements.  The 
light elements are critically important to searching 
for samples of astrobiological interest, and are not 
detected by most in-situ techniques.  LIBS analy-
ses are rapid, requiring only several minutes to 
point at the target, focus, and shoot. ChemCam 
also includes a remote micro-imager (RMI) to 
provide context images of the target. The RMI 
has a  field of view of 20 mrad (20 cm @ 10 m) 
and a resolution of ~80 μrad (< 1 mm @ 10 m). 

A key feature in suggesting ChemCam as the 
instrument to enable Mars Sample Return is its 
versatility. The small analysis footprint allows 
ChemCam to act as a contact instrument when 
samples are within the workspace of the rover’s 
sample arm. Because of this, the MSL mission 
planning calls for ChemCam to operate during 
drive sols, remote sensing sols, and during contact 
sols. Another important feature is the combined 
imaging and chemical analyses. The RMI resolu-
tion is more than an order of magnitude better 
than that of PanCam, and is within a factor of 
three of the Microscopic Imager. At this resolu-
tion, the microscopic texture of the rocks becomes 
visible.  

 ChemCam is a collaboration between NASA 
and CNES. ChemCam’s cost to NASA is under 
$9M, a small fraction of the cost of many instru-
ments. 
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