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Introduction: Conclusive demonstration of bio-

genicity for possible signs of life in Earth rocks older 
than ~3 Gyr is extremely challenging and commonly 
requires that the most advanced analytical techniques 
available to science be applied to samples that are care-
fully prepared in a laboratory setting. Current 
knowledge about the history of Mars suggests that 
planetary habitability would likely have peaked some-
time prior to ~3 Ga, when surface water was abundant 
and persistent relative to younger intervals. The appar-
ent lack of tectonically driven alteration of extremely 
ancient rocks on Mars relative to rocks of similar age 
on Earth may provide a significant advantage for bi-
osignature detection. Nevertheless, it is likely that 
Earth-based analysis of scientifically selected samples 
returned from the surface of Mars will be required to 
conclusively determine whether Mars was once inhab-
ited. Planned capability for coring and caching on the 
proposed NASA Mars2020 mission represents a criti-
cal step forward towards Mars sample return (MSR). 
Recent sample return missions from smaller extrater-
restrial bodies have been remarkably successful, and 
more are planned. Efforts to understand the many chal-
lenges involved with the collection, return, processing, 
and analysis of samples returned from extraterrestrial 
bodies including Mars are thus increasingly relevant. 
With that in mind, we are developing a facility at JPL 
called the Center for Analysis of Returned Samples 
(CARS). 

The mission of CARS is to study the formation, 
preservation, and detection of morphologic, mineralog-
ic, molecular, elemental and isotopic signs of life and 
planetary evolution in geologic materials. We aim to 
develop the techniques, approaches and interpretive 
context required for the successful handling and analy-
sis of scientifically selected samples returned from the 
surface of extraterrestrial bodies including Mars. 

Approach and Facilities:  
Although it may be decades before the first sam-

ples are returned, it is important to ensure scientific 
methods and approaches are well understood in time to 
inform facilities development and analysis planning. 
To that end we are implementing a persistent, concen-
trated, creative, and widely collaborative effort to un-
derstand how to work with what will be among the 
most valuable scientific samples ever collected. 

The development of a dedicated facility to receive 
and conduct the critical first stage of analysis may be a 

distinct mission within the larger MSR effort. We are 
developing CARS with an eye towards understanding 
philosophy, approaches and key capabilities for such a 
mission, and we have begun by assembling subsystems 
that we consider to be fundamental: 1) sample storage 
and curation, 2) clean sample preparation, 3) micros-
copy, 4) geochemical analysis, and 5) data storage and 
distribution (Fig. 1).  

 

 
Fig. 1. The JPL Center for Analysis of Returned Sam-
ples (CARS). Facilities shown include (a) clean sample 
preparation (cutting, rinsing, grinding, polishing, 
crushing), (b) experimental petrology and SIMS sam-
ple preparation, (c) storage, curation, and photography, 
(d) light microscopy, and (e) organic and isotope geo-
chemistry (abcLab). 
 

Sample storage and curation. Locking rock cabi-
nets and a dedicated sample evaluation and photog-
raphy table with lighting have been assembled in a 
room with filtered air handling (Fig. 1c).Sample prepa-
ration. Four deionized water-cooled rock saws ranging 
in size from a large slab saw to a small, low speed saw 
with sub-mm precision, ultrasonic baths, grinding and 
polishing wheels, a jaw crusher, and a shatter box have 
been assembled in a “coarse” preparation facility (Fig. 
1a). Additional polishing plates, additional ultrasonic 
bath, a vacuum oven, a pellet press, and stereo micro-
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scopes have been assembled to facilitate the final stag-
es of sample preparation for spatially resolved, in situ 
geochemical analysis (e.g. with secondary ion mass 
spectrometry; Fig. 1b). 

Microscopy. State-of-the-art transmitted, reflected 
light, and fluorescence microscopes designed for pe-
trography and  micropaleontology have been assem-
bled and include capabilities for advanced imaging 
techniques including automated acquisition of mosaics 
and z-stacks (Fig. 1d-2). A field emission, environ-
mental scanning electron microscope operated by 
CARS permits imaging of precious samples with 10-8 
m spatial resolution and elemental analysis with energy 
dispersive spectroscopy without surface coating. 

Organic and isotope geochemistry. The JPL Astro-
biogeochemistry Laboratory (abcLab; Fig. 1e) pro-
vides analytical geochemistry capabilities for CARS. 
The abcLab features wet chemistry facilities for the 
extraction and separation of organic molecules and 
sulfur species as well as acid digestion. The lab fea-
tures a unique, integrated gas chromatography-mass 
spectrometry-isotope ratio mass spectrometry (GC-
MS-irMS) system capable of simultaneous structural 
identification and compound specific carbon, hydro-
gen, or nitrogen isotope analysis of organic molecules. 
Combustion (elemental analysis, EA) and thermal con-
version (TC/EA) interfaces are available for bulk car-
bon, nitrogen, sulfur, hydrogen, and oxygen isotope 
analysis. We are currently assembling a vacuum line to 
remove adsorbed water from hydrated mineral samples 
to facilitate oxygen and hydrogen isotope analyses of 
structural water and a cryofocusing system to permit 
carbon and nitrogen isotope analysis at nanomolar lev-
els (e.g. of individual, organic-walled microfossils). 

Initial Results: Our primary focus to this point has 
been on assembling these facilities and a team of tal-
ented scientists to operate them, but we have also be-
gun to achieve some excellent scientific results.  

Microscopy. In the CARS microscopy lab, we have 
been developing novel imaging acquisition and distri-
bution techniques that leverage our automated mosaic 
and z-stack imaging capabilities and free distribution 
platform offered by Gigapan Systems. An example is 
available at the following URL: 
http://www.gigapan.com/gigapans/152661, and a re-
duced image is shown in Fig. 2. 

Geochemistry. Our initial projects in the abcLab 
include measuring the carbon isotopic composition of 
small (mg-mass) samples of Precambrian carbona-
ceous (or “black”) cherts with  low (sub-µmol) organic 
carbon content. With repeated analysis of isotopic ref-
erence materials to control for linearity we have 
demonstrated analytical precision and accuracy that 

rivals typical bulk techniques applied to much larger 
samples (±0.3‰, 2SD for δ13C).  

We have focused on secondary ion mass spectrom-
etry (SIMS) as a tool for stable isotope analysis made 
in petrographic context, and we continue to develop 
our capacity to detect signatures of ancient life (e.g. 
isotopic signatures of metabolism in individual micro-
bial fossils) and planetary evolution (e.g. isotope ef-
fects related to the interaction of planetary interiors 
and atmospheres preserved in martian meteorites) in 
geologic samples. 

 

 
Fig. 2. Transmitted light mosaic showing stromatolites, 
ooids, and microbial fossils in the 1.9 Ga Gunflint Fm. 
High-res (1.4 gigapixel) image available via Gigapan. 
 

 
Fig. 3. Analytical pits from SIMS volatile analysis of 
impact melt glass in the martian meteorite Tissint, 
conducted at the Caltech Microanalysis Center. 
 

Outlook: MSR presents some of the greatest scien-
tific and technical challenges in the history of human 
endeavor, and it has extraordinary potential to inspire 
the next generation of scientists and engineers, and 
society-at-large, thereby protecting the future of plane-
tary science. Through CARS we hope to establish a 
persistent platform from which to do broadly collabo-
rative “sample return science” in pursuit of these goals. 
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