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Introduction: The Mars Astrobiology Explorer-

Cacher (MAX-C) is envisioned as a potential mission 
to the surface of Mars in 2018 to explore a formerly 
habitable environment and to collect samples for po-
tential return to Earth by a subsequent mission. This 
mission concept is an integral part of an effective strat-
egy to search for evidence of past life or prebiotic 
chemistry.  Here we discuss the rationale for combin-
ing these two functionalities into one mission and 
thereby to conduct a rover-based science mission as 
the first element of a potential multi-mission sample 
return campaign. We also discuss the recommended 
measurement capabilities and landing site selection 
process for the MAX-C mission concept, and the po-
tential impacts of discoveries made by missions such 
as Mars Science Laboratory (MSL). 

Science rationale for MAX-C: Answering the 
“life question” (“Are we alone?”) has become one of 
the most important strategic drivers for the Mars Ex-
ploration Program (MEP). Accordingly the Mars Ex-
ploration Program Analysis Group (MEPAG) recently 
adopted "Seek Signs of Life" as its next broad strategy 
(Fig. 1). Recent missions have revealed diverse evi-
dence of water activity, indicating that Mars has possi-
bly been a habitat for life. Ongoing orbital missions 
continue to expand an already-rich orbital data set, and 
recent landed missions have validated our ability to 
extrapolate orbital measurements to surface character-
istics. Future missions such as MSL will evaluate the 
habitability potential of additional high-priority sites. 
Therefore, we are scientifically well-positioned to plan 
more ambitious next steps – to explore Mars with the 
primary objective to search for evidence of life.  

Figure 1: Sequence of Mars Exploration Program 
themes since 1994 [4]. 

Sample return is considered an essential component 
of the search for life on Mars because terrestrial labo-
ratory analyses are probably essential to achieve a de-
finitive assessment of any potential biosignatures [1]. 
Moreover, the detection in situ of certain important 
kinds of biosignatures such as microfossils is unlikely 
and therefore would require returned samples. Con-
versely, the unprecedented cost and risk of a sample 
return effort would demand that it must also return 
unprecedented scientific value. Thus, there is a broad 
consensus that that the most important scientific objec-
tives of a potential sample return mission should ad-
dress the “life question” [2, 3, 4], in addition to ad-
dressing other high-priority science questions. How-
ever, in order to select optimal suites of samples and to 
gather sufficient contextual information to enable in-
terpretation of sample data – particularly with a view 
to seeking potential biosignatures – a scientifically 
robust set of in situ science measurements would be 
required as the first step.  

Accordingly, an in situ science mission would carry 
out a critically important field geology investigation to 
enable interpretation of palaeoenvironmental condi-
tions and processes favorable for nurturing life and 
preserving biosignatures. This would, in turn, allow the 
samples to be selected intelligently and also provide a 
rich environmental context for interpreting subsequent 
analyses of these samples in Earth-based laboratories.  

If we recognize that sample return should begin at a 
site that has been characterized by a ‘field geology’ 
rover, this recognition provides an impetus for the pro-
posed MAX-C mission, as well as a basis for determin-
ing the mission’s landing site and science payload. 

Mission implementation - measurement capa-
bilities, landing sites and the potential influence of 
prior missions:  

Measurement capabilities. The MAX-C ‘field ge-
ology’ rover should build upon the successes of prior 
landed missions (e.g., MER) and also incorporate new 
technologies to pursue new life-related objectives. The 
strategy for MAX-C contrasts with the onboard “ana-
lytical laboratory” approach emphasized by MSL. We 
envision the following measurement capabilities for 
MAX-C: 
* Mast- or body-mounted instruments capable of estab-
lishing local geologic context and identifying targets 
for close-up investigation.  This could consist of an 
optical camera and an instrument to remotely deter-
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mine mineralogy.  Documentation of the field context 
of the landing site would include mapping outcrops 
and other accessible rocks, characterization of miner-
alogy and geochemistry, and interpretation of paleoen-
vironments. 
* A tool to produce a flat abraded surface on rock 
samples. 
* A set of arm-mounted instruments capable of inter-
rogating abraded surfaces by creating coregistered 2-D 
maps of visual texture, major element geochemistry, 
mineralogy, and organic geochemistry.  This informa-
tion would be used to understand the diversity of the 
samples at the landing site, to formulate hypotheses for 
the origin of that diversity, and to seek candidate signs 
of past life preserved in the geologic record.  This in-
formation could also be used to select an outstanding 
set of rock core samples for potential return to Earth. 

For sample return, the rover should conduct geo-
logic traverses and collect diverse “suites” of rock, 
soil, etc. samples that address mission objectives. A 
well-collected suite of samples would be one that rep-
resents the range of natural variability of a key martian 
geologic or environmental process [6]. The rock core 
acquisition, encapsulation, and caching system should 
meet the standards specified by the MEPAG Next 
Decade Science Analysis Group [6].  The cache would 
be left either on the ground or on the rover, where a 
potential future sample return mission could retrieve it.   

Landing sites. Recent discoveries have revealed 
many different types of sites that were (or are) poten-
tially habitable and which might preserve evidence of 
life [7]. Each type must be evaluated further for its 
potential value as a site. Examples of orbital obser-
vations that might compel the selection of a landing 
site include the following: geomorphologic features 
indicating aqueous transport and sedimentation, miner-
als indicating extended aqueous activity, evidence of a 
hydrothermal system, and diverse or abundant deposits 
favorable for habitability or preservation of biosigna-
tures (e.g., phyllosilicates, silica, carbonates, sulfates, 
or minerals indicating reducing conditions).  Examples 
of promising observations by a lander include the fol-
lowing: minerals formed in liquid water, the presence 
of organic matter, sedimentary fabrics resembling 
those produced by microbial communities, or evidence 
of early mineralization, reducing environments or other 
conditions favoring biosignature preservation [8].  

An important consideration for planning purposes 
is whether the rover science capabilities could be re-
duced if MAX-C returns to a previously explored site, 
relative to the payload that would be required to ex-
plore a new site. We concluded that that the same pay-
load would be required in order to mitigate the risk of 

not being able to reoccupy exact locations that were 
characterized by the previous (MER or MSL) mission 
[4]. A fully-equipped MAX-C would be able to inde-
pendently characterize the sample acquisition sites, and 
would also provide important measurements in addi-
tion to those made by MSL or MER. 

An ongoing program of orbital observations and an 
open MAX-C landing site competition that would in-
clude the MSL and other previously-visited sites would 
provide the MEP with its first opportunity to select a 
site using criteria focused on sample return science, 
including the search for traces of life or prebiotic 
chemistry. 
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MAX-C Payload Concept
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Figure 2: MAX-C payload concept for caching and for 
instruments on the mast, arm and rover body [4]. 
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