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INTRODUCTION*

Significant discoveries and landmark technical @azéments with recent orbiting and
landed missions have overturned the image of Maesfarbidding red planet lacking resources
to sustain life as we know it. Landscapes cutuiliies and channels, spectral maps of
sedimentary minerals, detection of water in surfdggosits, shallow-radar images of cyclically
layered polar deposits, and plumes of atmosphegihame are all part of the emerging picture of
Mars as a dynamic and habitable planet. The sdargreserved evidence of life is now the
keystone concept for a new generation of Mars oeapable of exploring, sampling, and
caching suites of rocks. Drawing on the reconiaaiss heritage of Spirit and Opportunity and
the extraordinary analytical instrument suite & Mars Science Laboratory (MSL), the
proposed rover mission would target landing sitél the highest potential for preservation of
biomarkers in the forms of minerals, organic molesuand sedimentary features.

The purpose of this white paper is to describetarg@l rover mission that could be
launched in 2018. This mission was first envistbbg the MAPG team (McCleese et al. 2006;
Beaty et al. 2006), and the possible strategic mapoe of this mission was subsequently refined
by the MEPAG MSS-SAG team (Murchie et al. 2008) Hr@lMATT team (Christensen et al.,
2008, 2009). The authors of this report were etably MEPAG to produce a much more
refined definition of this mission concept. Basgdprogrammatic and engineering
considerations as of April, 2009, we have assurhatithe mission would use the MSL sky
crane landing system, would include a single sp@asered rover, would have a targeting
accuracy of ~ 7 km (semi-major axis landing elljpsed would have a mobility range of at least
10 km. In addition, it would have a lifetime aetimartian surface greater than one Earth year,
and both cost and cost risk that would be lowen thase of MSL. The proposed mission is
conceived to address two general objectives: attrtdgh-priorityin situ science and make
concrete steps towards the potential future rattisamples to Earth. The proposed means of
achieving these two primary goals while balancimgtrade-offs between them are described in
detail in MRR-SAG (2009), and are summarized is thihite paper. We propose the name Mars
Astrobiology Explorer-Cacher (MAX-C) to best reflehe dual purpose of the potential mission.

POTENTIAL CONTRIBUTIONS OF THE PROPOSED MAX-C ROVER MISSION TO THE /N S TU

EXPLORATION OF MARS

The Mars Exploration Program Analysis Group (MEPAG)ively maintains a

prioritized, consensus-based list of broad scienibjectives that could be achieved using the
on-going flight program (MEPAG, 2008). The firshang equals of these objectives is to
determine whether life ever arose on Mars. Seagchar signs of life on another planetary body
requires a detailed understanding of the diverditfe as well as the environmental limits and
evolutionary adaptations of life for different piga and chemical settings on Earth.
Exploration for life on Mars requires a broad ursl@nding of integrated planetary processes in
order to identify those locations where habitalmeditions are most likely to exist today or to
have existed in the past and where conditions laveece favorable for preservation of the
evidence of life if it ever existed. Such an agmtowould require investigation of the following
in addition to life detection:

e The geological and geophysical evolution of Mars,

! All acronyms used in this document are defined@orhpiled Bibliographic Citations and Acronym Glasstor
the Mars-Related White Papers Submitted to the NFRGinetary Decadal Survey”, which may be accessed
http://mepag.jpl.nasa.gov/decadal/index.html
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The history of Mars' volatiles and climate,

The nature of the surface and subsurface envirotsnen

The temporal and geographic distribution of liquidter, and

The availability of other resources (e.g., energgessary for life.

Over most of the last decade, the Mars Explora®mygram has pursued a strategy of
“follow the water” (formally introduced in 2000; s@locumentation in MEPAG, 2008). While
this strategy has been highly successful in thesMassions of 1996-2007 (MPF, MGS, ODY,
MER, MEX, MRO, and PHX), it is increasingly appraed that assessing the full
astrobiological potential of martian environmerggquires going beyond the identification of
locations where liquid water was present (e.g.,|IKarad Grotzinger, 2006). Thus, in order to
seek signs of past or present life on Mars, ieisassary to characterize more comprehensively
the macroscopic and microscopic fabric of sedimgmaaterials, identify the presence of
organic molecules, reconstruct the history of nah&rmation as an indicator of preservation
potential and geochemical environments, and deberispecific mineral compositions as
indicators of oxidized organic materials or coupledox reactions characteristic of life. This
type of information would be critical in identifygnand caching relevant samples intended for
study in sophisticated laboratories on Earth.

With the above context, we considered and debatedad range of specific possible
ways to advance towards the above long-range seigoals. Three related possible mission
concepts emerged as highest priority: (1) Earlydiaan (> 4 Ga) Astrobiology addresses early
planetary evolution and crustal composition dutimg critical time when climatic conditions and
processes such as a magnetic field and impactriogeotentially enabled prebiotic conditions
leading to life; (2) Noachian-Hesperian Stratignapddresses whether life arose and, if so, how
it was affected by changes in surface conditiomsndua global decline in erosion, agueous
weathering, fluvial activity, and magnetic fieldyda(3) Astrobiological Exploration of a New
Terrane seeks to broaden the diversity of explastbbiology-relevant environments by
visiting a site that is both promising and quaiitaly distinct from previously visited sites.

After considering the measurements and the in\vatsbig strategies necessary for each of
these kinds of exploration targets, we concluded alrover with the same general capabilities
would be capable of exploring a wide range of lagdiites of relevance to all of them. Each of
these three lines of scientific inquiry relate strabiology, they all entail understanding paleo-
environmental conditions, understanding preseragtimtential would be important for all of
them, and they all are of interest for assessirggipte evidence of past life and/or pre-biotic
chemistry. This single general mission implemeoitetvould allow the Mars Exploration
Program to respond to discoveries over the nexraéyears in any of the above areas with the
distinction between these scenarios resolved amdithg site competition.

On Earth, minerals differ in their effectivenessagents of preservation. Phyllosilicates
are often associated with organic accumulation ,(&Egnnedy, et al., 2002; Wattel-Koekkoek et
al., 2003), but they are less effective for preisgrvnorphological fossils. In contrast,
precipitated minerals, such as silica, sulfated,@rbonates, can preserve diverse types of
biosignatures, but the specific setting in whices minerals originally formed also has a
substantial impact upon the preservation of kegenie. Efforts by orbiter missions, MER, and
MSL to map the distribution of such minerals atieas spatial scales will influence substantially
the way they are viewed as indicators of aqueotigitgcand habitability and also as
preservation media for biosignatures.
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Implementing the above objective would requirenptetation of the origin and
subsequent modification of rocks with as-yet unknewneral composition, macro-scale
structure, and degree of heterogeneity. Giveretbheknowns, it is challenging to specify the
critical measurements required by a rover missiBalevant experience from studies of ancient
terrestrial strata, martian meteorites, and fronRMidicates that the proposed rover’'s
interpretive capability should include: meter tdsullimeter texture (optical imaging), mineral
identification, major element contents, and organadecular composition.

For three primary reasons, we propose that theune@&nt strategy focus on
interrogation of surfaces: 1). We know from thsuies of MER that a variety of microscopic
textures are present on Mars (Herkenhoff et al420006; 2008); 2). We know that surface
analysis techniques have significantly lower cost ask in comparison to acquiring rock chips
or powders (comparative experience from MER and M3&hd 3). A number of suitable
instruments are either already developed or areruthelvelopment (at least Technology
Readiness Level-3) in each of these four areagifteeh(MRR-SAG, 2009 for references). This
class of instruments makes use of a relatively simabraded rock surface, such as is produced
by the Rock Abrasion Tool (RAT) grinder on MER (®wan et al., 2003).

For measurements of mineralogy and chemistry,unsnts used to directly interrogate
smoothed rock surfaces typically cannot match ttayéical accuracy and precision attained by
instruments that ingest samples. However, the glaaity is sufficient to meet key science
objectives, and the ability of such instrumentsharacterize intact outcrops offers substantial
advantages. Although in the past we have usedumsnts that average the analytic data over
an area at least centimeters in size (e.g. Chseteat al., 2004; Morris et al., 2006; Gellertlgt a
2006), with newer instrumentation spatial resolutiimwn to scales of 10s of microns is readily
achievable (see e.g Wang et al., 2003; Ohzawa,; Bl8tia et al. 2008). Some instruments
can produce data in a 2-D scanning mode, whichdavbelexceptionally powerful. If
observations of texture, mineral identification,jona@lement content, and organic materials are
spatially co-registered, they can interact synéiggily to strengthen the ultimate interpretations.
This 2-D micro-mapping approach is judged to haaigularly high value for evaluating
potential signs of ancient microbial life, whichedikely to be manifested at relatively small
scale. We conclude that the 2-D micro-mappingshgation approach is an excellent
complement to the data anticipated from MSL, whidglhhave higher analytical precision but
lower spatial resolution.

If it were possible for the proposed rover misdioimclude additional instruments, they
could support astrobiological objectives by measyrxiolatile constituents and light stable
isotopes, potentially including elements in additio C in organic materials. We have
additionally recognized several possible high-ptyosecondary payloads, including atmospheric
monitoring instruments (the most important of whigla pressure sensor, Rafkin et al., 2009),
and a magnetometer (see Weiss et al. 2008).

POTENTIAL CONTRIBUTIONS OF THE PROPOSED M AX-C ROVER MISSION TO A POSSIBLE
FUTURE SAMPLE RETURN
Returning samples from Mars is essential to medtiagMars Exploration Program’s
highest priority scientific objectives (NRC, 200ND-SAG, 2008; IMARS, 2008; MRR-SAG,
2009; Borg et al., 2009; MEPAG, 2009; and refersrtberein). A sample return campaign
would entail comparatively high cost and scientifek, so in comparison to other mission
approaches, it must also deliver unprecedenteckvdhluorder to address the kinds of scientific
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guestions that are highest priority, we would nebdt we refer to as “outstanding samples.”

We agree with the position (most recently summadrizg NRC, 2007) that there is no such thing

as “the right sample” and that delaying a potemi8R campaign until one is discovered is

illogical. However, even though any sample retdrfiem Mars would be useful for some line
of scientific inquiry, it is also true that not alhmples would be equally useful for detailed
scientific investigation. Some of our highest ptipquestions could be addressed only with
samples that record the effects of critical marpgascesses. The scientific productivity of
returned-sample investigations would be dependehe effectiveness by which the samples
were selected. This is the concept of “outstandengples,” which undoubtedly exist in many
places on Mars but which could only be identified @ollected with planning and effort.

As our knowledge of the martian surface has in@@athere has been a parallel increase
in the number and nature of sites that are beliévexbntain outstanding samples. The NRC
(2007) recently summarized one set of high intessgbbiology sites. At Mars-related sessions
in major recent conferences (e.g., LPSC, EPSC, AGais-7, EGU), the global Mars science
community has developed multiple additional sitletesd astrobiological hypotheses, the testing
of which could substantially address the life qioest

To date, we have explored six landing sites ombdian surface. Four of these (MPF,
V-1, V-2, and PHX) stimulate only limited interastreturning samples. Although there is
significantly more interest in the kinds of matésithat have been discovered by the rovers Spirit
and Opportunity, and new discoveries could be redeas those missions progress, there is a
widespread feeling amongst the science commurdtylibtter samples (particularly for
addressing the high-priority life-related questjoasist elsewhere on Mars. The landing site
selection competition associated with MSL cleadlygaled a number of sites with excellent
potential (Grant et al., 2008; Golombek et al., 200A key outcome of relevance to a possible
future sample return relates to what MSL discovers.

o If, at the MSL landing site, we do nigcognize a way to put together an outstandingpam
suite, we would want to send a rover to an altersde selected from orbital data and for
which an argument could be made that there isr&ttence or access potential. Such a
rover should be equipped with adequate scientistriumentation to support sample
selection decisions and document sample context.

e If MSL doesdiscover outstanding samples, we would presumahht to send a rover back
to collect them for return. ND-SAG (2008) pointauat that it is theoretically possible for a
sampling rover that revisits a previously exploredte at a well-characterized site to carry
reduced instrumentation (relative to a rover serat hew site). However, this might require
revisiting exact positions, and possibly even dmme RAT holes. At the very least,
sampling would have to take place in a nearby ardahstrably equivalent geological unit.
Because such a pared-down mission would lack tiigyab select or document samples, the
risk of not being able to reoccupy previous sitesild be a critical science vulnerability with
enormous potential consequences to the scienamretde concluded that the consequences
would be too severe to accept this risk.

The same kind of proposed rover, with similar anedy capabilities, would be needed
by a potential future sample return campaign tectedind document its samples, regardless of
whether it would be sent to the MSL site (or aryeotpreviously explored site) or to a new site
selected from orbit.

The potential future return of samples from Marsildaequire delivery to the martian
surface of a rover that could collect samples ahdwae ascent vehicle (referred to as the Mars
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Ascent Vehicle, or MAV) that could lift them intoartian orbit. In all sample return mission
scenarios, an orbiter would also be required). i@, as discussed in more detail by MRR-
SAG (2009), for mass, cost, and/or risk reasongght be either impossible or undesirable to
land the sampling rover and MAV at the same timhkis leads to discussion of the so-called “2-
element” architecture (the sampling rover and tManded together), and the so-called “3-
element” architecture (the sampling rover and tManded on separate flights). The return
orbiter is the remaining mission element.

By far the most important contribution of the prepd rover mission to a potential future
sample return would be the assembly of a returnzdatbe of samples. If this proposed rover
discovers outstanding samples, it would be mostiefft to collect and cache them while the
rover that first identifies them is still activét would be challenging and risky for a mission to
attempt to reoccupy specific sampling sites of anier mission. The assembly of a compelling
cache of samples would by definition place the paogon the pathway of a 3-element Mars
sample return campaign concept.

If the cache created by the proposed MAX-C rovession were recovered by a
subsequent mission that lands the MAV, the complexithat subsequent mission would be
greatly reduced. It would not need to carry oetcbmplex and time-consuming tasks of
identifying and prioritizing candidate samples, @icgg them, and packing them for the return
trip to Earth. This would therefore reduce thet @sl technical risk of that follow-on mission.
This reduction in mass may in turn be a criticatda in keeping a potential future sample return
mission’s landed mass within heritage (MSL) entigscent, and landing capabilities. Even if
the proposed MAX-C cache is not recovered, forr@ason or another, the action of building the
cache would demonstrate and refine the missiorealsampling, encapsulation, and sample
management technologies, which would reduce thenbrar of miracles” needed for a future
MSR.

SUMMARY OF THE PROPOSED MARSASTROBIOLOGY EXPLORER-CACHER (M AX-C) ROVER

MISSION

Summary of Science Vision

Our planning activity over the past five months bascluded that the capabilities needed
for a rover to carry out compelling, break-throwggience at the martian surface are the same as
those needed to select samples for potential figamgple return, and to document their context.
This proposed rover would have the following atités:

e Mast- or body-mounted instruments capable of elstaibh local geologic context, and
that would be capable of identifying and prioritigitargets for close-up investigation.
This could consist of an optical camera and amunsént to remotely determine
mineralogy (the same considerations applied ta#sgn of both MER and MSL).
Documenting the field context of the landing sitewd include mapping outcrops and
other accessible rocks, characterizing mineraloglygeochemistry, and interpreting
paleo-environments.

e Atool to produce a flat abraded surface on rocks.

e A set of arm-mounted instruments capable of ingating the abraded surfaces by
creating co-registered 2-D maps of visual textarajor element geochemistry,
mineralogy, and organic geochemistry. This infation would be used to understand
the diversity of the samples at the landing sdadptmulate hypotheses for the origin of
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that diversity, and to seek candidate signs of lfagpreserved in the geologic record.
This information could also be used to select astanding set of samples.

e A sample acquisition, encapsulation, and cachistesy of the standards specified by
ND-SAG (2008). This cache would be left in a posit(either on the ground or on the
rover) where it could be recovered by a possiierisample return mission. Sending a
future mission to recover the cache would be &afly important program option.

e The scientific value of the MAX-C mission would bignificantly improved with various
“upgrades,” if they could fit within the mass, caombd other mission caps. Possibilities
include simple atmospheric monitoring, an atmosigksurface interactions instrument
package, subsurface sounding, a magnetometer apatbitity to evaluate heteroatomic
constituents of organic materials (such as N, 8,@nto interpret the potential for
preservation of chemical biosignatures distincirfiarebiotic organic materials. Once
the mission constraints are better known, thesenpial upgrades need to be evaluated by
a Science Definition Team.

PROPOSED SUMMARY OBJECTIVE STATEMENT: At a site with high preservation
potential for physical and chemical biosignatures, evaluate paleo-environmental conditions,
characterize the potential for preservation of biosignatures, and access multiple sequences of
geological unitsin a search for evidence of past life and/or prebiotic chemistry. Samples
necessary to achieve the scientific objectives of the proposed future sample return mission
would be collected, documented, and packaged in a manner suitable for potential return to
Earth.

Landing Site Considerations

This mission concept would require access to op&;ravhich in turn are commonly
associated with significant topography. We canson two possible strategies to achieve such
access: 1). Choose aflat landing ellipse adjaimeotitcrops of interest and provide sufficient
mobility to access them (“go-to” capability), or. Bhoose a landing site with
outcrops/topography internal to the landing elljpmad provide for late-stage landing hazard
avoidance. These alternatives need to be workediduseveral other major system tradeoffs.

Mars has many different types of sites that werefe) potentially habitable, might
preserve evidence of life, and therefore might fy@@priate for the pursuit of the proposed
mission scientific objective. Many of these kirafssites are in the Noachian Highlands, a
relatively high-altitude region of Mars that haveebeen explored by a rover. Itis
scientifically very attractive to retain the cagapito explore an ancient Noachian terrane in
search of crucial clues to the early history af bin Earth and the possible parallel origin and
evolution of life on Mars. Retaining this capdlyiimeans that the landing system would need to
be capable of landing at sites as high as +1 kativelto the MOLA reference.

Finally, by the time this mission would fly, therkeely will be additional information on
the spatial and temporal distribution of methand/ans (Mumma et al. 2009). Low-orbit
spectral instruments observing solar occultatiamatprovide critical data on temperature and
water content of atmospheric regions enriched itharee as a next step toward localizing
sources (Smith et al. 2009). Orbiting instrumesotsh as CRISM and HIRISE might be used
immediately to map mineralogical, geomorphologieall structural features. Minerals enriched
in carbon or sulfur could provide insightful evigenof reactions between methane and surface
minerals or fluids.
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As with all landed missions to Mars, the best wagvaluate and prioritize multiple
candidate sites for sample return is through amop@mpetitive landing site selection process.
In order to take full advantage of the currentligibng high-resolution instruments, the landing
site selection process for a potential future samgiurn should start as soon as possible.

Summary of Preliminary Implementation Analysis

The proposed MAX-C mission implementation has b&adied in concert with the SAG
since approximately May 2009. The strategy has beelevelop the most cost-effective
concept to meet the situ science and caching objectives. The resulting@seg rover would
be in a mass class much smaller than MSL, but lahgen MER. This makes a clone of the
MSL Cruise/EDL system the prudent choice to deliher proposed MAX-C rover to the surface
of Mars. Recent high level discussions between NASd ESA have precipitated the idea of
delivering the ESA ExoMars rover and the propos@&®N MAX-C rover to Mars together in
2018 on a single launch vehicle and with the MSLLEpstem. This combined mission concept
has been explored only briefly thus far. The immatation discussion herein reflects a
proposed NASA-only MAX-C mission, but the generapabilities are not expected to change
significantly under a joint mission architecture.

The proposed MAX-C mission would be launched in M&2018 and arrive at Mars in
January of 2019 at Ls=325 (late northern wint&)ven the favorable atmospheric pressure at
this season, performance of the MSL delivery systaght allow altitudes up to +1 km, but
altitude trades off against the landed mass. Taeralso unfavorable effects on the atmosphere
from dust storms, but the combined effects of tHastrs have not yet been fully evaluated.
Access for a solar powered rover with one Earth peianary mission lifetime is restricted to
between 25 North and 15 South latitude.

The mission concept would require technology dguslent in four key areas:

» Coring, encapsulation, and caching: Lightweigligbnechanisms for obtaining and
handling cored samples.

* Instruments: Additional technology focus to matungruments that could address the
measurement needs posed herein, particularly tbeacale mineralogy, organics, and
elemental composition mapping.

* Planetary protection/contamination control: Biearling, cataloguing of bio-contaminants,
and transport modeling to ensure cached sampleklweueturnable.

* Rover navigation: On-board image processing anejaton to increase traverse rate.

» Precision landing: A major scientific prioritytis improve access to complex terrain, which
requires significantly narrowing the landing elbps

Based on a draft project schedule and a full JPANT¥ study, total project cost in real
year dollars, Phase A through D, not including &uwmehicle is estimated to be between $1.5-
2.0B.
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