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Mars Exploration Program Goals
Mars Exploration Program Analysis Group

1. Determine if life ever arose on Mars
(prebiotics, past & extant life, long-term evolution of Mars)

2. Understand the processes and history of
climate on Mars

3. Determine the evolution of the surface and
Interior of Mars

4. Prepare for human exploration
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MEPAG Goal 1: Determine if life ever arose on Mars

Objective A. Characterize past habitability and search for
evidence of ancient life

1. Characterize the prior habitability of environments, with a

focus on resolving more habitable vs less habitable sites (establish
geologic context, water availability, energy availability, bio-essential elements, and
physicochemical environment)

2. Assess the potential of various environments to enhance
preservation or hasten degradation of biosignatures; identify

sites having high preservation potential (determine processes that
degrade or preserve organics, physical structures, and chemical, mineralogical or
Isotopic indicators of metabolism)

3. Search for evidence of ancient life in environments having
high combined potential for prior habitability and preservation of

biosignatures (document any organic compounds, biophysical structures, and
chemical, mineralogical or isotopic indicators of metabolism)



MEPAG Goal 1: Determine If life ever arose on Mars

Objective B. Characterize present habitability and search for
evidence of extant life

1. Identify and characterize any presently habitable

environments (establish geologic context, water availability, energy
sources, bioessential elements, physicochemical conditions over time)

2. Assess the potential of various environments to enhance

preservation or hasten degradation of biosignatures of extant life
(determine processes that degrade or preserve types of biosignatures in
surface regolith/rocks, evaluate conditions at depth with respect to
biosighature degradation or degradation)

3. Search for evidence of ancient life in environments having
high combined potential for habitability and preservation of

biosignatures (e.g., seek evidence of ongoing metabolism, organic
compounds, bioessential elements, stereochemistry, and bio-organic or
biomineral structures)



MEPAG Goal 1: Determine If life ever arose on Mars

Objective C. Determine how the long-term evolution of Mars
affected prebiotic chemistry and habitability

1. Characterize the evolution of the Martian hydrological cycle,
emphasizing likely changes in the location and chemistry of
liquid water reservoirs

2. Constrain evolution in the geological, geochemical, and
photochemical processes that control atmospheric, surface, and
shallow crustal chemistry, particularly as it bears on provision of
chemical energy and ... bioessential elements

3. Constrain the nature and abundance of possible energy
sources as a function of changing water availability, geophysical
and geochemical evolution, and evolving atmospheric and
surface conditions

4. Evaluate the presence and magnitude of oxidative or radiation
hazards at the surface and in the shallow crust



Conditions That Could Sustain Life on Mars:
Changes Over the Eons

Billions of Years Ago



MSL: Curiosity’s Capabillities

A Robotic Field Geologist A Mobile Geochemical and
e Long life, ability to traverse many Environmental Laboratory
miles over rocky terrain e Ability to acquire and process dozens of
e Landscape and hand-lens imaging rock and soil samples
* Ability to survey composition of e Instruments that analyze samples for
bedrock and regolith chemistry, mineralogy, and organics

e Sensors to monitor water, weather, and
natural high-energy radiation



Requirements for Habitability (H)

Raw Materials Energy
(SPONCH, e-) ight, chemical

Clement

Conditions
(T, pH, S, etc.)

Solvent
(water)

Torli Hoehler



Energy for Life

Obsidian Spring, Yellowstone National Park

® 9907198
W 000616A
% 000620B
4 010724A
> 0107248
4 010725F
W 010725G

o
o

(=]
o

- ) hematite
401 — s goethite

arbon monoxide
20 - bicarbonate/ -
T =79 £4°C carhun dinxide

pH =6.7%0.4

Chemical Affinity (kJ per mol of electrons transferred)

odds & ends

Shock, Holland, Meyer-Dombard & Amend (2005)




Biosignhatures: what we look for...

Fossils

Biominerals
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Minerals & Rocks that Preserve Fossil Records

Residence
Time

<1x104 yrs

<1x106 yrs

<2x108 yrs
<3.5x108 yrs

<3.8x108 yrs

Least Stable

Ice

Halides, sulfates
Metallic sulfides

Clay-rich shales
Water-laid pyroclastics
Marine carbonates
Metallic oxides

Phosphates
Silica

Most Stable

Dominant Process
Controlling Loss

Climatic warming

Dissolution
Oxidation

Metamorphism
Recrystallization
Dissolution

Deep burial
Recrystallization
Metamorphism

Farmer & Des Marais (1999)



Mars Science Laboratory Rover - Payload

MAHLI
APXS
Brush
Drill / Sieves
Scoop

MARDI

Rover Width:
Height of Deck:
Ground Clearance:
Height of Mast:

2.8 m
1.1m
0.66 m
2.2 m

REMOTE SENSING

Mastcam (M. Malin, MSSS) - Color and telephoto imaging,
video, atmospheric opacity

ChemCam (R. Wiens, LANL/CNES) — Chemical composition;
remote micro-imaging

CONTACT INSTRUMENTS (ARM)
MAMHLI (K. Edgett, MSSS) — Hand-lens color imaging

APXS (R. Gellert, U. Guelph, Canada) - Chemical
composition

ANALYTICAL LABORATORY (ROVER BODY)

SAM (P. Mahaffy, GSFC/CNES) - Chemical and isotopic
composition, including organics

CheMin (D. Blake, ARC) - Mineralogy

ENVIRONMENTAL CHARACTERIZATION

MARDI (M. Malin, MSSS) - Descent imaging

REMS (J. Gdmez-Elvira, CAB, Spain) - Meteorology / UV
RAD (D. Hassler, SwRI) - High-energy radiation

DAN (I. Mitrofanov, IKI, Russia) - Subsurface hydrogen









Candidate MSL Landing Sites

Holden crater:
bedrock

outcrops, alluvial fans,
rich history of aqueous
processing
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layered sequences that

could be traversed by



Conditions That Could Sustain Life on Mars:
Changes Over the Eons

Subsurface aqueous activity today?
Atmospheric indicators?

Billions of Years Ago



Geochemical Cycles
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Martian Methane: ISsues (Forget et al.)

» The "conventional” atmospheric chemistry does not produce measurable
methane variations on Mars, even in the case of a current, episodic, and
localized source.

» The condensation/sublimation cycle of CO, should
variations at high latitudes (but they differ from'!

large-scale methane

rved).

» CSHELL/NIRSPEC: In the most favourable case, an a
less than 200 days (seasonal release) or ~2 Earth yea
necessary to reproduce the observations.
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Martian Methane: Issues (Forget et al.)

The "conventional" atmospheric chemistry does not produce measurable
methane variations on Mars, even in the case of a current, episodic, and
localized source.

The condensation/sublimation cycle of CO, s d e methane

variations at high latitudes (but they differ

CSHELL/NIRSPEC: In the most favourable : ime of
less than 200 days (seasonal release) or ~2 €
necessary to reproduce the observations.

PFS: measurements at high latitudes require a lifetime of less than 3Earth
years. Longitudinal variations at high latitudes and seasonal trends at mid-to-low
latitudes cannot be reproduced.

The CH,4 source: quantitative agreement with the observations requires
considerable amounts:

~150 000 tonnes CSHELL/NIRSPEC, seasonal release
~ 80 000 tonnes CSHELL/NIRSPEC, single event
~ 50 000 tonnes PFS, polar summer



ExoMars 2016
Trace Gas Orbiter
Instruments

EMCS - ExoMars Climate Sounder

An infrared radiometer to provide daily global measurements of
temperature, pressure, dust, ice, and water vapour in the
atmosphere to aid the analysis of the spectrometer data.

MATMOS -
Spectrometer

Mars Atmospheric Trace Molecule Occultation

An infrared spectrometer coupled with a solar imager to detect
very low concentrations of molecular constituents of the Martian
atmosphere and map their distribution from solar occultations.

Principal Investigator: John Schofield, Jet Propulsion Laboratory,
USA

Participating countries:
Kingdom, France.

United States of America, United

Principal Investigator: Paul Wennberg, California Institute of
Technology, USA
Co-Principal Investigator:
Agency, Canada
Participating countries: United States of America, Canada.

Victoria Hipkin, Canadian Space

MAGIE - Mars Atmospheric Global Imaging Experiment

A wide-angle multi-spectral camera to provide global images in
support of the other instruments.

|NOMAD - Nadir and Occultation for MArs Discovery

Principal Investigator: Malin Space Science
Systems, USA
Participating countries: United States of America, Belgium,

France, Russia.

Bruce Cantor,

A spectrometer suite, covering a wide range of wavelengths
(infrared, ultraviolet and visible), to identify the components of
the Martian atmosphere.

HiSCI - High-resolution Stereo Colour Imager

Principal Investigator: Ann Carine Vandaele, Belgian Institute for
Space Aeronomy, Belgium

Co-Principal Investigator: Giancarlo Bellucci, Istituto Nazionale di
Astrofisica, Italy

Co-Principal Investigator: José Lopez Moreno,
Astrofisica de Andalucia, Spain

Co-Principal Investigator: Manish Patel, The Open University,
United Kingdom

Participating countries: Belgium, Italy, Spain, United Kingdom,
United States of America, Canada.

Instituto de

A camera designed to take three-dimensional images of active
processes (such as volcanism) that occur on the Martian surface
and that are thought to release gases that could provide
evidence of possible life on Mars.

Principal Investigator: Alfred McEwen, University of Arizona, USA
Co-Principal Investigator: Nicolas Thomas, University of Bemrn,
Switzerland

Participating countries: United States of America, Switzerland,
United Kingdom, Italy, Germany, France.




Mars Exploration Program’s Evolving Strategy

Prior Strategy: Multiple missions have addressed ‘follow the water’ and
‘evaluate habitable environments’ themes.

Result: Orbital and landed missions have revealed multiple terrain types with
diverse evidence interpreted to indicate water and habitability potential.

Strategic response: Plan a landed mission to seek possible signs of life or
prebiotic chemistry in a ‘high habitability potential’ environment.
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Mars Sample Return
bringing Mars to Earth




Sample Return is the Next Step @

From Vision and Voyages for Planetary science in the Decade 2013-2022:

“The analysis of carefully selected and well documented samples from a well
characterized site [on Mars] will provide the highest scientific return on
investment for understanding Mars in the context of solar system evolution
and addressing the question of whether Mars has ever been an abode of life.”

Committee on the Planetary Science Decadal Survey;
National Research Council, March 2011

Reasons for returning samples for analysis on Earth...

&

Could use advanced instrumentation Could employ techniques Could use a virtually unlimited array of
not amenable for flight to Mars. requiring complex sample different instruments, including future
preparation. instruments not yet even designed.

7/7/2011 Adapted from iMARS (2008); NRC Decadal Survey (2011) 25

Pre-decisional: for discussion purposes only



MSR Science Objectives —

- Prioritization
The science objectives were prioritized using the criteria below:

/7imstrument payload).

Pre-decisional: for discussion purposes only



Prioritized Scientific Objectives, MSR Q
in Priority Order . ‘

Critically assess any evidence for past life or its chemical precursors, and
1 | place detailed constraints on the past habitability and the potential for
preservation of the signs of life

Quantitatively constrain the age, context and processes of accretion, early

2 differentiation and magmatic and magnetic history of Mars.

3 Reconstruct the history of surface and near-surface processes involving
water.

4 Constrain the magnitude, nature, timing, and origin of past planet-wide
climate chanie.
Assess the history and significance of surface modifying processes,
including, but not limited to: impact, photochemical, volcanic, and aeolian.

- Constrain the origin and evolution of the martian atmosphere, accounting
for its elemental and isotopic composition with all inert species.

Mandatory: Determine if the surface and near-surface materials contain
//Vevidence of extant life -

Pre-decisional: for discussion purposes only




Four Stages of Sample Return

Launch from S : T
elect sampiles cquire/sLacne
Earth/Land on |—> P ) d
Samples
Mars
Sample Canisters On
Sample Caching Rover Mars Surfoce
! v
R Launch Samples
etrieve,/rac e :
& to Mars Orbit
i Samples on Mars
H Orbiting Sample {O5) in *
Mars sample Return Lander Mars Orbit
Capture and lsolate Return to Earth
Sample Container - »{ Land on Earth , .
SLEod VT
rhiting Sampile {05)
On Earth

Mars Sample Return Orbiter

k 4

Retrieve/Quarantine

_H.T and Preserve Samples 5 MSESS HElEElrdS Sample S{:len{:e
- on Earth

**Note: Launch sequence of MSR-L/MSR-L can be switched: launching MSR-O first
can provide telecom relay support for EDL/surface operation/MAV launch




A Proposed MSR Campaign — Joint NASA/ESA

Planning
Joint < NAfA/ES . Fotch rove ~ MSR Lander\
cientific Cachin rover i .
NASA/ESA = Rover ’ i} Mission
Mars 2018 v . ( )
. . ache

Mars Ascent
Vehicle (MAV)

Q /Orbiting

Sample (OS)
/ In-place \
befor_e L_ander Earth Entry
Mission : Vehicle (EEV)
MSR Orbiter .
W o km ot Mission \/
4 Mars Returned SampleSample Receivmg\ Earth divert of

Handling (MRSH) Facility (5RF) Vo orbier

Plannec otential Potential Proj ect ‘
2018 2022 2024 or Q Earth Entry
Launch : -aunch 2026 Launch «\KVehicle (EEV)

71772011

PRE-DECISION DRAFT: For Planning and Discussion Purposes Only



Sample Return: Overview @

Prioritized MSR science objectives

Derived implications

Samples required/desired to Measurements
meet objectives on Earth

Critical Science Planning Questions for 2018

Variations of Types of Measurements
interest? landing sites Sample needed to interpret On-Mars
: that best N & document strategies
support the Slz€: geology and select ?
# cif o objectives? samples?
Samples:

Engineering implications

Sampling | Instruments on EDL & mobility Sample
hardware | sampling rover | parameters, lifetime, ops = preservation
scenario

7/7/2011 30
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Past Decadal Results:

Mars Planetary Evolution

Proposed Chemical Environments

siderikian

theiikian

phyllosian

sulfates anhydrous ferric oxides

Deep
phyllosilicates

Layered
phyllosilicates

Carbonate
deposits

Phyllosilicate in fans

Plains sediments __
Chloride Deposits

Intracrater
— > ?
clay-sulfates =

Meridiani layered

Valles layered
2

7« — — Layered Hydrated — — _ o
Silica Yo Gypsum plains - ?
.1 3.8 : 3.3 :
Noachian| ;o |Hesperian | 4 Amazonian
3.6 2.8

Approximate age, billions of years

ODY, MEX, MRO

Coupled
mineralogy and
morphology
define aqueous
environments

Their character
has evolved,
indicating
changing
environments

Data support
the hypotheses
but indicate
greater
complexity in
local
environments



Potential Landing Sites

o MAWRTH'O NIl FOSSAE TROUGH

i g o5, ISMENLL_JS CAVUS ™

o ; 0 ERH R ;}? 48, 49 w”
updated g s “MNESYRTIS ..
latitude v, i gk

range

=
2
.
=}
=
0
@
O
e
o)
Q
=,
)
=)
2
©
kin

(518
§1.62
63 .

Proposed MSL site* 9 ta 2

Proposed MSL & Future Landing site* : elevation mask = -1 km
() Final MSL candidate site™ Eruposed candidate reference
O Final MSL candidate site & proposed Future Landing site* f'te for 2018 — E——

Prapcsed Future Landmg sue See Grant et al., 2010 8 4 0 4 8 12

| 1 1 1 | 1 | | | | ] 1 | | 1 |
180 210 24[} 2?0 300 330 0 30 60 90 120 150 180
Longitude (degrees East)

Elevation (km)

» Mask shows draft latitude and elevation constraints for MSR (as of Jan. 2011)

» All sites are community-proposed:
o 59 sites from MSL landing site process, 26 sites from CDP future landing sites process

o Labeled sites are E2E-iSAG reference sites discussed on following slides




Sample Science General Principles:
Sample Suites

1. Rock outcrops/geologic terrane have multiple properties that vary.

2. The variation that matters depends on the question, thus not all natural
variations are equally important.

3. A sample suite captures those variations whose measurements are required
in order to characterize a particular process(es), environment or history.

4. The differences between samples in a suite can be more important than their

absolute values.

EXAMPLE: This suite is defined
by variations in bulk chemistry c ~

Sample collections designed around
one or more sample suites maximize
their potential for answering the

Wishstone Irvine highest priority scientific questions.

el U J

5

Extended from ND-SAG (2008); NRC Decadal

Backstay Survey (2011) 33

Pre-decisional: for discussion purposes only



Regolith: Objectives and Priorities @

PRIORITY ORDER OTHER

Goal 1V sub-objectives (MEPAG Goals Goal Il sub-objectives (MEPAG
Document, 2010) Goals Document, 2010)

1. Determine if extant life is widely presentinthe  * Characterize the spectral
martian near-surface regolith, and if the air- properties of the regolith, since
borne dust is a mechanism for its transport. it is a filter through which we

2. Assess the potential of regolith to be a resource view most of the Martian
for hydrogen. surface by remote sensing.

3. Determine the possible toxic effects of martian ¢ Interpret the history of surface
dust on humans conditions and processes.

a) Assay for chemicals with known toxic effect on
humans (e.g., Cré*).

b) Characterize soluble ion distributions and
reactions

c) Analyze the shapes of martian dust grains to
assess their possible impact on human soft tissue
(especially eyes and lungs).

4. Characterize the particulates that could be
transported to hardware through the air that
could affect engineering performance (esp.
sédls) electrical properties, corrosion, bearings, Source: MEPAG Goals Document 34

Pre-decisional: for discussion purposes only
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Gamma Ray Spectrometer, Mars Odyssey orbiter, launched 2001
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QUESTIONS

SAMPLES

Relationship between gas questions
and gas samples

origin and evolution of
the martian atmosphere?

Paleo-

Loss of Age of Loss of water: Volcanic

atmospher | atmosphere | atmosphere How, when outgassing

e

(N, Ne, Ar isotopes, (escape rate: e.g. = climate evolution (e.g. radiogenic
129Xe/*32Xe) 14N/15N, 12C/13C) (D/H ratio) isotopes “0Ar, 129e)

Present-day atmosphere sample Paleoatmosphere samples

High precision data on atmospheric noble and proxies
gases + other volatile elements

(e.g. Xe isotopic composition)

7/7/2011

Chemical Ilgneous rocks
sediments Gas inclusions (noble
Mineralogy gives gases, CO,) =
insight to volatile insight to magmatic
content of planet volatile content,
outgassing efficiengy

Pre-decisional: for discussion purposes only



n n ]
Extant Life Objective Eﬁ?i
It wéuld be mandatory to analyze the returned samples for extant life: (a) in order to meet

Planetary Protection requirements and (b) because of the scientific importance of
detecting extant life, if any is present.

However the search for extant life is given low priority when it comes to sample and site
selection because:

* There is an extremely low probability of extant life in any surface samples (low water activity,
high UV, low temps, etc.)

 More hospitable environments that existed in the past, such as hydrothermal vents or lakes, are
not active on Mars today.

e If organisms (resistant, dormant forms) are present near the surface, the criteria are unclear
whereby sites and samples most likely to contain such forms could be identified.

In concurrence with MRR-SAG (2009), it is thought that the likelihood of life’s existence
near the martian surface is much greater in the past than the present, and that there
are ways to locate high priority targets in ancient terranes. Therefore the focus for
exploration should be on ancient rocks rather than modern environments.

DRAFT FINDING #1: Analyses of returned samples for extant life will be a
high priority science objective, but we don’t have a logical way to

effectively incorporate this into sample selection on Mars.
7/7/2011 37

Pre-decisional: for discussion purposes only




MEPAG Goal 1: Determine If life ever arose on Mars

Objective B. Characterize present habitability and search for
evidence of extant life

1. Identify and characterize any presently habitable

environments (establish geologic context, water availability, energy
sources, bioessential elements, physicochemical conditions over time)

2. Assess the potential of various environments to enhance

preservation or hasten degradation of biosignatures of extant life
(determine processes that degrade or preserve types of biosignatures in
surface regolith/rocks, evaluate conditions at depth with respect to
biosighature degradation or degradation)

3. Search for evidence of ancient life in environments having
high combined potential for habitability and preservation of

biosignatures (e.g., seek evidence of ongoing metabolism, organic
compounds, bioessential elements, stereochemistry, and bio-organic or
biomineral structures)
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ExoMars 2018 Instruments (1)

PanCam - The Panoramic Camera

To perform digital terrain mapping of Mars.

Principal Investigator: Andrew John Coates, MSSL/University
College London, London, United Kingdom
Co-Principal Investigator (High Resolution
Jaumann, DLR/IPF, Berlin, Germany
Co-Principal Investigator (Wide Angle Cameras): Jean-Luc Josset,
Institute for Space Exploration, Neuchatel, Switzerland.

Camera): Ralf

MARS-XRD - MARS X-Ray Diffractometer

A combined X-ray diffractometer and fluorescence spectrometer
to analyse the mineralogy and chemical composition of the
Martian rocks and soil.

|MDMA - Mars Organic Molecule Analyser

It will target biomarkers to answer questions related to the
potential origin, evolution and distribution of life on Mars.

Principal Investigator: Lucia Marinangeli, IRSPS Universita
d’Annunzio, Pescara, Italy
Co-Principal Investigator: Ian Brian Hutchinson, University of

Leicester /University of Brunel, United Kingdom.

Principal Investigator: Fred Goesmann, Max-Planck-Institute for
Solar System Research, Lindau, Germany

Co-Principal Investigator: Paul Mahaffy, Goddard Space Flight
Center, Washington, United States of America
Co-Principal Investigator: Francois Raulin,
12 and 7, Paris, France.

University of Paris

Raman Spectrometer

To provide context information for the identification and
characterisation of potential organic compounds that can be
related with present or past signatures of life on Mars.

MicrOmega

A micro-imaging system designed to identify the mineralogical
and the molecular composition of Martian samples.

Principal Investigator: Fermando Rull Perez, Centro de
Astrobiologia, Unidad Asociada (CSIC-UVA), Spain
Co-Principal  Investigator: Sylvestre Maurice, Laboratoire

d'Astrophysique - Observatoire Midi-Pyrenees (LAOMP), France

Principal Investigator: Jean-Pierre Bibring, Institut
d’Astrophysique Spatiale, Orsay, France

Co-Principal Investigator: Frances Westall, Centre de Biophysique
Moleculaire, Orléans, France

Co-Principal Investigator: Nicolas Thomas, University of Bern,
Switzerland.




ExoMars 2018 Instruments (2)

WISDOM - Water Ice and Subsurface Deposit Observation On
Mars

To provide a detailed view of the subsurface structure of the Red
Planet by imaging the upper layers of the Martian crust.

Principal Investigator: Valérie Ciarletti, LATMOS, France
Co-Principal Investigator: Svein-Erik Hamran, FFI, Norway
Co-Principal  Investigator: Dirk Plettemeier, TU-Dresden,
Germany.

LMC - Life Marker Chip

To detect specific molecules that may be associated with past or
present life on Mars.

Ma_MISS - Mars Multispectral Imager for Subsurface Studies

Located inside the drill, it will contribute to the study of the
Martian mineralogy and rock formation.

Principal Investigator: Mark R. Sims, University of Leicester,
United Kingdom
Co-Principal Investigator: David C. Cullen, Cranfield University,
United Kingdom.

Principal Investigator: Angioletta Coradini, Institute for
Interplanetary Space Physics, IFSI, Italy.

CLUPI - Close - UP Imager

A camera system to acquire high-resolution colour close-up
images of rocks, outcrops, drill fines and drill core samples.

Principal Investigator: Jean-Luc Josset, Space Exploration
Institute, Neuchéatel, Switzerland

Co-Principal Investigator: Frances Westall, Centre de Biophysique
Moleculaire, Orleans, France

Co-Principal Investigator: Beda Hofmann, Natural History
Museum, Bern, Switzerland.




MEPAG Goal 1: Determine If life ever arose on Mars

Objective C. Determine how the long-term evolution of Mars
affected prebiotic chemistry and habitability

1. Characterize the evolution of the Martian hydrological cycle,
emphasizing likely changes in the location and chemistry of
liquid water reservoirs

2. Constrain evolution in the geological, geochemical, and
photochemical processes that control atmospheric, surface, and
shallow crustal chemistry, particularly as it bears on provision of
chemical energy and ... bioessential elements

3. Constrain the nature and abundance of possible energy
sources as a function of changing water availability, geophysical
and geochemical evolution, and evolving atmospheric and
surface conditions

4. Evaluate the presence and magnitude of oxidative or radiation
hazards at the surface and in the shallow crust



Obliquity changes can exert major effects upon the abundance
and global distribution of water in the surface environment

Sunlight




Crustal Questions

The volume of the crust is
unknown to within a factor
of two.

Does Mars have a layered
crust? Is there a primary crust
beneath the secondary veneer
of basalt?

To what extent were
radiogenic elements
concentrated in the crust? Is
there a difference in
composition between the north
and the south?

Is the crust a result of primary
differentiation or of late-stage
overturn? How much of it is o
secondary? L L8C SN X

- . r 4 3 L f
e W W omw wr wm L o J
a4 00 o (LK) 1207 180
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Mantle Questions

What is the actual
composition (e.g.,

mineralogy, volatile
content oxidation state)?

To what degree Is

compositionally stratified?
What are the implications
for mantle convection?
Are there polymorphic

phase transitions?

What is the thermal state

of the mantle?

November 4, 2009

mantle
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Questions About Core Structure

Radius is 1600 +150 km, so LSS
density Is uncertain to +20% Fo__——7
Composed primarily of iron, . 7

but what are the lighter
alloying elements?

At least the outer part
appears to be liquid; Is there |
a solid inner core? P

How do these parameters BE. L A

relate lo the initiation and Our enly consiraints on the core are the

shut down of the dynamo? moment: of inertia and totall mass of Mars. But
Does the core radius smm we have three parameters; (mantle.
preclude a lower mantle iﬁﬂwﬂfﬁ;iﬁ;ﬂz ﬁ:ﬂhﬁ;ﬁf

perovskite transition? with significantly different implications; for
Mars’ origin and history.

a
E
2
o
e
]
-~
[T
=
3 s

vember 4, 2009 Decadal Survey Mars Panel — Caltech, Pasadena, CA 13



Highest Priority Science Goals

m Determine the thickness of the crust at several
geologically interesting locations. Determine
crustal layering at these locations.

m Determine the depths to mantle phase transition
boundaries or compositional boundaries.

m Determine the radius of the core .

m Determine the state of the core and the radius of
a potential inner core.

= Determine the additional details of the radial
seismic velocity profile of the planet interior.

m Determine the global planetary heat flow.

November 4, 2009 Decadal Survey Mars Panel — Caltech, Pasadena, CA
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Travel Time Analysis
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Planetary Heat Flow

Constrains: Key challenges:

= Thermal and volatile history = Measuring the thermal gradient beneath the

= Distribution of radiogenic elements annual thermal wave, at 3-5 m depth.

= Thickness of lithosphere = Accurately measuring the thermal gradient and

conductivity in an extremely low conductivity
environment where self-heating is an issue.

s Effects of local topography

= Long-term fluctuations of the surface
Support system temperature and insolation (climate variations,
: obliquity changes, etc.)

= Subsurface environment, energy
source for chemoautotrophic life forms

’V\- Payload Compartment

B
; 4

T~ Mole
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Electromagnetic Sounding

m Uses ambient EM energy to penetrate the crust and upper mantle.

= Is widely used in terrestrial resource exploration and studies of the
lithosphere and the deep mantle.

= Related methods used to detect subsurface oceans in Galilean satellites
and to sound interior of the Moon.

=  Two measurement methods:

= Magnetotellurics (102102 Hz). Form frequency-dependent EM
impedance from orthogonal horizontal electric and magnetic fields

= Geomagnetic Depth Sounding (10°-1 Hz). Form EM impedance from 3-
component magnetic fields at 3 surface stations.

EM sounding can help determine:
Crustal thickness

Depth fo ground water
Temperature profile in mantle
lithosphere

Low frequency EM environment
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Great Potential of a Fundamentally
International Mars Exploration Program

Broad, deep science & engineering intellectual base
Promotes international collaborations in other areas
Continues cadence of orbiters, landers & synergies
Enables spacecraft portfolio for Mars sample return

Enables Mars network science:
multiple small geophysical & climate stations

Coordinated approach to future human exploration



The Martian environment has been more Earth-like
than that of any other planet in our solar system.




The Martian environment has been more Earth-like
than that of any other planet in our solar system.

: i Y -
T S

A planetary-scale exploration program is needed
to understand the planetary-scale Martian system!



Knowledge of early planetary environments is
critical to understanding origins & early evolution of life

Meteorites
Shock Synthesis

Lightning

Unicellular
Life

Photoreduction of Carbon

4.5 Ga Plants
\ and Animals
Geologic
Age, Depth

Billions

of Year\

Present

Range of Environmental Conditions,
<4 Energy Sources and Substrates —%-

But Earth’s earliest record has been largely obliterated.
Mars’ earliest record is probably still well-preserved!



Had T. S. Eliot lived in foday's space age, he might advise:
"Explore our own origins and the depths of space

Then consider once again our own moment and place

And know it for the first time."



End...
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