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The Premise and the Thesis: 

• Mars Sample Return is a huge investment for 
the planetary science community, indeed the 
entire ESA-NASA community
• The Decadal Survey prioritized a 3-mission 

sample return campaign because of 
anticipated merit of the in situ exploration 
coupled with return of a carefully selected 
sample cache
• It is our responsibility to be certain the cache 

we collect is provides the “Decadal-level 
Science” to justify this investment

This talk: 
• What is Decadal-level Science?
• How and Where can we achieve this?

Thesis: Not all sites are created equal. We must visit and sample the Noachian 
stratigraphy to achieve Decadal-level science. This means land in NE Syrtis or Midway



What is Decadal-level science?



What is Decadal-level science?

Important for the science return to be significant even if the samples are never 
returned 

But highest science return on investment…. for understanding Mars as a planetary 
system…will result from [samples] returned to Earth for intensive study

Is analysis of samples required? 



What is Decadal-level science?

Is the search for life a major driver? Yes.

Will address the question of whether the planet was ever an abode of life



What is Decadal-level science?

Is understanding Mars evolution a major driver? Yes.

Most valuable if [samples] represent the diverse products of various 
planetary processes



What is Decadal-level science?

Is understanding Mars evolution a major driver? Yes.
Is the search for life a major driver? Yes.

Did the Decadal Survey think we could do both at one 
single landing site location? Yes



Key Decadal Drivers in the Search for Life

Pick a site where
• water played a major role with varied units recording 

water chemistry, temperature, weathering, sedimentation
• igneous and sedimentary in roving distance
• geologic context
Basic in situ biosignature detection only: carbon compounds



Only NE Syrtis and Midway offer Decadal-level science

The complete package 
• the search for life
• understanding Mars evolution

• Go to the Noachian: Mars at its most 
active and habitable

• Prioritizing life in the best, most stable 
habitats (aquifers) and diversify to 
maximize chances of discovery

• Go where you can test important 
hypotheses about early Martian and 
geologic processes

• Go where you can sample the longest 
period of time

• Go for a diverse sample suite (if it is in 
context)
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Go to the Noachian: Mars at its most active and habitable

• Essential science covers early Mars history and big questions remain

4.1 Gyr 3.7 Gyr 3.1 Gyr

Magnetic field (Acuña et al., 1999)

Large impacts (Frey, 2008; Werner, 2008)

Volcanism (Phillips et al., 2001; Werner, 2009)

Early Faint Young Sun   (Lammer et al., 2013)

Secondary Mineralogy  (Ehlmann et al., 2011)

valleys

outflow channels

Fassett & Head, 2008

Tanaka, 1997

rovers & landers to date
Pre-Noachian to Hesperian at Midway and NE Syrtis

after Ehlmann et al., 2016



Only NE Syrtis and Midway offer Decadal-level science

The complete package 
• the search for life
• understanding Mars evolution

• Go to the Noachian: Mars at its most 
active and habitable

• Prioritizing life in the best, most stable 
habitats (aquifers) and diversify to 
maximize chances of discovery

• Go where you can test important 
hypotheses about early Martian and 
geologic processes

• Go where you can sample the longest 
period of time

• Go for a diverse sample suite (if it is in 
context)



Search for Life: Prioritizing life in the best, most stable 
habitats (aquifers)

by Dana Berry for 
National 
Geographic

Pr
ob

ab
ili

ty

Fundamental Differences: Regardless of what you 
believe about early Mars climate, liquid water on early 
Mars was never stable at the surface for long time

1° causes ice ages 10° - 60°

Laskar et al., 2004



Search for Life: Prioritizing life in the best, most stable 
habitats (aquifers)



Search for Life: Prioritizing life in the best, most stable 
habitats (aquifers)

see 
Onstott
et al., 
next talk



Search for Life: Diversify to maximize chances of discovery

1.

2.
3.

4.

5. 6.

7.
Noachian strata offer ≥4 habitable environments to sample for life in 
the prime mission and up to 7 in the extended mission

• 1. Pre-Isidis clay rich material crust (Early Noach.): Rover will 
determine sedimentary vs. altered igneous and sample.

• 2. Post-Isidis clay ridges (Mid Noachian): Rover will determine 
fluid chemistry, temperature of groundwaters and sample

• 3. Kaolinite (Late Noachian?): Rover will determine 
groundwater vs. surface weathering origin, 
stratigraphic/contact relationships, and sample

• 4. Carbonate (Mid/Late Noachian): Rover will determine 
serpentinization vs. carbonation processes by mineral 
assemblages and sample

• 5. Sulfate sediments (Late Noachian): Rover will interpret 
depositional facies, water chemistry, and sample

• 6. Jarosite-enriched ridges (Late Noach./Early Hesp.):  Rover 
will determine fluid chemistry, temperature of groundwaters
and sample

• 7. Fluviolacustrine clay sediments (Late Hesp/Amaz.): Rover 
will determine depositional facies, lake chemistry, and sample



Search for Life: Diversify to maximize chances of discovery

1.

2.
3.

4.

5. 6.

7.

iMost Report 
Geology 
Objectives

Midway NE Syrtis Jezero Gusev

Sediments ü ü ü ?
Hydrothermal ü ü ü
Groundwater ü ü
Subaerial ü ü ?
Igneous ü ü ? ü

extended mission

Noachian strata offer ≥4 habitable environments to sample for life in 
the prime mission and up to 7 in the extended mission

unparalleled habitable environmental diversity



Only NE Syrtis and Midway offer Decadal-level science

The complete package 
• the search for life
• understanding Mars evolution

• Go to the Noachian: Mars at its most 
active and habitable

• Prioritizing life in the best, most stable 
habitats (aquifers) and diversify to 
maximize chances of discovery

• Go where you can test important 
hypotheses about early Martian and 
geologic processes

• Go where you can sample the longest 
period of time

• Go for a diverse sample suite (if it is in 
context)



Go Where You Can Test Important Hypotheses About Mars 
Processes

• Ex. 1: Igneous
• Ex. 2: Clay formation 

and habitability
• Ex. 3: Carbonate 

formation and 
atmospheric 
sequestration



Go Where You Can Test Important Hypotheses About Mars 
Processes

• Ex. 1: Igneous
• Ex. 2: Clay formation 

and habitability
• Ex. 3: Carbonate 

formation and 
atmospheric 
sequestration

+2013

LCP

Plag.

Plag.

HCP

HCP

Olivine

Olivine

Noachian lava 
predicted 
composition

Am/Hesp. lava 
predicted 
composition

Baratoux et al., 2011; 2013



Go Where You Can Test Important Hypotheses About Mars 
Processes

• Ex. 1: Igneous
• Ex. 2: Clay formation 

and habitability
• Ex. 3: Carbonate 

formation and 
atmospheric 
sequestration

LCP-enriched

HCP-enriched

Olivine-enriched

Mars-2020 will collect 
the detailed 
chemistry and 
mineralogy required 
to understand crust 
formation

By P. Thollot in
Ehlmann et al., 2009



Go Where You Can Test Important Hypotheses About Mars 
Processes

• Ex. 1: Igneous
• Ex. 2: Clay formation 

and habitability
• Ex. 3: Carbonate 

formation and 
atmospheric 
sequestration



Go Where You Can Test Important Hypotheses About Mars 
Processes
• Ex. 1: Igneous
• Ex. 2: Clay formation 

and habitability
• Ex. 3: Carbonate 

formation and 
atmospheric 
sequestration

Michalski 
et al., 
2010, 
Astrobio.

Ehlmann et al., 2013, Space Sci. Rev.

Mars-2020 collects 
essential 
information for 
environments and 
volatile cycling

which?



Go Where You Can Test Important Hypotheses About Mars 
Processes

• Ex. 1: Igneous
• Ex. 2: Clay formation 

and habitability
• Ex. 3: Carbonate 

formation and 
atmospheric 
sequestration

escape

Mars-2020 collects essential 
information on carbonate 
formation: Open/closed sys. 
Fractionation factor? Matters for 
atmosphere loss calculations

Hu et 
al., 
2015



Only NE Syrtis and Midway offer Decadal-level science

The complete package 
• the search for life
• understanding Mars evolution

• Go to the Noachian: Mars at its most 
active and habitable

• Prioritizing life in the best, most stable 
habitats (aquifers) and diversify to 
maximize chances of discovery

• Go where you can test important 
hypotheses about early Martian and 
geologic processes

• Go where you can sample the longest 
period of time

• Go for a diverse sample suite (if it is in 
context)



Midway and NE Syrtis offer a richer set of units sampling 
longer time in context
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Midway and NE Syrtis offer a richer set of units sampling 
longer time

Gusev to scale
C. Hills



Midway and NE Syrtis offer a richer set of units sampling 
longer time

Gale to scale

At Gusev, are we sampling 
igneous units recording the 
evolution of Mars or the time 
variability of one volcano?

McCoy et al., 2008, JGR



Midway and NE Syrtis offer a richer set of units sampling 
longer time in context



Midway and NE Syrtis offer a richer set of units sampling 
longer time

Jezero
lacustrine 
sediments 
inaccessible 
to the rover
(~1 km thick)

Jezero
delta
last gasp 
(~30m)

We are sampling the last stages of a 
Gale-like environment. Will we find 
more organics or biosignatures?



Midway and NE Syrtis offer a richer set of units sampling 
longer time



NE Syrtis and Midway Units that Allow Decadal-level 
Science in Understanding Mars Evolution

iMOST (2018) Objectives

1 Geological environment(s) Interpret the primary geologic 
processes and history that formed the martian geologic record, 
with an emphasis on the role of water. 

Sedimentary System, Hydrothermal, Deep groundwater, 
Subaerial

Igneous terrane: Determine the petrogenesis of martian igneous 
rocks in time and space.

2 Life: Assess and interpret the potential biological history of Mars, 
including assaying returned samples for the evidence of life. 
Organics, Ancient Biosignatures, Modern Biosignatures

3 Geochronology: Determine the evolutionary timeline of Mars. 

4 Volatiles: Constrain the inventory of martian volatiles as a 
function of geologic time and determine the ways in which these 
volatiles have interacted with Mars as a geologic system.

5 Planetary Scale Geology: Reconstruct the history of Mars as a 
planet, elucidating those processes that have affected the origin 
and modification of the crust, mantle and core.

6 Environmental hazards : Understand and quantify the potential 
martian environmental hazards to future human exploration and 
the terrestrial biosphere. 

7 ISRU: Evaluate the type and distribution of in situ resources to 
support potential future Mars Exploration.



On Complexity

It is not a mission of exploration and discovery if we already 
know the answers



What is Decadal-level science?

Understanding Mars as a systemSearch for Life

• Go to the Noachian: Mars at its 
most active and habitable

• Go where you can test important 
hypotheses

• Go where you can sample the 
longest period of time

• Go for a diverse, in-context 
sample suite

• Midway and NE Syrtis investigate 
ALL iMOST target terrains

• Go where you have the most 
chances at findings life

• Look deep (as well as shallow)

• Seek biosignatures, but in situ 
ID is not necessary for return

• Midway and NE Syrtis
investigate ALL iMOST target 
terrains



Conclusions and Recommendations

• Mars Sample Return is a substantial investment for the planetary 
science community, indeed the NASA Science community

• The Midway and NE Syrtis are the only finalist sites with a mission 
profile worthy of this investment

• At these Noachian sites, M2020 could do extraordinary in situ 
science and  make a substantial progress toward addressing the 
most important outstanding questions about ancient Mars climate, 
habitability, and geology – achieve ALL iMOST objectives

• During our Baseline mission (not relying on extensions), it is our 
responsibility to make a sample cache that is worthy of the 
investment to return

• àLand on Midway or NE Syrtis.



EXTRAS



Key Decadal Drivers in Understanding Mars Evolution

Building 
new 
worlds

Planetary 
Habitats

Solar System 
Workings



Key Decadal Drivers in Understanding Mars Evolution

Accretion, differentiation
Atmospheric evolution

Bombardment by projectiles

Organic matter sources

Habitable environments

Habitable environments

Controls on planetary climate

Building 
new 
worlds

Planetary 
Habitats

Solar System 
Workings

Accretionary material, impact 
rate, solar luminosity





What is Decadal Level Science?

Not defined by mission technical specs but by science



• Key Questions for Mars Exploration







What is Decadal Level Science?

• Quote on search for life


