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COMMUNICATION
Education

We#have#20)30#years#to#
raise#a#generation#of#
science#literate#people#
who#will#support#this#
endeavor#IF#they#really#
understand#why#we#are#

doing#it

Collaboration

We#can#get#Earth#
scientists#on#board#by#
explaining#why#Mars#is#

essential#to#
understanding#life#and#
early#geology#on#Earth.#

Priorities

What#do#we#really#hope#
to#accomplish#

scientifically?#(prebiotic#
chemistry#is#super#

interesting#in#its#own#
right;#origin#of#life#is#
clearly#awesome)



THE	  TERRESTRIAL	  RECORD	  OF	  ANCIENT	  LIFE	  

Schopf,	  2006	  





WE	  WILL	  NEVER	  UNDERSTAND	  THE	  
ORIGIN	  OF	  LIFE	  BY	  EXPLORING	  EARTH	  



COMPARING	  THE	  EARTH	  AND	  MARS	  



EARLY	  LIFE	  ON	  MARS?	  

+	  
+	  
+	  
	  à	  
	  à	  

consider	  that	  solar	  energy	  is	  much	  less	  at	  Mars	  (44%)	  
consider	  faint	  young	  sun	  (~70%	  present)	  
no	  magnetic	  field	  
THE	  SURFACE	  IS	  AND	  WAS	  A	  BUMMER	  
WHY	  PHOTOSYNTHESIS?	  

We	   might	   want	   to	   tap	   subsurface,	  
hydrothermal,	   and	   groundwater-‐fed	  
environments	  
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MCLAUGHLIN	  
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Channels	  in	  wall,	  
terminate	  ~500	  m	  
above	  the	  floor	  
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on	  floor	  
Lobate	  materials	  
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CRISM	  RESULTS	  
CLAYS	  AND	  CARBONATES	  
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LAYERED	  SEDIMENTS	  AND	  	  
LOBATE	  MATERIALS	  
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Exploration	  Zone	  Map	  
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Exploration	  Zone	  Summary	  
SUMMARY

Resources
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significant+amounts+of+
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Primary	  Science	  ROIs	  
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LZ

SROI 1
(datable surface)

SROI 2
(layered carbonates and clays)

SROI 3
(debris - carbonates and clays)

SROI 4
(layered carbonates

 and clays)

SROI 1
(datable surface)



WE	  NEED	  TO	  TALK…	  ABOUT	  DATING	  

SROI1:	  regional	  dark	  unit	  –	  probably	  ash,	  
probably	  3.7-‐3.8	  Ga)	  



Primary	  Science	  ROIs	  
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LZ

SROI 1
(datable surface)

SROI 2
(layered carbonates and clays)

SROI 3
(debris - carbonates and clays)

SROI 4
(layered carbonates

 and clays)

SROI 1
(datable surface)



SROI2:	  LAYERED	  UNITS	  ON	  THE	  	  
CRATER	  FLOOR
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SROI2:	  LAYERED	  UNITS	  ON	  THE	  	  
CRATER	  FLOOR

150	  m	  



SROI2:	  INTERESTING	  BEDDING	  IN	  THE	  FLOOR	  UNIT



SROI3:	  DEBRIS	  FLOW	  
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RROI	  1:	  FRAGMENTED	  CARBONATE	  AND	  CLAYS	  IN	  
DEBRIS	  FLOW/EJECTA	  

Dark	  unit	  

Debris	  flow/	  
ejecta	  
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average
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floor

RROI	  1:	  FRAGMENTED	  CARBONATE	  AND	  CLAYS	  IN	  
DEBRIS	  FLOW/EJECTA	  



1st	  EZ	  Workshop	  for	  Human	  Missions	  to	  Mars	  

Science	  ROI(s)	  Rubric	  
  Site Factors 
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Threshold 

 A
N

D
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Potential for past habitability  ●	   ●	   ●	     
Potential for present habitability/refugia ●	  	   ●	  	   ●	  	     

Qualifying Potential for organic matter, w/ surface exposure ●	   ●	   ●	       

At
m
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ce

 

Threshold Noachian/Hesperian rocks w/ trapped atmospheric gases ●	   ●	   ●	     

Qualifying 

Meteorological diversity in space and time 	  ? 	  ? 	  ?   
High likelihood of surface-atmosphere exchange ●	   ●	   ●	     

Amazonian subsurface or high-latitude ice or sediment   
High likelihood of active trace gas sources ○	   ○	   ○	     

G
eo
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nc
e 

Threshold  

Range of martian geologic time; datable surfaces ●	   ●	   ●	     
Evidence of aqueous processes ●	   ●	   ●	     

Potential for interpreting relative ages ●	  	   ●	  	   ●	  	     

Qualifying  

Igneous Rocks tied to 1+ provinces or different times ●	   ●	   ●	     
Near-surface ice, glacial or permafrost           

Noachian or pre-Noachian bedrock units ●  ●  ●    
Outcrops with remnant magnetization   

Primary, secondary, and basin-forming impact deposits  ●	    ●	    ●	               
Structural features with regional or global context  ●	    ●	    ●	               
Diversity of aeolian sediments and/or landforms ○	   ○	   ○	     

Key 

●	   Yes 

○	   Partial Support 
or Debated 

No 

? Indeterminate 

  	  	     	  	   	  	  

	  	           
        

	  	   	  	   	  	   	  	   	  	  

	  	   	  	   	  	   	  	  

	  	   	  	   	  	   	  	  

        

  	  	     	  	  

        

  



1st	  EZ	  Workshop	  for	  Human	  Missions	  to	  Mars	  

Resource	  ROI(s)	  Rubric	  
  Site Factors 
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Engineering Meets First Order Criteria (Latitude, Elevation, Thermal Inertia)       
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Threshold 
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 Potential for ice or ice/regolith mix   

Potential for hydrated minerals ●	  	     

Quantity for substantial production 	  ●	     

Potential to be minable by highly automated systems  ●	     

Located less than 3 km from processing equipment site  ?   

Located no more than 3 meters below the surface 	  ●	     

Accessible by automated systems ?	  	     

Qualifying 

Potential for multiple sources of ice, ice/regolith mix and hydrated minerals   

Distance to resource location can be >5 km ●    

Route to resource location must be (plausibly) traversable ●	  	     

C
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Threshold 

~50 sq km region of flat and stable terrain with sparse rock distribution         

1–10 km length scale: <10°  ●	         

Located within 5 km of landing site location  ●	         

Qualifying 

Located in the northern hemisphere  ●	           

Evidence of abundant cobble sized or smaller rocks and bulk, loose regolith ●	     

Utilitarian terrain features  ●	         

Fo
od
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Qualifying 

Low latitude  ●	     

No local terrain feature(s) that could shadow light collection facilities  ●	     

Access to water ●      

Access to dark, minimally altered basaltic sands  ●	           
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Threshold 

Potential for metal/silicon      

Potential to be minable by highly automated systems         

Located less than 3 km from processing equipment site         

Located no more than 3 meters below the surface         

Key 

●	   Yes 

○	   Partial Support 
or Debated 

No 

? Indeterminate 
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Accessible by automated systems   	  	  
      

Qualifying 

Potential for multiple sources of metals/silicon     
      

Distance to resource location can be >5 km     
      

Route to resource location must be (plausibly) traversable   	  	  
      



CHECK	  OUT	  OUR	  RECENT	  PAPER	  IN	  EPSL	  
OPEN	  ACCESS!	  
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Exploration	  Zone	  Summary	  
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