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Damer & Deamer, Life, 2015; 
Damer, Life, 2026 
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Enceladus Focus Group, 8-9 June, Berkeley CA 
Day 2 

 

Not deep sea! 



Damer & Deamer, Life, 2015; 
Damer, Life, 2016 



http://www.hou.usra.edu/meetings/enceladus2016/ 







CIRS Heat Flow Map of the Enceladus SPT (Howett et al. 2011)  

Spencer reported 
max temps of 200 
K in tiger stripes 
(high resolution 
observations); 
  
Plus high heat 
flows in between 
stripes (polar night 
observations) 
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Enceladus Round Table/Debate 
 
 

Chris McKay, NASA Ames, moderator 
Enceladus as an important target for astrobiology 
 
Chris Glein, SwRI San Antonio 
Possibility of a habitable but uninhabited body  
 
Alfonso Davila, SETI Institute 
Origin of life – second genesis – life not like Earth life  
 
Amanda Stockton, Georgia Tech 
Instrumental approaches for detecting life (as we know it) 

 





Purpose	
  and	
  scope	
  
Woods Hole Oceanographic Institure 

August  25-26, 2016 

MEETING LOCATION AND DATE 
The second annual ocean worlds meeting will be held August 25-26, 
2016, at take place at the Whoods Hole Oceanographic  Institute … 
 
PURPOSE AND SCOPE 
Foster cooperation between the oceanographic community and the 
planetary science community for the exploration of ocean worlds and 
test ideas and models for the emergence of life.  
Ocean worlds are possibly the best place to search for extant (living) 
life and a second, independent origin. We are on the brink of 
revolutionizing biology. Comparative oceanography (Earth, Europa, 
Enceladus, Titan) will spark new discoveries and insights regardless 
of habitability 
 
MEETING FORMAT 
The two-day meeting will consist of oral presentations invited from 
submitted abstracts, followed by an evening poster discussion 
session. Due to limitation of the venue (60-90 people), the organizing 
committee may have to establish a waiting list 

INSTITUTIONAL SUPPORT 
Whoods Hole 
Oceanographic Institute, 
WHOI 
 
Jet Propulsion Laboratory, 
California Institute of 
Technology, JPL-Caltech 
 
National Aeronautics and 
Space Administration, 
NASA 
 
CONVENERS 
Chris German (WHOI) 
Christophe Sotin (JPL) 
Jim Bellingham (WHOI), 
Kevin Hand (JPL) 
Gretchen McManamin 
Gregg Vane 
Bobby Braun, 
Jonathan Lunine 
….. 
 



Scien8fic	
  &	
  Technical	
  Mo8va8on	
  and	
  
Framework	
  for	
  Ocean	
  Worlds	
  

Exploration of Ocean Worlds is an interdisciplinary endeavor: biology, chemistry, physics, 
geology, oceanography, and planetary science. Each discipline has its own language and 
there is a need to understand each other’s language. 
 
Learn about 

•  the diversity of fluid/rock interaction settings on the terrestrial sea-floor 
•  the conditions that prevail at the ocean/rocky core interface on extraterrestrial ocean 

worlds 

Investigate how what we know on Earth can apply to extraterrestrial ocean worlds 
 
What technology already developed for terrestrial oceanography could apply to 
extraterrestrial exploration 
 
What measurements and technology demonstration are needed 
 



Program	
  

Key scientific aspects of Oceans on Earth  
 
Key scientific aspects of Oceans beyond Earth 
 
System-wide Approaches to Ocean Exploration on Earth 
 
Ocean Worlds Technologies: Core components  
 
Key technologies for Ocean Exploration beyond Earth   
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  Ocean	
  Conference,	
  San	
  Juan	
  Capistrano,	
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Ocean	
  Worlds	
  “0”	
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The Ocean Worlds"
                     Gravity         Induced       Libration     Obliquity     Geology    Plumes!
"
"
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Prelim Findings - Technology 
•  What technologies for what scale 

–  Time, space & mass? 

•  Instrumentation 

–  Which tools are cross purpose? 

–  What are the science drivers? E.g., GCMS 

•  How useful has remote sensing been for Ocean Exploration? 

–  What if the oceans were transparent? 

–  Radio wavelengths: Titan’s sea are transparent – seafloor maps 
can be acquired from orbit or airborne platform 

•  Clipper payload – earth ocean community thoughts on selected 
payload. Making the most of the datasets that we will generating. 

•  Experiments that can be done in the lab will be better informed once 
this community better understand the payload. 

•  Getting people less involved in the PS community into the field 



Prelim Findings - Technology 
•  Lander goals – input from this community would be useful. 

•  Lander: productivity, what’s the right trade in autonomy versus GITL so as to 
optimize sample selection. Seismometry 

•  Replace specialized sensors with additional computation – is that a way to 
optimized limited resources? Event detection. 

•  What are the technology taboos? E.g., nuclear systems. Reintroduce these 
kinds of ideas/technology. 

•  EO: Limitations on imaging – data rates; storing and then forwarding 

•  Analog research has intrinsic ‘offsets’ whereas vents may well be more 
‘authentic’ than what we are used to. 

•  Boots (wheels) on the ground experience has benefited the Mars community 
greatly.  

•  Antarctica is low hanging fruit and moving too slowly – collaborative effort 
across agencies could be helpful. 

•  Remote, electro-optically linked, natural laboratory centered on an active mid-
ocean ridge volcanic center, could be a powerful test-bed for developing robust, 
exportable undersea AI-based sensor-robotic platforms designed (and tested) 
for exploration of thermally active sea floor systems on other ocean worlds. 
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Shark Cams  

Ocean	
  Observatory	
  Ini8a8ve:	
  Instrument	
  arrays	
  that	
  combine	
  surface	
  and	
  
sub-­‐surface	
  bouys,	
  moorings,	
  gliders,	
  driQers,	
  and	
  shipboard	
  measure-­‐
ments	
  that	
  can	
  monitor	
  many	
  complementary	
  ocean	
  processes.	
  



Prelim Findings - Science 
•  Habitability & Chemical Disequilibrium vs Chemical Equilibrium and 

Biosignatures: What is the energetic biosignature of an inhabited system. 
Has it been ‘Shocked’ (in the Everett sense)? 
–  New vents, new chemistries: Abiotic organics versus biological 

materials, e.g., Lost City, FT synthesis 
–  Abiotic methane is a key link between ocean worlds 
–  Mineral evolution and diversity; higher mineral diversity on earth is 

linked to life; Roughly half of earth’s minerals 
•  Ocean modeling/circulation – what experiments are needed to advance the 

models? 
•  Humans use the same sensors for navigation/autonomy as we do for 

‘science’; i.e., exploration payload = science payload. 
•  Advances in Earth ocean capabilities are making the idea of getting into 

Europa’s ocean seem more feasible than even just 10 years ago. 
•  Methane and molecular hydrogen are cross ‘signatures’ 
•  Do we debate or think that biochemistry is the same across our solar 

system? 
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Big Picture 

•  Two relatively unconnected fields in the late 1990’s — Deep Sea 
Research on Earth and Outer Solar System Exploration —  now 
have increasingly common ground (…seas) 

•  General excitement of the Ocean Worlds Meeting at WHOI was 
evident to all who attended. Organizers deserve much credit for 
putting together a stimulating ensemble of proponents for the 
long-term study of oceans in our solar system.  It is a 
tremendously exciting field that has the potential to galvanize 
many young people across the world, with bold, long-range 
visions that will outlive all of us.   

•  A 3rd Ocean Worlds Meeting could occur next year. A possible 
focus could be the synergy between technologies and 
methodologies for exploring the Earth’s ocean and the 
extraterrestrial oceans. 
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hUps://vimeo.com/177182335	
  


