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  mechanisms	
  of	
  energy	
  flow	
  from	
  the	
  	
  

lithosphere	
  to	
  the	
  biosphere	
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  Life	
  
Defining	
  processes	
  and	
  pathways	
  that	
  may	
  give	
  rise	
  to	
  life	
  in	
  serpen:nites	
  in	
  our	
  solar	
  system	
  

How	
  do	
  the	
  mechanisms	
  of	
  low	
  temperature	
  water/
rock	
  reac6ons	
  control	
  the	
  distribu6on,	
  ac6vity,	
  and	
  

biochemistry	
  of	
  life	
  in	
  rock-­‐hosted	
  systems?	
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Water/Rock	
  Interac8on	
  

H2-­‐based	
  ecosystems	
  on	
  Mars,	
  Europa	
  and	
  beyond	
  
from	
  reac:on	
  of	
  water	
  with	
  mafic	
  &	
  ultramafic	
  rocks?	
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In format provided by Martin et al. (NOVEMBER 2008)

Caprock

Breccia

(M
g,F
e) 2
Si
O 4
+ H 2

O
+ C

Mg 3
Si
O 5
(O
H) 4

+ M
g(
OH
) 2
+ F
e 3
O 4
+ H 2

+ C
H 4
+ C
2 -
C5

60-91°C
pH 10-11, CH4: 1-2 mM, H2 = 10-15 mM

Anaerobic methane-oxidizing archaea

7-20°C
pH 9-11, CH4: 1-2 mM, H2 = 10-15 mM

POSEIDON

conductive
cooling

Serpentinization
110-150°C

CO
2a
q
+ [
2 =
(m
/2n
)]H 2

(1/
n)
Cn
Hm

+ 2
H 2
O

Fissures

Seeps

Poseidon

SEEPS

S1 | Schematic illustrating the geological, hydrothermal, chemical and biological relationships within the Lost City Hydrothermal Field. Fluids 

migrating into the massif interact with olivine-rich ultramafic rocks at temperatures up to 200°C. This process results in the generation of pH 9-11 fluids, rich 

in methane, hydrogen and hydrocarbons. Aragonite, calcite and brucite are deposited to form chimneys as the metal-poor, 40-91°C hydrothermal fluids mix 

with cold seawater. The warm porous interiors of the chimneys host dense biofilms dominated by a single phlyotype related to Methanoscarcinales. 

Surprisingly, animal communities are mostly limited to meiofauna, < 1-2 cm in size that are dominated by gastropods and amphipods, a variety of polychaetes, 

and rare bivalves. Image produced in collaboration with the Center for Environmental Visualization, University of Washington, USA.
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Habitability	
  and	
  life	
  
ac$vity	
  in-­‐situ	
  during	
  
	
  low-­‐temperature	
  
serpen6niza6on?	
  

	
  	
  4H2	
  +	
  CO2	
   	
   	
  	
  CH4	
  +	
  2H2O	
  
e.g.	
  microbial	
  methanogenesis	
  

Coupled	
  Geological	
  and	
  Biological	
  
H2-­‐produc8on	
  and	
  consump8on	
  



RPL	
  “Conundrums”	
  
Rates,	
  pathways	
  and	
  extent	
  of	
  low-­‐T	
  H2	
  genera:on?	
  

	
  

Theore8cal	
  vs.	
  experimental	
  measures	
  of	
  	
  
H2	
  produc8on	
  rate	
  

Mechanis8c	
  models	
  for	
  Fe(II)-­‐driven	
  
interfacial	
  electron	
  transfer	
  

Mayhew	
  et	
  al.	
  2013	
  



RPL	
  “Conundrums”	
  
Rates	
  of	
  electron	
  transfer	
  à	
  Impact	
  on	
  habitability	
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Capacity	
  of	
  low-­‐temperature	
  systems	
  to	
  generate	
  habitable	
  condi8ons	
  –	
  
and	
  are	
  they	
  inhabited?	
  



RPL	
  “Conundrums”	
  
Explana8on	
  for	
  high	
  H2,	
  CH4	
  and	
  organic	
  acids	
  in	
  low-­‐T	
  systems?	
  	
  

Microbial	
  H2	
  produc8on	
  or	
  consump8on?	
  
Where	
  are	
  the	
  methanogens	
  in	
  serpen8nites?	
  

Biochemical	
  pathways	
  under	
  oxidant	
  limited	
  condi8ons?	
  
	
  

H2,	
  CH4	
  and	
  organic	
  acids	
  in	
  Oman	
  springs	
  
Canovas	
  et	
  al.,(in	
  prep),	
  Robinson	
  et	
  al.	
  (in	
  prep)	
  

Hyperalkaline	
  spring	
   ([Ni-­‐Fe]-­‐hydrogenase	
  large	
  
subunit	
  phylogene:c	
  tree)	
  
Boyd	
  et	
  al.	
  2014	
  	
  

Geochemical	
  correla:ons	
  for	
  
Hydrogenophaga	
  and	
  
Erysipelothrix	
  in	
  Tablelands:	
  
Brazelton	
  et	
  al.	
  2013	
  



v  Defining	
  the	
  pathways	
  that	
  control	
  how	
  energy	
  is	
  released	
  from	
  
ultramafic	
  rocks	
  as	
  they	
  react	
  with	
  low-­‐temperature	
  fluids	
  
	
  

v  Iden:fying	
  and	
  interpre:ng	
  the	
  process	
  rates	
  and	
  ecology	
  in	
  
systems	
  undergoing	
  low-­‐temperature	
  serpen:niza:on	
  
	
  

v  Characterizing	
  microbial	
  communi:es	
  within	
  rock-­‐hosted	
  
ecosystems	
  and	
  evalua:ng	
  their	
  metabolic	
  ac:vi:es	
  
	
  

v Quan:fying	
  the	
  geochemical	
  and	
  mineralogical	
  progression	
  of	
  
water/rock	
  reac:ons	
  in	
  the	
  presence	
  and	
  absence	
  of	
  biology	
  
	
  

v  Developing	
  and	
  tes:ng	
  predic:ve	
  models	
  of	
  biological	
  habitability	
  
during	
  water/rock	
  interac:on	
  

Rock-­‐Powered	
  Life	
  NAI	
  Objec8ves	
  



•  Theme	
  1:	
  Systems	
  undergoing	
  low-­‐temperature	
  serpen:niza:on	
  as	
  
test-­‐beds	
  for	
  determining	
  habitability.	
  

	
  	
  
•  Theme	
  2:	
  Experimental	
  constraints	
  on	
  pathways	
  of	
  W/R	
  

interac:on,	
  in	
  the	
  presence	
  and	
  absence	
  of	
  biological	
  processes.	
  

Rock-­‐Powered	
  Life	
  NAI	
  Team	
  



Capitalizing	
  upon	
  unique	
  &	
  $mely	
  opportuni$es	
  to	
  conduct	
  studies	
  in	
  serpen$nizing	
  systems	
  
in	
  the	
  California	
  Coast	
  Range	
  Ophiolite,	
  the	
  Samail	
  Ophiolite	
  of	
  Oman,	
  and	
  the	
  Atlan$s	
  Massif	
  

RPL	
  Theme	
  1	
  

CROMO	
  (est.	
  by	
  the	
  NAI	
  DDF)	
   Atlan8s	
  Massif	
  (ECORD)	
  



A	
  down	
  gradient	
  borehole	
  system	
  to	
  develop	
  a	
  full	
  quan8ta8ve	
  framework	
  
for	
  assessing	
  habitability,	
  quan8fying	
  coupled	
  geochemical	
  and	
  biochemical	
  

feedbacks,	
  and	
  structuring	
  of	
  the	
  microbial	
  community	
  func8on	
  and	
  
ac8vity,	
  can	
  be	
  rigorously	
  established.	
  	
  

Oman	
  Drilling	
  Project	
  (ICDP,	
  Sloan)	
  
With	
  Kelemen,	
  Ma^er,	
  Teagle	
  et	
  al.	
  

RPL	
  Theme	
  1	
  
Systems	
  undergoing	
  low-­‐temperature	
  serpen:niza:on	
  	
  

as	
  test-­‐beds	
  for	
  determining	
  habitability	
  



	
  Generate	
  low	
  flux	
  of	
  H2	
  &	
  organic	
  acids	
  during	
  Perido6te/Water	
  Interac6on	
  
à  	
  	
  Experimental	
  inputs/outputs	
  of	
  Habitability	
  modeling	
  
à  	
  	
  Microbial	
  physiology,	
  growth	
  &	
  gene	
  expression	
  during	
  water/rock	
  reac6on	
  
à	
  	
  	
  Geochemical	
  transforma6on	
  &	
  produc6on	
  of	
  biomarkers	
  
	
  
	
  

	
  
RPL	
  Theme	
  2	
  

	
  
Experimental	
  Constraints	
  on	
  pathways	
  of	
  W/R	
  interac8on	
  	
  

in	
  the	
  presence	
  and	
  absence	
  of	
  biological	
  processes	
  	
  
	
  

Recent	
  successes	
  in	
  cul$va$on	
  of	
  serpen$nite	
  organisms	
  



Tool	
  Development	
  &	
  Applica8on	
  
Chemical	
  imaging	
  &	
  Biomarkers	
  	
  
(X-­‐ray,	
  EDS,	
  Raman,	
  IR,	
  magne:c,	
  
isotopologues)	
  

Physiology	
  à	
  “-­‐Omics”:	
  	
  
process-­‐rate	
  measurements;	
  	
  
metagenomics	
  and	
  transcriptomics	
  of	
  the	
  RHC;	
  
tracking	
  flows	
  of	
  C	
  and	
  energy	
  at	
  a	
  single-­‐cell	
  level.	
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•  Center	
  of	
  astrobiology	
  at	
  CU	
  for	
  16+	
  years.	
  

•  Par:cipa:on	
  from	
  >30	
  faculty	
  and	
  many	
  more	
  students	
  from	
  greater	
  than	
  a	
  half-­‐dozen	
  departments	
  and	
  research	
  ins:tutes	
  spanning	
  
the	
  physical	
  sciences,	
  chemistry,	
  the	
  biological	
  sciences,	
  and	
  the	
  humani:es.	
  

•  Acts	
  as	
  a	
  central	
  umbrella	
  to	
  coordinate	
  undergraduate	
  and	
  graduate	
  astrobiology	
  research,	
  teaching,	
  and	
  outreach	
  ac:vi:es.	
  	
  

•  CU-­‐CAB	
  will	
  work	
  closely	
  with	
  the	
  Rock	
  Powered	
  Life	
  Team:	
  
–  Engaging	
  Na:ve	
  American	
  Tribal	
  Colleges	
  to	
  bring	
  astrobiology	
  to	
  the	
  underserved.	
  
–  Construc:on	
  of	
  a	
  distributed	
  Astrobiology	
  undergraduate	
  ‘virtual	
  minor’	
  
–  Expand	
  the	
  graduate	
  cer:ficate	
  program	
  in	
  Astrobiology	
  through	
  CU-­‐Boulder	
  
–  The	
  development	
  of	
  an	
  Astrobiology	
  teaching	
  module	
  for	
  inclusion	
  in	
  the	
  summer	
  Interna:onal	
  Geobiology	
  Course.	
  
–  The	
  training	
  in	
  effec:ve	
  mentoring	
  techniques	
  of	
  graduate	
  students	
  through	
  the	
  SAGANet	
  mentoring	
  program.	
  

Rock-­‐Powered	
  Life	
  
Defining	
  processes	
  and	
  pathways	
  that	
  may	
  give	
  rise	
  to	
  life	
  in	
  serpen:nites	
  in	
  our	
  solar	
  system	
  


