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The Experiment  

•  “Experimental	
  constraints	
  on	
  the	
  evapora9on	
  of	
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  oxidized	
  
acid-­‐	
  sulfate	
  waters	
  at	
  the	
  mar9an	
  surface”	
  

	
  by:	
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  J.	
  Tosca,	
  ScoF	
  M.	
  McLennan	
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  et	
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  73	
  (2009)	
  1205–1222	
  

• Analyzing	
  minerals	
  on	
  Mars	
  suggest	
  that	
  a	
  significant	
  por9on	
  of	
  its	
  
geologic	
  history	
  was	
  characterized	
  by	
  the	
  presence	
  of	
  brines	
  

• Within	
  these	
  saline	
  deposits	
  are	
  enriched	
  with	
  Fe-­‐sulfates	
  

•  Trying	
  to	
  quan9fy	
  sulfate	
  mineral	
  forma9on	
  during	
  evapora9on	
  
processes	
  occurring	
  at	
  the	
  mar9an	
  surface	
  



Goals 

•  Iden9fy	
  Precipitates	
  
•  Iden9fy	
  kinema9c	
  factors	
  that	
  within	
  the	
  experiment	
  on	
  the	
  
produc9on	
  of	
  precipitates	
  

• Compare	
  the	
  experimental	
  results	
  to	
  observa9ons	
  of	
  sulfate-­‐	
  bearing	
  
deposits	
  iden9fied	
  on	
  Mars	
  

• Compare	
  experimental	
  results	
  to	
  geochemical	
  modeling	
  simula9ons	
  
of	
  evapora9on	
  processes	
  at	
  the	
  surface	
  of	
  Mars.	
  With	
  the	
  calcula9on	
  
of	
  evaporate	
  minerals,	
  new	
  constraints	
  may	
  be	
  placed	
  on	
  the	
  
habitability	
  of	
  evaporate	
  -­‐	
  bearing	
  locali9es	
  



Controls 

•  Focus	
  on	
  dilute	
  substances	
  that	
  have	
  not	
  been	
  affected	
  by	
  clay	
  
precipita9on	
  

• Hema9te	
  and	
  Goethite	
  were	
  suppressed	
  in	
  all	
  models	
  	
  



Problems for Geol 428 

•  The	
  authors	
  used	
  Fe	
  redox	
  not	
  at	
  equilibrium	
  

•  This	
  class	
  only	
  deals	
  with	
  modeling	
  that’s	
  in	
  equilibrium	
  



Focus 

•  There	
  focus	
  was	
  to	
  inves9gate	
  the	
  effect	
  of	
  Fe	
  redox	
  disequilibrium	
  on	
  
the	
  resul9ng	
  mineral	
  assemblage	
  produced	
  upon	
  evapora9ve	
  
concentra9on	
  

• Mineral	
  –	
  water	
  equilibrium	
  
• Using	
  one	
  dilute	
  solu9on	
  



Basis for Fluid Composition 

•  Fluid	
  is	
  derived	
  from	
  the	
  acidic	
  chemical	
  weathering	
  of	
  synthe9c	
  
mar9an	
  basalt	
  

•  From	
  Mars	
  Pathfinder	
  

• Basalt	
  is	
  olivine-­‐	
  bearing	
  and	
  contains	
  clinopyroxene,	
  Fe-­‐	
  Ti	
  oxides	
  and	
  
a	
  minor	
  component	
  of	
  inters99al	
  glass	
  





How did Tosca and 
McLennan do this? 
•  25	
  degrees	
  C	
  
•  Water	
  chemistry	
  was	
  calculated	
  throughout	
  
evapora9on	
  process	
  

•  Vacuum	
  over	
  the	
  headspace	
  

•  Precipitate	
  chemistry	
  calculated	
  with	
  SEM	
  





Tosca and McLennan’s SI’s 



Continuation 



Issues with Results 

In	
  aFemp9ng	
  to	
  reproduce	
  their	
  results	
  my	
  	
  
	
  -­‐	
  pH	
  was	
  not	
  as	
  low	
  
	
  -­‐	
  Gypsum	
  was	
  not	
  dehydrated	
  completely	
  



Modeling Mars Atmosphere 

• According	
  to	
  Mahaffy	
  et	
  al.,	
  The	
  atmosphere	
  of	
  Mars	
  is	
  roughly	
  600	
  
pascals	
  and	
  96%	
  of	
  those	
  pascals	
  are	
  CO2	
  

• Conver9ng	
  pascals	
  to	
  atm	
  for	
  par9al	
  pressures	
  

Mahaffy	
  et	
  al.,	
  2013	
  



Theory: Adding CO2 

•  .0056	
  atm	
  CO2	
  added	
  to	
  the	
  solu9on	
  



Theory: Adding a Species to PHREEQ 
Database 
•  To	
  observe	
  precipitates	
  



 Here on Earth 

• Closest	
  brine	
  the	
  solu9on	
  resembles	
  is	
  acid	
  mine	
  drainage	
  because	
  
Fe-­‐	
  bearing	
  minerals	
  are	
  more	
  complex	
  










