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Objective 
Evaluate the Sources of Elevated salinity 

& 3He anomalies at the Southern 
Albuquerque Basin Terminus using 

mathematical modeling 

High Salinity         Less potable water & smaller  
        crop yields 

            Upwelling basin brines at    
                   Constriction or fault Controlled? 
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“Continental Smokers” 
•  Fluid vents 

–  Transport deeply derived fluids to surface 
–  Occur in active extensional zones 

•  Mantle Volatiles in RGR 
–  3He (primordial origin) 

•  Tracer for mantle gas 

–  Highly saline mantle fluids 

•  Hydrologic model 
–  Deep, Basin-Scale 
–  Geochemical & thermal tracers  
–  Flux through conduit 

Black Smoker on MOR 



RGR Basins 
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Geologic 
Setting 

Williams	
  et	
  al.,	
  [in	
  prep]	
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Rio Grande Salinity Increase 
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Groundwater Circulation 

Arrows indicate direction of groundwater flow 
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Socorro Magma Body 12	
  stra?graphic	
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Hydrologic Window 
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Indian Hill, San Acacia	
  



Water Chemistry Analysis 
Supersaturated	
  w/	
  respect	
  to	
  	
  

gypsum	
  (Ca-­‐SO4)	
  
	
  Ca:	
  500	
  mg/L	
  	
  
	
  SO4:	
  7,000	
  mg/L    

	
  	
  	
  	
  	
  	
  	
  	
  	
  Elevated	
  levels:	
  

(Concentra=on	
  through	
  	
  

evapora=on)	
  

	
  CO2	
  ,	
  trace	
  metals	
  

	
  Cl:	
  32,000	
  mg/L	
  
	
  Na:	
  27,000	
  mg/L	
  	
  

	
  	
  	
  	
  ~	
  20	
  TDS	
  (ppt)	
  
	
  	
  	
  	
  	
  	
  3He/4He	
  ra?o:	
  0.26	
  R/RA	
  

Williams	
  et	
  al.,	
  [in	
  prep]	
  

Crustal	
  (radiogenic)	
  R/RA	
  	
  ~	
  0.02	
  ±	
  0.01	
  
Mantle	
  component	
  	
  	
  R/RA	
  	
  >	
  0.1	
  



Alternate Hypothesis: Dike Conduit	
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N
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  Ψ

	
  =
	
  0
	
   N

o	
  flow
	
  boundary,	
  Ψ

	
  =	
  0	
  

Basal	
  heat	
  flux	
  80	
  mW/m2	
  	
  

Topography	
  driven	
  flow	
  system:	
  surface	
  head	
  based	
  on	
  water	
  table	
  eleva?on	
  

3He/4He	
  =	
  8	
  RA	
  	
  	
  applied	
  at	
  base	
  	
  

Ψ	
  =	
  20	
  mm2/yr	
  

Ini?al	
  Geothermal	
  Gradient	
  =	
  	
  40oC/km	
  

Ini?al	
  TDS	
  gradient	
  =	
  1.15	
  ppt/km	
  



Temperature��
1million year simulation   

Ini?al	
  Geothermal	
  Gradient	
  =	
  	
  40oC/km	
  

*T	
  =	
  1200oC	
  	
  at	
  SMB	
  (con?nuously	
  injec?ng)	
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Uplift  1million year simulation   
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Brine Concentration��
1 million year simulation  
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Streamlines ��
1 million year simulation 

Ψ	
  =	
  20	
  mm2/yr	
  
Flux	
  rate	
  constrained	
  by	
  solute	
  (He)	
  transport	
  and	
  temp.	
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Helium Isotopes��
1 million year simulation 
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•  Salinity	
  and	
  3He	
  anomalies	
  at	
  basin	
  boundary	
  are	
  
related	
  	
  

•  Deep	
  and	
  permeable	
  conduit	
  system/fault	
  zone	
  
necessary	
  in	
  advec?ve	
  transport	
  of	
  3He	
  to	
  the	
  
surface	
  

•  Highly	
  saline	
  mantle	
  fluids	
  mixing	
  with	
  deep	
  
sedimentary	
  basin	
  brines	
  to	
  account	
  for	
  salinity	
  
increase	
  in	
  Rio	
  Grande	
  	
  

Conclusions��



Future Work 
-  Constrain Age of SMB Emplacement 

- Fieldwork in San Acacia 

•  Distributed	
  temperature	
  sensing	
  (DTS)	
  experiment	
  

•  Collect	
  T	
  data	
  and	
  water	
  samples	
  along	
  transect	
  of	
  Rio	
  
Grande	
  at	
  basin	
  boundary	
  

•  Looking	
  for	
  spike/drop	
  in	
  T	
  that	
  correlates	
  with	
  high	
  
salinity	
  to	
  iden=fy	
  seepage	
  loca=ons	
  


