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Outline 

• Why produced waters? 

• REE importance 

• Study areas: WRB, PRB, Ponds 

• How REEs are presented 

• Data by Basin & Field 

• Relationship to possible ligands 



Produced waters are perfect 

Oil and Gas wells 
High Volume, 
Pre-developed, 
Hot, and Saline 
 
Aqueous mining 
turns salinity into 
a resource 



REE Importance 

 
 
 
 
 
Needed for current technology economy 
Past Water-Rock interactions 

• Offer tracing opportunity 
• Sources and authigenic tracking 
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Ongoing REE Work 
N ≈ 150 



Study Area for this talk 

Wind     
River Basin 

 
Powder 
River Basin 

 
Power 
Stations 

N = 28 



Strata 

WRB: 
Young- 
Very Old 
Shallow- 
Deep 
 
PRB: 
East- 
West 



Isotopes: δD, δO¹⁸ 

Right of GMWL 
δO¹⁸ isotopes 
heavy enriched 

 
Prolonged Rxn 
with Rock 

Non-Meteoric 
water 



Heat in WRB 

English BHT 
records 
 
1°F/ 70ft 
 
2 groups 
 
Coal 
 
 
 
 



Plot in F-block order 
Saw-tooth 
Normalize 

How REE data are presented 

Light REEs            Middle REEs              Heavy REEs 
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How REE data are presented 

Plot in F-block order 
Saw-tooth 
Normalize 
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WRB: 
175°C & 215°C 
 
     TDS 

Basin REE 
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USDW 



PRB: 
115°C 
 
     TDS 

Basin REE 
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Ash-Ponds: 
1270→300→20°C 
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Ligands 

Migdisov et al 2016 
ppm of: 
Cl⁻ Br⁻ HCO₃⁻ 
ppt of: 
total REE 



Conclusions 

REE exist in solution and can be measured  
δO¹⁸ isotopes show prolonged rock interaction 
Geothermal gradient may be high due to coal 
Each study area has a unique signature: 
   Eu - WRB, Gd - PRB, HREE - Ash Ponds 
Produced water have local HREE behavior 
Total REE in wells may relate to ligands 
Role of depositional environment 
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Questions? Comments? 

New project 
 
More data 
collection 
 
Guidance? 
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PRB 

Detection Above Blank 

 
 
 
 
 
WRB 
 

Power 
Stations 



Isotopes from Water-Rock 



Isotopes from Water-Rock 



Complex Transport 

In Power stations the REEs may move with SO4 
or OH? (basic) 

In Produced waters the REEs may move with Cl 
or (Bi)Carbonate (neutral acid) 







Isotopes: δC¹³ 

Show Formation even though REEs don’t 



Gd From Ocean to Rock to Water 



  Gd and MRI 

Gd in near-city waters 
can indicate Hospitals 
with MRIs …. but…. 

 
No hospitals 75ma (rock) 
nor even ~2ka (water) 

 
Recycled frac/mud? 


