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Critical Minerals Workshop
of the southern Midcontinent

Prospecting for Critical Minerals and Recoverable 
Elements in southern Midcontinent Brines



USGS Produced Waters Geochemical Database



Critical and Industrial Minerals/Elements
Critical minerals (CM) – elements that are critical to US economic and national security because they 
have important uses, no viable substitutes, and face potential disruption in supply – 54 CM

Industrial minerals (IM) – naturally occurring 
element of economic value – 9 IM



Critical and Industrial Minerals/Elements

From USGS National Minerals Information Center
https://www.usgs.gov/centers/nmic/commodity-statistics-and-information#I

https://www.usgs.gov/centers/nmic/commodity-statistics-and-information#I


Example CM: Lithium

Kesler et al, 2012

Gruber et al, 2011



Top Prospects in Brine of Oklahoma & Arkansas

From USGS National Minerals Information Center
https://www.usgs.gov/centers/nmic/commodity-statistics-and-information#I

https://www.usgs.gov/centers/nmic/commodity-statistics-and-information#I
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According to OAC 165:10-5-5 (OCC, 
2016), UIC applications (Form 1015) 
shall be accompanied by:

(5C) Qualitative and quantitative 
analysis of fresh water…

(5D) Qualitative and quantitative 
analysis of representative sample of 
water to be injected. The analysis shall 
include at a minimum chloride, sodium, 
and total dissolved solids.

Theoretically, there are about 15,000 PW samples/analyses



OK PWQ Sample (2009-2018)
Other or Unspecified
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Critical and Industrial Minerals/Elements in OK dbase



Critical and Industrial Minerals/Elements in OK dbase

Collins & Egleson, 1967



Critical and Industrial Minerals/Elements
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Pretreatments Include:
*Bag Filter
*Settling Pond
*Gravity Separation Tank
*Biocide
Micro/Ultra Filtration
Electrocoagulation
Hydrocyclone
Dissolved Air Flotation
Nanotechnology
Bioreactors

*before all HF jobs

Desalination Systems Include:
Evaporation
Reverse/Forward Osmosis
Ion Exchange
Membrane Distillation
Multi-Effect Distillation
Multi-Stage Flash Distillation
Mechanical Vapor Compression

Approach

Electrocoagulation

Ion Exchange
Pre-

treatment 
(aka treat 
to clean 
brine)

O&G H2O Management Flowchart: Water Reclamation



Treatment and Concentrated Brine

Shamansouri et al, 2015



Resource Recovery

Ahmadun et al, 2009



What are the median and 
75th% concentrations for 
total Radium?

How do they compare to 
MCL

Because of the human 
health risks associated with 
the ingestion of Ra and 
inhalation of its daughter 
products (e.g., Rn), total Ra 
activity (226Ra + 228Ra) for 
public water supplies is not 
to exceed 5 pCi/L or ~11.1 
disintegrations per minute 
per kilogram (dpm/kg).

Naturally Occurring Radioactive Materials (NORM)

GWPC, 2020



Naturally Occurring Radioactive Materials (NORM)

Sturchio, 2001



Naturally Occurring Radioactive Materials (NORM)

Sturchio, 2001

What has the strongest 
correlation with 226Ra?

Or could be used to 
qualitatively assess 
NORM?



Naturally Occurring Radioactive Materials (NORM)

USGS, 1999



• Numerous Critical and Industrial Minerals/Elements (CM/IM) are present in 
produced water or brine at concentrations with potential for resource recovery

• Data collection, compilation, and reporting on PW quality would help for 
development of domestic “recoverable elements”

• Research on the why – origin and enrichment of CM/IM in brine – is needed

Pairing produced water treatment with resource recovery:
• CM/IM are already concentrated by treatment processes
• NORM are also concentrated in brine, scale deposits, and solid waste – so must 

be carefully managed for health and safety

Summary
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