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Abstract 

 

Lithium is the element of choice in battery development to support the energy transition. Traditionally it is mined as spodumene ore or 

concentrated from lithium-rich brines in high altitude salars as in Chile and Argentina. Both these techniques have considerable negative 

environmental impact, and in the case of the salars it requires years to generate the final product. However, recent developments in direct 

lithium extraction from brines (DLE) allow extraction of lithium in only days from brines pumped from deep aquifers with minimal 

environment impact. While DLE technologies can in principle extract lithium from any brine, in practice a high lithium content is essential for 

a potentially commercial venture: most workers consider a lithium grade of 100 ppm (preferably 200) to be a minimum. This paper will present 

a global review of the lithium content in subsurface brines, geothermal brines and mud volcanoes (outside of the US), highlighting areas with 

potential to meet this threshold, such as European hot-spots (Rhine Valley, Italy, Poland, Hungary, Cornwall), and portions of Russia, China, 

Mexico and Australia, among others. In a developing industry, the key to long-term success is to be the low-cost provider. While there are 

multiple critical above-ground factors, a sound definition of the sub-surface is essential, necessitating the deployment of the classical 

geological and geophysical skills, and thus the employment of the geoscience community. The paper will present an overview of how classical 

play analysis methodology as utilized in the oil and gas industry can be adapted to define the lithium ‘sweet spots’ within prospective aquifers. 

As an illustration of the technique, the paper will review the analysis of the Smackover Formation in Arkansas, a global leader and a play 

where majors such as Exxon and Equinor have recently taken significant positions. Here, Exxon has already completed an appraisal drilling 

campaign hoping to establish commercial production by 2027. The Arkansas Smackover play has a large database of brine analyses including 

lithium concentration and a comprehensive suite of well logs allowing detailed mapping of the critical subsurface parameters (primarily 

reservoir storage, deliverability and connectivity). These maps can subsequently be divided into ‘equi-value’ segments, in the style of classic 

‘CRS’ type maps, illustrative of ‘hot-spots’ for each parameter. Merging of these maps generates a play map ranking the target area based on 

an appropriate combination of these input parameters (a ‘CCRS’ map equivalent), thereby defining the overall play sweet spot. The paper will 

relate the acreage position of key players in the area, and their recent drilling activity, to the sweet spot. The learnings from this analysis 

provide a basis for the detailed evaluation of other areas with lithium-rich brines where the subsurface database is less developed. Additionally, 

it is evident that there is a substantial bias in the lithium brine dataset to areas of historic hydrocarbon exploration and production activity. An 

understanding of the key drivers impacting the development of a lithium rich brine (what is the original source, how does the lithium become 

concentrated, how it is preserved) can allow the identification of additional settings with potential for lithium-enriched brines, as yet un-

assessed. 


