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Introduction—Forging the Plan

Lithium has garnered significant interest in recent years as

it is an essential constituent in lithium-ion batteries—a nec-

essary component in the plan to decarbonize energy infra-

structure in the coming decades. Having been deemed a

critical mineral for the future clean energy economy (Natu-

ral Resources Canada, 2021), it is important to catalogue

prospective lithium resources and explore possible syner-

gies with existing oil and gas operations to benefit the forth-

coming electrified economy.

Formation waters collected from oil and gas wells have

been tested for lithium content but currently only a handful

of sites with lithium data exist within the public domain in

British Columbia (BC; Eccles and Jean, 2010), compared

to the more than 100 and 1500 sites in Saskatchewan and

Alberta, respectively (Figure 1; Eccles and Jean, 2010;

Jensen, 2012, 2016; Jensen and Rostron, 2017). This sparse

BC dataset necessitates additional sampling and analysis of

lithium deposits throughout the province to garner a better

understanding of lithium concentration and the geological

mechanisms driving enrichment. This study, which is a

joint venture between Canadian Discovery Ltd. (CDL) and

Matrix Solutions Inc. (Matrix), aims to deliver an initial in-

ventory dataset of lithium and other dissolved-metal brine

data in northeastern BC through a large-scale sampling pro-

gram. The study will involve attempts to collect and ana-

lyze water samples from approximately 350 to 500 oil and

gas wells throughout active oil and gas fields in northeast-

ern BC, targeting key reservoirs from the Cretaceous to De-

vonian. This foundational dataset will be incorporated into

the broader geological context of northeastern BC to reveal

preliminary de-risking parameters for future exploration

initiatives. This study is currently in its preliminary stages

with the initial scoping process completed and the site ac-

cess negotiations underway with field sampling slated to

commence following completion of access agreements.

The final report is scheduled to be completed in the spring

of 2023. Defining current lithium concentrations and quan-

tities in subsurface brines enables the evaluation of novel

resource potential, which will use existing infrastructure

and expertise in current operations, while supporting job

creation and development in an emerging industry.

Background

Lithium occurs naturally in a variety of rock types, brines

and groundwater; however, most concentrations are not

economic. The content of lithium in the Earth’s upper crust

has been estimated to be between 20 and 70 ppm by weight

(Kamienski et al., 2004). Lithium enrichment occurs in fel-

sic continental crust, with particular appreciations in highly

differentiated granites and pegmatites. Lithium brine de-

posits by contrast are saline groundwater accumulations

that are enriched in dissolved lithium, often orders of mag-

nitude higher than background oceanic concentrations of

approximately 0.1 ppm. Globally these are present in a va-

riety of settings, such as the Andean salar brines in South

America, with concentrations of more than 400 ppm

(Kesler et al., 2012), and various formation waters (waste-

water) produced during oil and gas or geothermal opera-

tions, with concentrations ranging from 10 to 400 ppm

(Blondes et al., 2018).

The mechanism of lithium enrichment in brines is not fully

understood, but a variety of sources and processes for en-

richment have been identified and proposed. These are de-

rived in part from the physical characteristics of lithium,

which is exceptionally mobile and has a strong affinity to
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remain in solution in either magmatic or brine systems

(Teng et al., 2004). This property also extends to lithium be-

ing preferentially dissolved and stripped away through ero-

sional and/or fluid-rock interactions. Geological criteria

have been identified for various lithium-enriched brine de-

posits and these criteria are evident in northeastern BC, as

outlined in Table 1.

Recent efforts in Alberta and Saskatchewan have noted

brines enriched in lithium are particularly evident in car-

bonate-hosted reservoirs subjected to varying degrees of

dolomitization and hydrothermal fluid interactions, poten-

tially with a complex brine history (Eccles and Berhane,

2011; Huff, 2016, 2019). Studies in Alberta and Saskatche-

wan have led to early discoveries and exploration expendi-

tures, with companies such as E3 Metals Corp. (E3 Metals)

and Prairie Lithium Corporation (Prairie Lithium) moving

to pilot direct lithium extraction (DLE) technologies for

lithium brine. As outlined in Table 1, northeastern BC hosts

all of the identified geological criteria conducive to lithium

enrichment and in some respects presents the potential to

host more favourable conditions than Alberta and Sas-

katchewan. Of additional interest is that northeastern BC

benefits from possessing a higher geothermal gradient than

other provinces in the Western Canada Sedimentary Basin,

and the associated possible synergies with geothermal

initiatives.

Projects such as this one address significant gaps in early

inventory data and are vital to providing foundational in-

formation for research and regulatory and policy develop-

ment for the exploration and ultimate development of pro-

spective lithium resources in northeastern BC.

Methodology—Forging the Process

This project is the first of its kind in northeastern BC and

consists of a three-phase approach, which will take place

over the course of approximately 24 months. The three

phases include

1) co-ordination and scoping,

a) project co-ordination, logistics and safety standards,

b) prospective formation review and high-level sco-

ping of wells to sample,

c) operator engagement, access negotiations and field

logistics,

2) field sampling and data analysis,

a) field sampling program,

b) laboratory analysis,

c) data processing, quality assurance–quality control

(QA-QC) and analysis,
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Figure 1. Concentration of lithium in formation waters collected from pre-existing oil and gas wells throughout the Western Canada Sedi-
mentary Basin. Currently, only a handful of lithium data points exist in the study area in northeastern British Columbia (outlined in red; data
from Eccles and Jean, 2010), as compared to more than 1600 in Alberta and Saskatchewan (data from Eccles and Jean, 2010; Jensen,
2012, 2016; Jensen and Rostron, 2017).



3) geological interpretation and lithium potential (final

report),

a) incorporate data into the broader geological and hy-

drogeological framework,

b) advance the understanding of geological controls

and natural variability of lithium in formation

waters,

c) preliminary assessment of aquifer volumes, produc-

ibility and economic viability of lithium extraction.

Currently, the project is wrapping up the first phase with

project co-ordination and high-level scoping of the targeted

aquifers completed and operator engagement underway.

Prospective Formations and High-Level
Scoping of Wells

The initial objective was to sample at least 10 to 12 prospec-

tive groups/formations/members, but the search was broad-

ened to include over 20 (Figure 2). This broader incorpora-

tion ensures limitations, which exist by virtue of limited

well numbers in some intervals, are better managed. The in-

tervals span from the Cretaceous to the Devonian and in-

clude groups/formations/members of various lithologies.

In Alberta and Saskatchewan, the highest lithium concen-

trations are generally associated with Devonian carbonate

rocks, however, exceptions have been noted and this pro-

ject is intended to provide a first-pass and unbiased funda-

mental database for northeastern BC.

Active wells have been exported from geoLOGIC systems

ltd.’s geoSCOUT for the targeted groups/formations/mem-

bers, resulting in an initial dataset of 10 299 wells. The

Montney Formation alone constitutes nearly 50% of these

wells. Figure 3 illustrates the distribution of wells within

the study area and the breakdown between oil and gas pro-

ducers. From the initial dataset, production data was ana-

lyzed on a formation-by-formation and field-by-field basis

in order to determine wells with relatively high monthly

water production and water-gas ratios (WGR). Water pro-

duction was the main factor considered during initial

scoping, as it is imperative the water sample is as represen-

tative of true formation water as possible. Newly completed

wells were avoided to reduce the probability of sampling

flowback water (containing hydraulic fracturing fluid) in-

stead of formation water. The initial 10 299 wells were re-

viewed and vetted during the scoping process on the basis

of water production and spatial and stratigraphic distribu-

tion within the study area; the result was a filtered down list

of 692 wells. Each formation, where possible, was incorpo-

rated into the vetted well list. The distribution of these 692

vetted wells is shown in Figure 4. The goal is to sample ap-

proximately 500 of these 692 vetted wells.

Operator Engagement

The success of this project is dependent on the extent of par-

ticipation from operators within the study area. To facilitate

effective communications, concise operator engagement
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Table 1. Geological criteria identified for lithium-enriched brine deposits with examples from northeastern British Columbia (BC).
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Figure 2. Stratigraphy of northeastern British Columbia (modified and reproduced with permission from Core Laboratories Petroleum Ser-
vices, 2017). Targeted groups/formations/members are indicated with a star.
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Figure 3. Active oil and gas wells by group/formation/member in northeastern British Columbia (BC; well data supplied by geoLOGIC sys-
tems ltd. © 2021). Inset shows breakdown between oil and gas producers.
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Figure 4. Vetted oil and gas wells by group/formation/member in northeastern British Columbia (well data supplied by geoLOGIC systems
ltd. © 2021).



packages have been prepared on an operator and field basis.

The purpose of these packages is to provide operators with

the necessary information in a digestible form, to help spur

further engagement. Project information includes the value

proposition for the operators, the vetted list of wells pros-

pective for sampling, an overview of project scope, impact

and deliverables, and health and safety procedures. The

vetted well lists provided to the operators are not meant to

be prescriptive, but rather intended to provide a starting

point from which the operators can inform the process

based on current operational knowledge and efficiencies.

The list of vetted wells includes nearly 40 different opera-

tors. In order to successfully carry out this large undertak-

ing, certain operators have been prioritized, either due to a

large inventory of wells or their operations in formations

with a low number of completions (such as the Pekisko For-

mation). At the time of writing, the operator engagement

process was underway and will continue in conjunction

with the field sampling program, which is expected to start

early in 2022. Voluntary submission of existing lithium

data is also encouraged to provide a robust lithium database

for northeastern BC.

Future Work—Forging the Path Ahead

The next major step in this project is to officially kick off

the field sampling program while continuing to engage op-

erators as required. The field sampling will take place be-

tween November 2021 and May 2022, and will rely on the

expertise of Matrix field staff and the co-operation of oper-

ators. Following collection, samples will be sent to a local

commercial laboratory for a full suite of water chemistry

analyses, including lithium-ion concentration. Routine wa-

ter analysis includes pH, electrical conductivity, Ca, Mg,

Na, K, Fe, SO4, Cl, Mn, carbonate, bicarbonate, NO3, NO2,

NO3+NO2-N, alkalinity, hardness and calculated total dis-

solved solids (TDS). The added analysis of dissolved met-

als will include Al, Sb, As, Ba, Be, Bi, B, Cd, Ca, Cr, Co,

Cu, Fe, Pb, Li, Mg, Mn, Mo, Ni, K, Se, Si, Ag, Na, S, Sr, Sn,

Tl, Ti, U, V and Zn. Once all samples have been collected

and analyzed, CDL will leverage in-house expertise to cre-

ate a fully vetted water chemistry database, which will be

incorporated into the broader geological context of north-

eastern BC. The final report will include water chemistry

mapping, graphical analysis, initial interpretations regard-

ing the geochemical and genetic implications for enrich-

ment of lithium in formation-water brines and preliminary

resource calculations.

Characterizing and mapping lithium concentrations is im-

portant for the potential use of existing oil and gas infra-

structure in the application of DLE. Early examples of such

projects are being undertaken by E3 Metals in Alberta and

Prairie Lithium in Saskatchewan. The former is advancing

a project with average concentrations of 74.6 mg/L over a

significant land footprint with preliminary indicated re-

sources of 2.2 million tonnes of lithium carbonate

equivalent (LCE) with the potential to support resource de-

velopment for upward of 20 years (MacMillan et al., 2020).

Prairie Lithium successfully piloted a DLE project in 2020

reporting recovery factors of over 99%, which ultimately

led to their recent acquisition of 898 km2 (220,000 acres) of

mineral permits (Prairie Lithium Corporation, 2021). The

best comparative commercial example would be the Stan-

dard Lithium Corporation–LANXESS Corporation joint

venture in southern Arkansas, with the largest brine pro-

duction and processing facilities in North America. This is

now the flagship for Standard Lithium Corporation, with

over 109 km2 (27,000 acres) of brine leases in the Smack-

over formation aiming to produce 20 900 t/yr of lithium

carbon equivalent (LCE) over 25 years (Dworzanowski et

al., 2019).
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