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1 Summary  
E3 Metals Corp (TSXV: ETMC | FSE: OU7A | OTC: EEMMF) is a public lithium exploration company with a 

corporate office located in Vancouver, BC. Raymond P. Spanjers, P.G. QP, was retained by E3 Metals 

Corp to prepare a technical report on the inferred resource on the Alberta Petro-Lithium Project leases 

in conformity to National Instrument 43-101 (NI 43-101) standards. Other contributors include Gordon 

MacMillan, P.Geo. QP and Wayne Monnery, P.Eng. QP. 

The Alberta Petro-Lithium Project (oil and gas related formation brines) consists of 71 Metallic and 

Industrial Mineral Permits that overlie the Leduc Reservoir in Southern Alberta (Figure 3). All permits are 

held 100% by 1975293 Alberta Ltd (Alberta Co), a wholly owned subsidiary of E3 Metals Corp.  The 

property in its entirety contains 560,828 hectares (Ha) and is subdivided into 5 Sub-Project areas: 

Clearwater, Rocky, Exshaw, Drumheller and Sunbreaker.  The Inferred Resource Estimate in this report 

refers to a specific permit area called the Central Clearwater Resource Area (CCRA).  

The CCRA is located in the southwestern part of the Western Canada Sedimentary Basin (WCSB). In this 

area, the Upper Devonian (Frasnian) sediments of the Woodbend Group were deposited in a shallow 

inland sea bounded by the emergent Peace River Arch to the North West and the West Alberta Ridge to 

the south-west creating a barrier between the sea and the open ancestral Pacific to the west (Potma, et 

al. 2001).  It is here that the flooded carbonate platform of the Cooking Lake provided structural highs 

and a favorable environment for the prolific reefal buildups of the Leduc formation.  The Clearwater 

area covers a portion of the Wimborne-Bashaw complex just east of the Meadowbrook-Rimbey Leduc.  

The Duvernay and Ireton basinal shales and carbonate muds conformably encase and overlay the Leduc 

buildups creating traps for hydrocarbon pools and form the aquitard for the Leduc and Cooking lake 

aquifer system.   

The Leduc and Cooking Lake limestone deposits are partially to completely replaced by dolomite, a 

process that enhanced the porosity and permeability of the reservoir.  The main oil, gas and Li-brine 

mineralization (formation water associated with oil and gas production) accumulations in E3 Metals 

properties occur in dolomitized reefs of Devonian Leduc age at true vertical depths greater than 2200 

meters in the subsurface. Many of the wells in this area in their early history started out at hundreds to 

thousands of barrels per day of petroleum products and required little active pumping to extract. 

However, at present most of the wells produce excessive amounts of formation water in comparison to 

petroleum products. Formation water production in the CCRA averaged approximately 1,800 m3/day 

over the last 5 years (GeoSCOUTTM). 

E3 Metals exploration activities consisted of brine sampling from existing oil production wells.  Samples 

were collected from existing Leduc Formation producing oil and gas wells by field technicians contracted 

from Maxxam Analytics in Red Deer, Alberta. All wells producing solely from the Leduc Formation, 

without any additional concurrent zone production (commingling), were earmarked for sampling, and 

were accessed based on availability. Oil and gas operators generally cycle wells, so several field 

programs were completed to collect samples. Samples were either collected directly at the wellhead, or 

at test separators, by Maxxam employees wearing self-breathing apparatuses due to the presence of 

H2S (hydrogen sulfide) gas.  A documented sampling procedure ensured that samples were collected, 

sealed and labeled to avoid contamination and tampering. 
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Laboratory analyses consisted of a round robin of a synthetic Li-standard, created by the University of 

Alberta, which was sent to 5 laboratories. Based on the accuracy of the results and logistical 

considerations, AGAT and Maxxam laboratories were chosen as the Project labs. 47 brine samples taken 

throughout the Project area were analyzed by the two labs in duplicate.  AGAT and Maxxam were 

selected as the primary and check labs, respectively, based on the merits of their respective precisions 

(slope intercept and R2 values). 

Three aquifers (Leduc Reef Margin, Leduc Platform Interior and Cooking Lake Interior) and seven 

hydrostratigraphic subdivisions (Innisfail Margin, Innisfail Lagoon, Clearwater Interior, Wimborne 

Margin) were defined for the resource model. The aquifers and their properties were determined by 

facies geometry, well logs, core, well drill stem test data and isopach maps.   

The inferred resource estimate was developed in three stages: 3-D modeling to calculate the available 

producible brine, particle tracking to estimate the drainage area of each recovery well network and 

variography and simple kriging to assess lithium concentration distribution.  

Particle tracking (FEFLOW), a modelling technique that tracks the movement of hypothetical particles 

over time, provides a physically-based estimate of advective transport (bulk movement of a fluid) to 

estimate the drainage area of each recovery well network. Results show that groundwater from the 

CCRA can be produced at rates of 20,000 m
3
/d with production well networks of one production well 

and two to three injection wells. The production well networks are predicted to have a life of 3,600 to 

16,000 days (10 to 44 years) before injected water reaches the production well. 

Geostatistical software was used to determine the variography of 47 points and assess the manner in 

which Li concentrations vary spatially. Simple kriging of data points in the CCRA area predicted the 

lithium concentration distribution.  The mean Li concentration the CCRA was 77.4 mg/L.  

An optimized production well network design, the schedule of production from the well networks and 

the dispersion of low-concentration lithium injected water have not yet been determined. For the 

purposes of this work the inferred lithium production volumes, 50% production factor has been applied 

to estimate a total mass of lithium that could be produced. The selection of a 50% production factor is 

considered conservative as it represents the proportion of lithium that would be produced at the time 

the advective front arrives at the production well. Prior to that time, the lithium concentrations will 

decrease gradually from 100% formation water as the relative proportion of injected water increases. 

The production factor may increase as the area is assessed further.   

The mineral resource estimate for the CCRA is 4.6 billion m3 at an average grade of 77.4 mg/L, which 

equates to 1,900,000 tons lithium carbonate equivalent (LCE). This resource estimate is classified as 

inferred because the geological evidence is sufficient to imply but not verify geological, grade or quality 

continuity.  It is reasonably expected that the majority of the Inferred Mineral Resource Estimate could 

be upgraded to Indicated Mineral Reserves with continued exploration. A production rate of 20,000 

m
3
/d with individual production well network life spans of 10 years to 44 years is expected before the 

injected water reaches the production well. 
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The reservoir model used a significant amount of existing data from existing oil and gas production 

activity but relatively few Li-brine analyses.  Additional well samples are needed, where possible, to 

confirm brine chemistry through time and build the larger dataset. The cost of collecting and analyzing 

additional samples is estimated at $100,000.   

The existing samples from wellhead and separators do not give a vertical profile of the sampled wells or 

the Li-brines within each of the identified aquifers. Vertical profile sampling of Li concentrations within 

the reservoir at one or more locations per resource area is recommended at an estimated cost of 

$200,000 each. E3 Metals should consider permitting the installation of a lithium brine treatment 

system to develop logistics, recovery and economics for a future Preliminary Economic Assessment 

(PEA). 
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2 Introduction  
E3 Metals Corp (TSXV: ETMC | FSE: OU7A | OTC: EEMMF) is a publicly listed lithium exploration 

company with corporate offices in Vancouver, BC., and exploration and operations offices located in 

Calgary, AB. ETMC is listed on the TSX Venture Exchange (TSXV: ETMC), the Frankfurt Stock Exchange 

(OU7A) and OTC Market Exchange (EEMMF).  

2.1 Terms of Reference 
Raymond P. Spanjers, P.G., was retained by E3 Metals Corp to prepare a technical report on the inferred 

resource on the Alberta Petro-Lithium Project leases in conformity to National Instrument 43-101 (NI 43-

101) standards.  Other contributors include Gordon MacMillan, P.Geo. (Section 14), and Wayne 

Monnery, P.Eng. (Section 13), Qualified Persons under NI 43-101 Reporting standards. This report has 

been prepared and is to be used by E3 Metals Corp. for the purpose of supporting the TSX Venture 

Exchange regulatory requirements and/or financing. 

2.2 Sources of Data 
The report is based upon information and data collected by E3 Metals Corp, and data collected, 

compiled and validated by the authors.  Mineral rights and land ownership information was provided by 

E3 Metals Corp.  The majority of the information contained within the report was derived from the 

following: 

ω E3 Metals Corp-supplied exploration maps, logs, laboratory analyses, third-party reports  

 and field test data;  

ω Original bench tests on collected brine samples;  

ω Published literature (see Section 27 for references).  

Sources of information are listed in Section 27 and are acknowledged where referenced in the report 

text. 

2.3 Site Visit 

A site visit during field sampling was performed by Raymond Spanjers on September 28, 2017. See 
Section 12 of this report for a description of the site visit.  
 
A site visit was not required by Gordon MacMillan because the geoscience data utilized in the report 
was not sourced by E3 Metals, and is instead sourced from the Alberta Energy Regulator database, 
collected from decades of oilfield development by various operators. Sampling data utilized in this 
report was addressed in the site visit by Raymond Spanjers (above).  
 
A site visit and lab tour was conducted by Wayne Monnery, PhD on September 12, 2017. Mr. Monnery 
toured the University of Alberta Alessi laboratory where the treatment described in Section 13 was 
conducted. 

3 Reliance on Other Experts  
No other experts were used in the preparation of this report. 
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4 Property Description and Location 

4.1 Location  
The E3 Metals Corp Alberta Petro-Lithium project is located in south-central Alberta between Edmonton 

to the north and Calgary to the south (Figure 1). The project overlies the Leduc Reef, an oil producer and 

source of lithium brines. 

 

 

Figure 1. Location of Alberta Petro-Lithium Project in south-central Alberta (E3 Metals, 2017) 
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Figure 2. General trend of Leduc Reef underlying the Alberta Petro-Lithium Project lease holdings (E3 
Metals, 2017) 

4.2 Property Description 

The Alberta Petro-Lithium Project consists of 75 Metallic and Industrial Mineral Permits (the Permit 
Area) that cover the Leduc Reservoir in Southern Alberta (Figure 2). All permits are held 100% by 
1975293 Alberta Ltd (Alberta Co), a wholly owned subsidiary of E3 Metals Corp.  The property is 
subdivided into 5 Sub-Project areas (Table 1) outlined on Figure 2 and the areas of the resource study 
are summarized in Appendix A and Appendix B. The total area of the permits is 560,828 hectares. 
 
The Central Clearwater Resource Area, a sub-area of the Tract 3 Clearwater claims in Table 5, consists 
of 62,458 hectares covered in 8 Metallic and Industrial Mineral (MIM) Permits. Of the 8 permits, which 
completely or partially intersect the CCRA boundary, 48,186 ha fall within the CCRA boundary. The 
claims are interspersed with privately owned (Freehold) land.  
 

Table 1: Summary of the Alberta Petro-Lithium Project lease holdings (E3 Metals, 2017). 
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Figure 3: Location of Central Clearwater Resource Area and permits held within the Alberta Lithium 
Project, Alberta, Canada (E3 Metals, 2017). The center of the permit holdings is at 51.83 N 113.83 E in 

the NAD83 datum. The blue lands (subset map) are held by 1975293 Ab Ltd, a wholly owned 
subsidiary of E3 Metals Corp. 
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Alberta Metallic and Industrial Mineral Permits grant the explorer the exclusive right to explore for 
metallic and industrial minerals for seven consecutive two-year terms (total of fourteen years), subject 
to traditional biannual assessment work. Work requirements for maintenance of permits in good 
standing are $5.00/ha for the first two-year term, $10.00/ha for each of the second and third terms, and 
$15.00/ha for each the fourth, fifth, sixth and seventh terms.  

The statutes also provide for conversion of Permits to Metallic Minerals Leases once a mineral deposit 
has been identified. Leases are granted for a renewable term of 15 years, and require annual payments 
of $3.50/ha for rent to maintain them in good standing. There are no work requirements for the 
maintenance of leases and they confer rights to minerals. Complete terms and conditions for mineral 
exploration permitting and work can be found in the Alberta Mines and Minerals Act and Regulations 
(Metallic and Industrial Minerals Tenure Regulation 145/2005, Metallic and Industrial Minerals 
Exploration Regulation 213/98). These and other acts and regulations, with respect to mineral 
ŜȄǇƭƻǊŀǘƛƻƴ ŀƴŘ ƳƛƴƛƴƎΣ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ǘƘŜ [ŀǿǎ hƴƭƛƴŜ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ DƻǾŜǊƴƳŜƴǘ ƻŦ !ƭōŜǊǘŀ vǳŜŜƴΩǎ 
Printer website (www.qp.alberta.ca/Laws_Online.cfm). 

The mineral permits are interspersed with privately owned (Freehold) land, where the surface and/or 
minerals rights are owned by private individuals and/or companies and not the crown (the white areas 
interspersed within the E3 Metals Permit Area in Figure 1). The Freehold lands do not pose an obstacle 
to initial brine assay and mineral processing test work within the mineral permits owned by E3 Metals. 
Given a favorable distribution of contiguous Permit coverage and completion of advanced 
characterization studies focused on the drawdown effect of the liquid resource (particularly laterally), it 
is possible that E3 Metals does not have to acquire Freehold Land in order to produce Li-brine from 
aquifers within the properties.  

The inferred resource estimate outlined within this report has been completed on the central portion of 
the Clearwater Property (See Figure 3). The Central Clearwater Resource Area (CCRA) consists of 48,186 
ha across 8 Metallic and Industrial Mineral (MIM) Permits that completely or partially intersect the 
NRRA. The 8 MIM permits have a total of 64,458 ha with a first 2-year in-ground expenditure 
commitment of $312,886.90 (Appendix A).  

 

4.3 Royalties 
On July 10, 2017, the Company signed a Royalty Agreement pursuant to which it has agreed to pay to 

ǘƘŜ Ǌƻȅŀƭǘȅ ƻǿƴŜǊ ŀ ǇŜǊǇŜǘǳŀƭ ǇǊƻŘǳŎǘƛƻƴ Ǌƻȅŀƭǘȅ Ŝǉǳŀƭ ǘƻ нΦнр҈ όǘƘŜ άwƻȅŀƭǘȅέύ ƻŦ ǘƘŜ ƎǊƻǎǎ ǇǊƻŎŜŜŘǎ 

from all products that are mined or extracted from seven specific Clearwater MIM permits.  

The Company has the option, at any time before September 30, 2020, to purchase all or a portion of the 

royalty at a price of: 

¶ $600,000 for the entire 2.25% of the Royalty, or 

¶ $75,000 for each 0.25% of the Royalty, provided that the maximum amount to purchase the 

entire 2.25% of the Royalty will be $600,000. 

The permit numbers are 9316060174, 9316060175, 9316060176, 9316060177, 9316060178, 

9316060179 and 9316060180. 
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4.4 Environmental Issues 

At the current stage of the project, there are no environmental liabilities to E3 Metals. Environmental 
considerations and permitting for this project at a later stage are outlined in Section 20.  

5 Accessibility, Climate, Local Resources, Infrastructure and Physiography  

5.1 Accessibility 

The Clearwater property is readily accessible by air and ground transportation (Figure 4). There are 

international airports in Calgary (YYC) and Edmonton (YEG). Red Deer hosts a regional airport (YQF). 

 

 
Figure 4: Primary roads, secondary roads and air access to Project area (blue rectangle) 

(www.transportation.alberta.cacialNetworkMap) 

Major and secondary provincial highways, and all-weather roads developed to support oil/gas 

infrastructure, occur throughout the permit areas. The City of Red Deer (population of 100,400) is 

ƭƻŎŀǘŜŘ ŀǘ ǘƘŜ ƧǳƴŎǘƛƻƴ ƻŦ !ƭōŜǊǘŀ tǊƻǾƛƴŎƛŀƭ IƛƎƘǿŀȅ н όάIǿȅ нέύ ŀƴŘ IƛƎƘǿŀȅ ммΤ Iǿȅ н ƛǎ ǘƘŜ Ƴŀƛƴ 

 

 

 

 

http://www.transportation.alberta.cacialnetworkmap/
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corridor between Edmonton and Calgary and runs North-South directly through the Clearwater 

Property. Further access to the properties is provided by secondary one- or two-lane all-weather roads, 

and numerous all weather and dry weather gravel roads. The resource area can be accessed year-round, 

ensuring mineral test work and extraction is not limited to certain months of the year. Two rail lines 

(Canadian Pacific Railway and the Canadian National Railway) are present throughout the area and 

connect to the major centers of Edmonton and Calgary which occur north and south of the resource 

area and then all of North America.  

5.2 Climate 
Calgary, Alberta has a humid continental climate with severe winters, no dry season, warm summers 

and strong seasonality (Köppen-Geiger classification: Dfb).  

 
Figure 5. Summary of monthly annual climate data for Calgary, BC.  

(http://www.calgary.climatemps.com/) 
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Figure 6. 10-year temperature and precipitation ranges for T34N R28W, the center of the Clearwater 

claims (ACIS, 2017). 

During summer, average high temperatures are 22.2°C (71.9°F) and average low temperatures are 8.5°C 

(47.3°F).  Fall temperatures have average highs of 11°C (51.7°F) during the day and lows of -2.1°C 

(28.2°F) generally shortly after sunrise. Total annual Precipitation averages 398.7 mm (15.7 inches).  A 

summary of Calgary climate data by month is shown in Figure 5.  A 10-year summary of high-low-mean 

air temperature and mean precipitation for T34N R28W, the center of the Clearwater claims, is shown in 

Figure 6. 

5.3 Local Resources 
Accommodation, food, fuel, and supplies are readily obtained in the City of Red Deer (pop. 100,418 

(2016)) and the towns of Olds, Sylvan Lake and Innisfail. Internet and phone coverage is available 

throughout the permit areas. Many trained workers live in the area and work in the oil and gas sector. 

These workers have the skills and expertise required to develop lithium from their related experience in 

oil and gas. Service companies, including those providing wireline services, testing, workovers and 

drilling all operate loŎŀƭƭȅ ŀƴŘ ǿƛƭƭ ōŜ ŎŀǇŀōƭŜ ƻŦ ƳŜŜǘƛƴƎ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ƴŜŜŘǎ ǊŜƭŀǘƛƴƎ ǘƻ ŘǊƛƭƭƛƴƎΣ 

production and construction. 

5.4 Infrastructure 
There is a significant amount of infrastructure in the area to support over 70 years of oil and gas 

development operations. Oil and gas is typically produced in the area using pump jacks. Hydrocarbons 

and water produced from the wells are delivered to separation facilities (either on site or at a satellite 

location) via underground pipelines. After separation, the various fluids and phases enter into a network 

of pipelines designed for the transportation of gas, oil and water to specific destinations for upgrading, 

processing, to market, or for disposal. Pipelines specific to water are designed mainly to transport 
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wastewater for disposal and/or injection purposes. These water pipeline networks are specifically 

located in the areas developed for oil and gas.  

Main highways are properly maintained and upgraded, and secondary gravel roads are well maintained. 

Grid electrical distribution and transmission infrastructure is available throughout the resource area and 

many of the locations sampled for this resource have power accessible directly at the lease. 

There is adequate land for the location of process plants and related required future infrastructure. 

5.5 Physiography 
The project area lies within the Southern Alberta uplands and Western Alberta plains (Figure 4).  The 

dominant landform is undulating glacial till plains, with about 30 percent as hummocky, rolling and 

undulating uplands.  The average elevation is 750 m, but ranges from 500 m near the Albertaς

Saskatchewan border to 1250 m near Calgary. The Red Deer River is the dominant topographic feature; 

it runs northwards and is situated between the Exshaw East and Exshaw West sub properties. The region 

is dominantly farmland with numerous creeks and wetlands occurring throughout the property.  

Clusters of forested terrain are dominated by aspen, balsam poplar, lodge pole pine and white spruce. 

Vegetation in the wetland areas is characterized by black spruce, tamarack and mosses. The area is 

generally composed of farmland and prairie grasses. 

6 History  
In the Permit area, there have been no drilling exploration programs to target lithium enriched brine 

specifically. Historical testing of lithium in water was conducted as part of routine chemistry analysis by 

oil and gas operators in the area. This data was compiled in a comprehensive overview of the mineral 

potential of formation waters from across Alberta by the Government of Alberta (Hitchon et al., 1993, 

1995). Subsequent collection of brine water from actively producing oil and gas wells was conducted by 

the AGS by Eccles and Jean (2010) and was analyzed for lithium. A summary of the petroleum 

exploration and production and the lithium brine related geological data sourced from the petroleum 

industry are summarized below. 

6.1 Oil Drilling History 
Existing wells in this area were drilled for petroleum and natural gas.  Early operators for oil and gas 

fields in the area included such companies as Husky Oil & Refining Ltd, Shell Oil Company of Canada, 

IǳŘǎƻƴΩǎ .ŀȅ hƛƭ ϧ Dŀǎ /ƻ., and British American Oil Co. Ltd. (Gulf Canada). These companies were 

active in the resource areas as early as 1951 and some remain active to date. 

The Leduc #1 well, drilled by Imperial Oil, was one of the first oil wells in Alberta drilled into the Late 

Devonian Leduc formation in 1947.  Some of the most prolific formations produced historically are the 

Devonian formations, which includes the Swan Hills, Beaverhill Lake, Leduc, Nisku, and Wabuman 

Formations. The Leduc reefs were a prevalent target for hydrocarbons from the mid to late century due 

to their size and very high porosity and permeability.  Currently there is resurgence in drilling activity in 

the Devonian with the improvement of technology allowing for the development of unconventional oil 

reservoirs such as the Duvernay formation.  A significant volume of petroleum-related fluid has been 

produced from the Devonian as well as from some of the younger zones above in the Mississippian and 
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Cretaceous.  It is the Leduc formation and the underlying Cooking Lake aquifer that is of significance 

with respect to this assessment for mineral brine potential in the CCRA. 

The Clearwater area contains two major Leduc oil pools of note, namely the Innisfail oil field on the 

western edge, discovered in 1956 by Canadian Oils Ltd., and the Wimborne field on the Eastern side, 

discovered by Seaboard Oil Company in 1954.  These two pools form the eastern and western defining 

edges of the resource area and roughly correspond to the Leduc Platform Margin.  A total of 1,846 wells 

have been drilled within the CCRA, 158 wells have intercepted the Leduc Formation. A total of 152 wells 

are classified as having produced, currently producing or injecting into the Leduc Formation. 

6.2 Well Logs  
Open hole wireline logging technology is the predominant method for evaluating reservoir properties.  

Wireline logs are a standard tool employed by the petroleum industry when drilling for and developing 

oil and gas pools. They provide physics-derived information about rock properties and fluid dynamics in 

the subsurface. This information is used to interpret the depths, lithology and fluid composition of 

subsurface rock formations. Interpretations from well logs are used in the reservoir model discussed in 

Section 14.  

A rich database of well log information exists in the area due to oil and gas development dating back to 

the мфрлΩǎ, and this well log data can be leveraged for the purposes of Petro-Lithium exploration. 

Wireline tool technology has advanced considerably over the last few decades, and data resolution and 

quality tended ǘƻ ƛƳǇǊƻǾŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀŦǘŜǊ ǘƘŜ мфулΩǎΦ 5ǳŜ ǘƻ ǘƘŜ ǾŀǊƛŜǘȅ ƻŦ ǿŜƭƭ ǾƛƴǘŀƎŜ ŀƴŘ ŘŜǇǘƘΣ ŀ 

wide range of type and quality of well log data exists.  Only well logs with sufficient depth and quality 

were used in the analysis of this resource. 

The well logs available in the area are as follows:  

o Gamma Ray Log: measures the radioactivity of rocks and helps determine lithology 

(http://petrowiki.org/Gamma_ray_logs, 2017) 

o Induction Log: measures rock conductivity, and helps determine lithology and fluid 

composition (http://petrowiki.org/PEH:Resistivity_and_SP_Logging, 2017; Archie, 1942). 

o Density and Neutron logs: measures hydrogen concentration and electron density 

(American Association of Petroleum Geologists, 2017), and helps determine lithology and 

pore space in the rock 

o Photoelectric logs: measures atomic weight of the rocks, and helps determine lithology  

Well logs penetrating through both the Leduc and the Cooking Lake Formation were used to determine 

the top and bottom of the formations and, the lateral extent of the Leduc over top of the Cooking Lake 

Platform. After formation tops were selected, well logs were then used to determine fluid contacts and 

reservoir parameters within the Leduc and Cooking Lake reservoirs.  

6.3 Drill Stem Tests 
A Drill Stem Test (DST) is an oilfield test that isolates a particular range of depths in a wellbore to 

measure the reservoir pressure, permeability (ability to flow fluid) and fluid types present at specified 

depths.  DSTs have been run in the vicinity of the resource areas since the 1950Ωs. Data collected during 

DSTs are compiled by the Government of Alberta and were accessed through third party software 

http://petrowiki.org/Gamma_ray_logs
http://petrowiki.org/PEH:Resistivity_and_SP_Logging
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(GeoSCOUT 2017). DST data was reviewed to determine reservoir pressure and permeability in the 

resource areas. 

Prior to adopting DST-derived pressure estimates as representative of the reservoir, a quality assurance 

(QA) program was followed that eliminated suspect or erroneous data. The QA program reduced the 

pressure data set to 327 DSTs with extrapolated pressure measurements. The resulting data set 

consisted of 324 pressure measurements in the Leduc Formation and 3 pressure measurements in the 

Cooking Lake Formation. 

Within the CCRA there were 33 DST pressure measurements considered representative of the reservoir 

pressure. These measurements were distributed throughout the resource area and were measured 

between 1957 and 1980. These pressure measurements were used to estimate the current day reservoir 

pressure and to contribute to the characterization of the hydraulic continuity of the reservoir. 

6.4 Production, Injection and Disposal  
Historical production volumes for the Cooking Lake and Leduc formations were exported from 

5ƛǾŜǎǘŎƻΩǎ DŜƻ/ŀǊǘŀ ǎƻŦǘǿŀǊŜ ό5ƛǾŜǎǘŎƻ нлмтύΦ ¢ƘŜ ǊŜǇƻǊǘŜŘ ǇǊƻŘǳŎǘƛƻƴ ǿŀǎ ǉǳŜǊƛŜŘ ŦƻǊ ōƻǘƘ ǊŜǎƻǳǊŎŜ 

areas and a buffer area around the resource areas, in order to include production from outside of the 

resource areas that may directly affect pressures in the resource areas. 

For the CCRA, historical production was queried from contiguous Leduc reef, including 45-kms 

surrounding area to the southwest and a 70-kms to the northeast. There is a total of 99,273 months of 

reported production volumes in the greater CCRA from 430 wells. The wells were distributed across 23 

townships with much of the production occurring north of the resource area. Within the resource area, 

most of the production was in the Wimborne Margin and the Innisfail Margin areas. The first year of 

reported production was 1961. Approximately 99.7% of the production in the CCRA was from the Leduc 

Formation.  

Total reported fluid volumes in the CCRA are: 

¶ 15,984,368 x 103 m3 of gas produced; 

¶ 89,063 m3 of condensate produced; 

¶ 28,139,801 m3 of oil produced; 

¶ 79,672,861 m3 of water produced; 

¶ 453,125 x 103 m3 of gas injected; and 

¶ 96,023,125 m3 of water injected. 

The total fluid produced from the reef in the vicinity of the resource area peaked in the 1970s and has 

decreased considerably since then as hydrocarbons have been depleted. The current net production 

hydrocarbon volumes in the vicinity of both resource areas has decreased significantly over the last 

decade, though the reservoir still contains sufficient pressure to produce formation water.  

6.5 Historical Lithium Data  
 

Section 6.5 was extracted from Eccles (2017) technical report for E3 Metals. 
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The first comprehensive overview of the mineral potential of formation waters from across Alberta was 

compiled by the Government of Alberta όIƛǘŎƘƻƴ Ŝǘ ŀƭΦΣ мффоΣ мффрύΦ ΨCƻǊƳŀǘƛƻƴ ǿŀǘŜǊΩ ƛǎ ǳǎŜŘ ŀǎ ŀ 

generic term to describe all water that naturally occurs in pores of a rock and if the rock is permeable 

(has the capacity to flow fluids through it) it could represent an aquifer. Hitchon et al. (1993, 1995) 

compiled nearly 130,000 analyses of formation water from various stratigraphic ages across Alberta. The 

Řŀǘŀ ǿŀǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ƴǳƳŜǊƻǳǎ ǎƻǳǊŎŜǎ ƛƴŎƭǳŘƛƴƎ !ƭōŜǊǘŀ 9ƴŜǊƎȅ wŜƎǳƭŀǘƻǊ όά!9wέύ ǎǳōƳƛǎǎƛƻƴǎ ŦƻǊ 

drilling conducted by the petroleum industry and various Government of Alberta reports (e.g., Hitchon 

et al., 1971; 1989; Connolly et al., 1990a, b and unpublished analytical data collected by the Government 

of Alberta). 

The method for defining geographic areas with elements of possible economic interest in formation 

water was defined by Hitchon (1984) and Hitchon et al. (1995). For each element studied (e.g., calcium, 

magnesium, potassium, lithium, bromine ŀƴŘ ƛƻŘƛƴŜύΣ ŀ ΨŘŜǘŀƛƭŜŘ ŜȄǇƭƻǊŀǘƛƻƴ ǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜΩ ǿŀǎ 

determined by studying the concentrations in economically producing fields as defined in Hitchon (1984) 

ŀƴŘ IƛǘŎƘƻƴ Ŝǘ ŀƭΦ όмффрύΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ŀ ƭƻǿŜǊ ΨǊŜƎƛƻƴŀƭ ŜȄǇƭƻǊŀǘƛƻƴ ǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜΩ ǿŀǎ ŘŜŦƛƴŜŘ ǘƻ 

allow for contouring and extrapolation of data to undrilled areas. For example, the regional exploration 

threshold value for Li was considered to be 50 ppm and the detailed exploration threshold value was 

defined as 75 ppm (Hitchon et al., 1995). At the provincial scale, Hitchon et al. (1995) showed that 

lithium was analyzed and reported in 708 formation water analyses (out of the 130,000 total analyses 

ŜȄŀƳƛƴŜŘύΦ hŦ ǘƘŜ тлу ŀƴŀƭȅǎŜǎΥ фс ŀƴŀƭȅǎŜǎ ȅƛŜƭŘŜŘ [ƛ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀōƻǾŜ ǘƘŜ ΨǊŜƎƛƻƴŀƭ ǘƘǊŜǎƘƻƭŘ 

ǾŀƭǳŜΩ όƎǊŜŀǘŜǊ ǘƘŀƴ рл ǇǇƳύΤ ŀƴŘ пт ŀƴŀƭȅǎŜǎ ȅƛŜƭŘŜŘ [ƛ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀōƻǾŜ ǘƘŜ Ψdetailed threshold 

ǾŀƭǳŜΩ ƻŦ тр ǇǇƳΦ {ƛƎƴƛŦƛŎŀƴǘƭȅΣ IƛǘŎƘƻƴ Ŝǘ ŀƭΦ όмффоΣ мффрύ ǎƘƻǿŜŘ ǘƘŜ ƘƛƎƘŜǎǘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ [ƛ ƛƴ 

formation water ς up to 140 mg/L Li ς occurred within Middle to Late Devonian aquifers associated with 

the Beaverhill Lake Group (Swan Hills Formation), Woodbend Group (Leduc Formation), Winterburn 

Group (Nisku Formation) and Wabamun Formation aquifers. 

More recently, Eccles and Jean (2010) modelled 1,511 lithium-bearing formation water analyses from 

ǘƘǊƻǳƎƘƻǳǘ !ƭōŜǊǘŀΤ ǘƘƛǎ ŎƻƳǇƛƭŀǘƛƻƴ ǎǳǇǇƻǊǘŜŘ ǘƘŜ ǇǊŜǾƛƻǳǎ ƎƻǾŜǊƴƳŜƴǘ ŀǳǘƘƻǊΩǎ ŎƻƴŎƭǳǎƛƻƴǎ ǘƘŀǘ 

aquifers associated with Devonian strata comprise elevated concentrations of lithium in reef systems 

throughout Alberta. Of the 1,511 analyses, 19 analyses/wells contained >100 mg/L Li (up to 140 mg/L), 

all of which were sampled from within the Middle to Late Devonian carbonate complexes.  

7 Geological Setting and Mineralization  

7.1 Geological Setting 
The E3 Metals Resource Areas are located in the southwestern part of the Western Canada Sedimentary 

Basin (WCSB). In this area, the Upper Devonian (Frasnian) sediments of the Woodbend Group were 

deposited in a shallow inland sea. The sea was bounded by the emergent Peace River Arch to the 

northwest and by the West Alberta Ridge to the southwest, creating a barrier between the sea and the 

open ancestral Pacific to the west (Potma et al. 2001). It is here that the flooded carbonate platform of 

the Cooking Lake provided relative structural highs and a favorable environment for the growth of the 

prolific reefal buildups of the Leduc Formation.  
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The Clearwater area covers a portion of the Wimborne-Bashaw complex to the east of the 

Meadowbrook Rimbey trend. The basinal shales and carbonate muds of the Duvernay and Ireton 

conformably encase and overlay the Leduc buildups, creating traps for hydrocarbon pools. These low-

permeability shales also form the aquitard, a formation of much lower water permeability than an 

aquifer, for the Leduc and Cooking lake aquifer systems.   

The Leduc and Cooking Lake limestone deposits were, at some post burial stage, partially to completely 

replaced by dolomite.  Dolomitization is the chemical process by which limestone (CaCO3) is converted 

to dolostone (CaMg(CO3)2) through the dissolution of calcium carbonate and the precipitation of 

dolomite (American Association of Petroleum Geologists, 2017). Dolomite crystals are larger than 

limestone, and larger crystals typically improve permeability (Lucia, 1995).  

There are many possible mechanisms theorized as to the source of dolomitizing Mg-rich fluids and the 

method for their transport into the Leduc system (Atchley et al. 2006; Amthor et al., 1993; Machel et. 

al., 2002). Dolomitization of the Leduc and Cooking Lake in this area generally enhances the porosity and 

permeability of the reservoir, except in some localized cases where secondary cementation has occurred 

to reduce the porosity.  It is likely partly due to this process that the Leduc and Cooking Lake are 

hydraulically in communication and both contribute fluids as part of the overall system.   

The Leduc and Cooking Lake aquifer system contains lithium-enriched brine associated with reefal 

carbonates of the Woodbend and Winterburn Group (Hitchon et. al., 1995; Eccles and Jean, 

2010).  Speculation exists as to the source of the lithium but the source is ultimately unknown (Eccles et. 

al, 2012).  For the Leduc and Nisku system in southern Alberta, Huff (2016) proposed a source involving 

lithium concentrated Devonian evaporates to the west and upward movement of Li-enriched brine into 

the Leduc and Nisku carbonates during later mountain building. 

Formation water is currently being produced as a waste byproduct associated with petroleum and 

natural gas from existing wells.  Pressure loss in the aquifer is being mitigated through re-injection of 

fluid from produced wells and possibly has included waters from other pools and other zones, as well as 

fresh water.  
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Figure 7: Regional stratigraphy/hydrostratigraphy of Alberta (adapted from Hitchon et al., 1990). The 

stratigraphic units of interest are denoted in red. 

 




































































































