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INTRODUCTION

Geothermal energy development in sedimentary basins has been successfully implemented in Europe,
particularly for district heating applications near population centers. The Paris Basin, an intracratonic
sedimentary basin covering approximately 110,000 km? of northern France and extending beneath the English
Channel, has been producing geothermal energy for over fifty years (Lopez et al., 2010). In Canada, however,
geothermal development remains limited despite the presence of some of the world’s largest sedimentary
basins. This is largely due to the widespread availability of inexpensive natural gas, as well as geological and
investment uncertainties that have hindered targeted studies to identify optimal geothermal reservoirs.

Nonetheless, with Canada’s commitment to reducing greenhouse gas emissions and achieving net-zero targets,
a diverse suite of renewable energy resources is being considered, including solutions for remote communities
that require both power and heat (Hedhli et al., 2025), even where temperatures are insufficient for electricity
generation. At lower enthalpy, direct-use geothermal energy has been widely adopted for district heating
systems (Limberger et al., 2018; Lund et al., 2021).

Here, we investigate Paleozoic strata with varying temperature gradients and lithologies within the Canadian
analogue to the Paris Basin, the Williston Basin: an intracratonic sedimentary basin extending over
approximately 300,000 km?, making it Canada’s second-largest sedimentary basin. Owing to its size, nearly
three times that of the Paris Basin, and the abundance of high-quality oil and gas subsurface data, the Williston
Basin offers substantial potential for geothermal heat production, exceeding that of many European
counterparts.

Recent developments further highlight the basin’s geothermal promise. The Deep Earth Energy Production
(DEEP) project in southeast Saskatchewan, commonly referred to as DEEP-1, represents Canada’s first
successful geothermal power initiative within the Williston Basin. The project targets permeable intervals within
the Deadwood Basal Clastics, where formation temperatures exceed 100 °C, underscoring their suitability as
high-temperature geothermal reservoirs. This demonstrates that the deep saline systems of the Williston Basin
are capable of sustaining commercial-scale heat extraction. Furthermore, younger sedimentary units located
closer to communities with district-heating needs can also be investigated as potential sources of low- to
medium-temperature geothermal energy, even in less porous rocks, through the application of closed-loop
geothermal systems.

GEOLOGICAL CONTEXT

The Williston Basin is a large intracratonic depression beneath the central part of North America. Although
centered in North Dakota, it extends across northern South Dakota and eastern Montana, and into southwestern
Manitoba, southeastern Alberta, and much of southern Saskatchewan (Fig. 1) (Gerhard and Anderson, 1988).
From the Middle Devonian through the Mississippian, this basin occupied the eastern portion of the ancestral
Laurentian continental margin (Kent and Christopher, 1994) and lay near the equator at approximately 10° N
(Scotese, 2018). Its western edge aligns with the modern Alberta-Saskatchewan boundary, where it transitions
into the Western Canada Sedimentary Basin (WCSB), a region influenced by tectonism related to the Antler
orogeny during the mid-Paleozoic (Hedhli et al., 2022; Root, 2001). In contrast, the interior position of the
Williston Basin shielded it from deformation associated with the Antler and later Phanerozoic orogenic events.
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Figure 1. Map showing the geographic location and extent of the Williston basin (Scotese 2018; Ardakani et
al., 2024)

As a result, the basin preserves a relatively undeformed, layer-cake style stratigraphy characterized by
substantial successions of mid- to late-Paleozoic clastic units together with thick carbonate and evaporite
deposits (Fig. 2). Recent developments also underscore the basin’s geothermal promise. The Deep Earth Energy
Production (DEEP) project in southeast Saskatchewan, commonly known as DEEP-1, represents Canada’s first
successful geothermal power initiative within the Williston Basin. The project targets permeable intervals within
the Deadwood Basal Clastics, where formation temperatures exceed 100 °C, underscoring their suitability as
high-temperature geothermal reservoirs. This development demonstrates that the deep saline systems of the
Williston Basin can sustain commercial-scale heat extraction.

STUDY OBJECTIVES AND METHODS

This study assesses the geothermal potential of the Williston Basin. Three stratigraphic horizons with distinct
lithological, thermal, and hydraulic characteristics are investigated: (i) the deep Cambrian Deadwood Formation
(H1), consisting of clastic sediments at depths of 1.5-2.5 km, exhibiting formation temperatures ranging from 70
to 125°C, indicative of high-temperature geothermal potential; (ii) the Prairie evaporite succession (H2),
comprising halite, anhydrite, and gypsum at 1.2-1.8 km depth, exhibiting temperatures of 50-90 °C; and (iii) the
shallower Devonian Duperow-Bridbear Formations (H3), which are primarily carbonate units occurring at 0.9—
1.5 km depth, with temperatures ranging from 40 to 80 °C.

The clastic Deadwood Formation (H1) and carbonate Duperow-Bridbear units (H3) host aquifers with variable
porosity, permeability, and thermal properties, which will be simulated using conventional doublet wellbore
systems (Kong et al., 2017). However, the evaporitic interval (H2) will be assessed using a U-shaped closed-loop
geothermal system (Yuan et al., 2021), enabling thermal energy extraction from low-porosity or low-permeability
formations. For all three horizons, critical reservoir parameters—including porosity, permeability, thickness,
thermal conductivity, temperature, and flow rate—will be integrated into numerical models to evaluate both
technical performance and economic feasibility.

This study aims to identify the most viable geothermal targets for potential deployment in nearby communities,
particularly those reliant on diesel-generated power or suitable for closed-loop systems. The results are
expected to advance the understanding of geothermal resources within Canada’s sedimentary basins and to
inform the development of sustainable, low-carbon energy solutions.
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Figure 2. Edited stratigraphic chart from Saskatchewan Ministry of Energy and Resources Stratigraphic
chart of the Williston basin (2022) showing the studied stratigraphic horizons in this study.
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