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ABSTRACT 

The Canadian province of Alberta has the highest per capita CO2-equivalent emissions in Canada, predominantly due to the 

industrial burning of coal for the generation of electricity and mining operations in the oil sand deposits. The use of Alberta’s 

geothermal potential could reduce CO2 emissions significantly by substituting at least some fossil fuels.  

Relatively little is known about the potential for geothermal energy utilization in Alberta despite of a number of geothermal studies 

conducted over several decades. To assess the geothermal reservoir potential, detailed knowledge of the thermo- and petrophysical 

rock properties is needed. We conducted an analogue study that compared a number of rock properties from the Devonian 

Southesk-Cairn Carbonate Complex and of the Rimbey-Meadowbrook Reef Trend with selected outcrop samples from 

stratigraphically correlative outcrops in the Rocky Mountains. Samples from the Leduc and Nisku formations were analyzed for 

thermal conductivity, thermal diffusivity and heat capacity, as well as density, porosity and permeability. Our data suggest that the 

extensively dolomitized and highly fractured reef zones with permeabilities of up to 10−12 m2 and thermal conductivities of higher 

than 4 W m−1 K −1 are promising reservoirs for geothermal utilization. 

Our dataset is complemented by open-file core and reservoir data retrieved from the AccuMap data base for mapping of reservoir 

temperature, TDS, sour gases (H2S, CO2, N2) and petrophysical core data (density, porosity and permeability). A preliminary 3D 

geological model of the Nisku and Leduc aquifers in the western part of the Rimbey-Meadowbrook reef trend was created with 

GOCAD/SKUA to determine the potential for geothermal utilization on a local scale (e g. on the scale of a few townships). 

Preliminary findings confirm those from previous studies that the Upper Devonian carbonate aquifers are worth investigating as 

geothermal reservoirs. 

1. INTRODUCTION 

Canada currently emits approximately 715 Mt a-1 CO2-equivalent, of which the Province of Alberta emits nearly 270 Mt a-1 

(Environment Canada, 2019, last reliable numbers for 2017). Thus, Alberta has the highest emission rates. The main reason for this 

situation is the industrial generation of energy (electricity and heat) from coal and gas, along with the huge mining operations of the 

oil sands deposits. However, the amounts and trend of increasing CO2-emissions could be significantly reduced if alternative and/or 

renewable energy sources were implemented to a larger degree. For Canada to approach the targets of the Paris Accord from 2015 

regarding the reduction of CO2-emissions, geothermal energy should become part of the energy mix, especially in Alberta. 

Although this province is characterized as a ‘low enthalpy region’ (Grasby et al., 2012; Jones et al., 1985, Lam and Jones, 1985 and 

1986) with a moderate average geothermal gradient of 33.2 °C km-1 and an average heat flow of 60.4 W m-2 in the Western 

Canadian Sedimentary Basin (WCSB), recent studies using data from several tens of thousands of oil and gas wells suggest that at 

least some of the Upper Devonian carbonate aquifers are suitable for geothermal utilization (Weides and Majorowicz, 2014; 

Hofmann et al., 2014).  

The area around the town site of Hinton in the western region of the Alberta Basin (Fig. 1) is of particular interest because well data 

analysis indicates flow rates of more than 400 m³ h-1 and temperatures up to 150 °C at depths of approximately 5 km (Lam and 

Jones, 1985). While such conditions suggest a reasonable to good potential for geothermal utilization, previous studies provided 

very few hard data on the geothermal reservoir properties of the rocks in this area (e.g. Weides and Majorowicz, 2014; Weides et 

al., 2013; Nieuwenhuis et al., 2015; Ardakani and Schmitt, 2016). However, an extensive data base on parameters such as porosity, 

permeability, thermal conductivity, and others, is necessary for a geothermal assessment, especially with complete parameter sets 

for every single sample (Clauser, 2006; Bär et al., 2011; Sass and Götz, 2012; Homuth et al., 2015).  

This paper represents parts of “Project MalVonian”, which attempts to compare the potential for geothermal utilization of the Malm 

aquifer in the German Molasse Basin with that of the Devonian aquifers in the Rocky Mountain foreland basin in Alberta, in 

collaboration of the University of Darmstadt and the University of Alberta. Our study is focused on the assessment of the 

geothermal potential of three Upper Devonian Carbonate aquifer systems within the Alberta Basin, which are the Southesk-Cairn 

Carbonate Complex (SCCC), the Rimbey-Meadowbrook Reef Trend (RMRT), both comprised of rocks from the Leduc and Nisku 

formations, and the overlying Nisku Reef Trend (Nisku Formation) (Fig. 1). These carbonates form platforms and reefs have been 

exploited for oil and gas for several decades. They have formed the backbone of the Canadian petroleum industry until the oil sands 

in east-central Alberta came on stream on a large scale in the 1990s (Switzer et al., 1994; Machel, 2010). In the same decade some 

of these Devonian carbonates became the focus of interest for repurposing abandoned oil and gas wells for acid gas sequestration 
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(e.g. Machel 2005), and more recently also for geothermal utilization (Weydt et al., 2018). Furthermore, the SCCC, RMRT, and 

Nisku Reef Trend were selected for this study, because the two largest cities of the province, Calgary and Edmonton, as well as 

several smaller cities are located very near and/or almost on top of them. Hence, geothermal facilities in these carbonates could 

serve well over half of the population of Alberta (approximately 2.2 million people).  

Within the first phase of the MalVonian project, an outcrop analogue study was performed (Weydt et al., 2018). The working 

concept entails that properties of rock units in the target subsurface reservoir are compared to stratigraphically equivalent rock units 

in outcrops, which are considered as analogue to the subsurface target. Such analogue studies offer a cost-effective opportunity on 

early exploration stages and/or in areas with a low density of drill holes, in order to investigate and correlate facies, diagenetic, 

petrophysical and thermophysical properties from outcrops to the subsurface. Using such a data base, a thermofacies classification 

(Sass and Götz, 2012) enables the identification of heterogeneities and production zones and also includes detailed analyses of the 

lithologies and their thermophysical properties on different scales (1. macroscale = outcrops, 2. mesoscale = samples, 3. microscale 

= thin sections). This working concept has already been applied successfully to the Malm Formation in the German Molasse Basin 

(Homuth et al., 2015) or the Permocarboniferous in the German northern Upper Rhine Graben (Aretz et al. 2015). It allows an 

extrapolation of the results into the deep subsurface (within a conceptual model) and thus enables more precise reservoir modeling 

and rock property prediction. 

Considering that rock property measurements provide only matrix properties, further assessment of well core and reservoir data 

provided in the AccuMap or geoScout data base (IHS Markit, 2019; GEOSCOUT, 2019) is mandatory for a reliable geothermal 

assessment. These data bases contain an enormous amount of data from about 600.000 drilled wells in the Alberta Basin, which 

was compiled by various companies during the last seven decades. However, the quality of the data was found as very variable. In 

particular, much of the temperature data were identified as inaccurate (Weides and Majorowicz, 2014; Nieuwenhuis et al., 2015).  

In a first test phase of the Leduc and Nisku formations, reservoir temperature and petrophysical core data (particle density, porosity 

and permeability) were evaluated, processed and mapped for the western (and thus deepest and hottest) part of the RMRT. 

Additionally, risk maps were created for sour gases (CO2, N2, H2S) and total dissolved solids (TDS). Based on this analysis, a 

preliminary 3D geological model was created with GOCAD/SKUA (Emerson, 2019), serving as a tool in assessing the geothermal 

potential on a local scale, i.e., the scale of a few townships (Fig. 3). Moreover, a work flow was established for processing well data 

for future modeling projects within the study area.  

 

Figure 1: Spatial distribution and approximate thickness distribution of the Leduc (blue) and Nisku formations (purple) in 

Alberta and neighboring British Columbia. The outlines of the carbonate platforms are based on seismic (map 

modified from Switzer et al., 1994). The wavy colored contours indicate temperatures ranging between 40 °C (dark 

blue lines) and 140 °C (red lines) on top of the Winterburn Group, as calculated from data derived from more than 

26400 wells (Majorowicz and Weides, 2014). The flat grey lines are depth contours marking the top of the 

Winterburn Group (see Fig. 2). The red points west of the limit of the disturbed belts mark the analyzed outcrops, 

where rock samples have been collected (see further explanation in chapter 3). The red points with a black cross 

represent the boreholes within the deep subsurface. 
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2. GEOLOGICAL FRAMEWORK 

The WCSB is a large geological feature that is located mainly in Alberta east of the Rocky Mountains and in the adjacent provinces 

of Saskatchewan and Manitoba, as well as in the northern United States and in northeastern British Columbia (Grasby et al., 2012). 

The WCSB basin is divided into the Alberta Basin and the Williston Basin, the border of which roughly coincides with the Alberta-

Saskatchewan border. The sedimentary evolution of the WCSB throughout the Phanerozoic was intimately related to the tectonic 

evolution of the region, which eventually resulted in the formation of the Rocky Mountains (Wendte, 1992; Price, 1994; Switzer et 

al., 1994). The size, depth, subsidence, accommodation space and uplift of the WCSB were largely caused by four orogenies, the 

most significant of which being the Antler orogeny during the Devonian to Carboniferous and the Laramide orogeny that lasted 

from the Mid-Late Cretaceous to Early Tertiary (Machel, 2010). East of the limit of the disturbed belt (Fig 1) the sedimentary 

layers now form a structural homocline that dips westward, whereby the Devonian strata increase in depth from zero in the east to 

more than 6 km near the limit of the disturbed belt in the west. 

The Devonian succession was deposited on the passive margin of the ancestral North American continent under mostly subtropical, 

open-marine conditions. Stratigraphically the Devonian succession is subdivided into four groups, each containing a carbonate 

platform (hydrologically acting as aquifers), and are separated from one another by marls and shales (acting as aquitards). From top 

to bottom they have been numbered and named by the oil industry as D1 (Wabamun Group), D2 (Winterburn Group, with the 

Nisku Formation as the main carbonate platform and associated reefs), D3 (Woodbend Group, with Leduc reefs and the underlying 

Cooking Lake carbonate platform), and the D4 (Beaverhill Lake Group; Fig. 2). According to Rostron et al. (1997) the four aquifers 

form the Upper Devonian Hydrogeological Group (UDHG), which is underlain by shales and marls of the Waterways Formation 

and overlain by Carboniferous shales. Within the SCCC, the aquitards within the UDHG thin towards the Rocky Mountains and/or 

are absent in some areas, thus allowing for hydrologic connection between the four aquifers of the UDHG. 

The D3 Cooking Lake Formation forms the regionally most extensive and thickest carbonate platforms of the UDHG and thus 

comparable to the Malm carbonate aquifer in the Bavarian Molasse Basin, and potentially the most promising candidate for 

geothermal exploitation in Alberta. Although somewhat variable regionally, on average the Cooling Lake Formation is about 75 m 

in thickness and forms the foundation for Leduc-aged reefal buildups, which are approximately 100 to 260 m thick and contain(ed) 

the bulk of the conventional oil in the Devonian carbonates of Alberta. These carbonates are surrounded by basin-filling shales of 

the Duvernay, Majeau Lake and Ireton Formations (Amthor et al., 1993 and 1994). The overlying D2 Nisku platforms are laterally 

much smaller than the underlying D3 platforms, and also much thinner with max. thickness of approximately 80 m. The reefal 

facies in the Nisku Formation is called the Zeta Lake Member (Chevron, 1979).  

As is the case with most deeply buried carbonate sequences, the Devonian carbonates in Alberta underwent extensive diagenesis. 

Both the SCCC and the RMRT were affected by more than 20 recognizable diagenetic processes, including multiple phases of 

dissolution and cementation (mainly by calcite, dolomite, and anhydrite), pervasive dolomitization, and in the deeper part of the 

basin also by thermochemical sulfate reduction and injection of metamorphic fluids via squeegee-type fluid flow (Amthor et al., 

1993 and 1994; Mountjoy et al., 1999 and 2001; Machel and Buschkuehle, 2008, Machel, 2010; Kuflevskyi, 2015). 

 

Figure 2: Simplified lithostratigraphy for the Alberta Basin and the adjacent Rocky Mountains, and schematic 

classification of permeability zones (based on Switzer et al., 1994). D1 to D4 marks the four Upper Devonian aquifer 

systems within the Alberta Basin. 

The regional distribution of the D3 aquifers in the subsurface of Alberta is delineated by seismic (Switzer et al., 1994; Fig. 1). Parts 

of the Upper Devonian succession are exposed in the Rocky Mountain Front Ranges (west of the limit of the disturbed belt), where 

they are exposed in a series of imbricated thrust sheets. At the time of deposition, these strata extended much farther westward as an 

expansive platform into what is now British Columbia (as reconstructed in Fig. 1). Of particular interest for the current study is the 

SCCC in an area west and southwest of the town of Hinton (as marked in Fig. 1), and also the southern part of the Fairholme 
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Carbonate Complex, where strata stratigraphically equivalent to the  Leduc and Nisku Formations are accessible at or near several 

roadcuts in the Front Ranges. The stratigraphic outcrop-subsurface correlation is shown in Figure 2.  

3. MATERIAL AND METHODS 

Sampling and determination of thermo- and petrophysical rock properties 

A data base of thermo- and petrophysical rock properties was furnished for the outcrop and reservoir samples from Alberta at the 

laboratory of the Technische Universität Darmstadt (Germany).  

As no outcrops of the Upper Devonian exist within the Alberta Basin and the RMRT is not exposed anywhere (see Fig. 1), 

analogue samples were taken from three outcrops each of the SCCC and from the adjacent Fairholme Complex in the Rocky 

Mountain Front Ranges. The outcrops Toma Creek, Jasper Railroad and Mt. Greenock belong to the SCCC (Fig. 1), while the 

outcrops Nigel Peak, Grassi Lakes and Gap Lake were related to the Fairholme Complex. In total 141 plugs with diameters ranging 

from 25 mm to 64 mm were drilled from 38 outcrop samples. Petrophysical parameters, i.e., density, porosity, and permeability, as 

well as thermophysical parameters, i.e., thermal conductivity, thermal diffusivity and specific heat capacity, were measured on 

these samples. All parameters were measured on each plug for direct correlation whenever possible. To ensure reproducibility the 

plugs were measured in oven dry conditions and cooled down to room temperature in a desiccator (20 °C).  

Furthermore, ten cores of the target reservoir formations were investigated in the Calgary Research Centre (CRC) and at the 

University of Alberta core lab in Edmonton. The associated wells 5-22 (RMRT, ranging between1800 and 2000 m b.g.l.) and 16-18 

(SCCC, ~2700 m b.g.l.) are located in the central portion of the Alberta Basin, whereby the wells 10-31, 10-33, 15-23 (RMRT), 08-

06 and 2-36 (SCCC) represent areas close to the Rocky Mountains at about 4 km depth b.g.l. (see Fig. 1). To analyze differences 

between the D3 and the overlying D2 Devonian aquifer systems, three representative cores of the D2 Nisku Formation were 

examined (located at about 3100 m b.g.l.). These wells are located within the Nisku Reef Trend (Brazeau area, Fig. 1) and represent 

the reef (7-33), the bank-edge reef (2-19) and the bank (11-32), respectively (bank = platform in this context). The cores of the reef 

(7-33) and the bank-edge reef (2-19) comprise the Lobstick, Bigoray and Zeta Lake Member, while the bank (11-32) contains core 

samples of the Dismal Creek Member. More than 400 core samples with a sample length ranging between 5 cm to 70 cm have been 

analyzed for apparent permeability, thermal conductivity and thermal diffusivity. Additionally, about 45 samples from the Leduc 

Formation were taken to analyze specific heat capacity.  

Additional data was retrieved from the AccuMap data base for validation and correlation with the lab measurements obtained in the 

course of this study. These core analyses include particle density, permeability and porosity. For closer examination, thin sections 

made from representative plugs of the analogue- and reservoir samples were prepared and petrographically analyzed. 

Particle and bulk density measurements were accomplished by using an AccuPyc 1330 helium pycnometer and a GeoPyc 1360 

powder pycnometer, thereby measuring the particle and bulk volume, respectively. Porosities were calculated from the resulting 

differences in volume. The accuracy of the method is 1.1 % (Micromeritmics, 1997 and 1998).  

Matrix permeability (intrinsic permeability Ki) of the outcrop samples was determined with a column permeameter after Hornung 

and Aigner (2004) at the TU Darmstadt laboratory. The plugs were measured using at least five air pressure levels ranging from 1 

to 3 bar. Measurement accuracy varies from 5 % for high permeable rocks (K > 10-14 m²) to 400 % for impermeable rocks (K < 10-

16 m²) (Bär, 2012; Filomena et al., 2014). Permeability measurements of the reservoir core samples were determined at the CRC 

and at the UofA core lab using a mini permeameter (Hornung and Aigner, 2004), a portable variation of the column permeameter, 

which allows point measurements on the planar or mantle surface of each core sample. The device allows measurements only at 

one air pressure level; therefore, the measured values represent apparent permeability (Ka). After Jaritz (1999) the difference 

between apparent and intrinsic permeability is smaller than 13 % for values greater than 50 mD (~ 10-15 m²).  

For the determination of thermal conductivity and thermal diffusivity a thermal conductivity scanner after Popov et al. (1999, 2016) 

was used, allowing non-destructive as well as contactless measurements by using infrared sensors. The measurement accuracy is 

3 % (Lippman and Rauen, 2009). 

Specific heat capacity was determined using a heat-flux differential scanning calorimeter (Setaram Instrumentation, 2009), where 

samples were heated at a steady rate from 20 up to 200 °C within a period of 24 h. Specific heat capacities were derived from the 

resulting temperature curves through heat flow differences. The measurement accuracy is 1 % (Setaram Instrumentation, 2009). 

Selected results of the thermo- and petrophysical measurements are presented in Figure 4. 

Reservoir data assessment and processing 

For mapping selected input parameters applicable to geothermal suitability and the construction of a preliminary 3D geological 

model of the western part of the RMRT, drill core and reservoir data from the AccuMap data base was used. The original data base 

for this specific part of the basin included about 813 petroleum well logs from 1950-2015 with more than 42,000 data values of 

interest to this study - only considering the Leduc and Nisku formations (Fig. 3). Thereby, the following parameters were acquired 

for further assessment: petrophysical core data like permeability, porosity and particle density, reservoir temperature, TDS and sour 

gas analysis (H2S, N2, CO2). Furthermore, well information such as measured depth (MD) of the well, true vertical depth of the well 

subsea (TVDSS), coordinates of the well and elevation of the kelly bushing (KB) was used for importing well locations and paths 

into GOCAD/SKUA.  
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Figure 3: Spatial distribution of the wells (yellow dots) showing clustering around the reef buildups of the southwestern 

part of the RMRT. Formation outline (blue) after Switzer et al. (1994). 

As this data set was compiled from various operations over many decades resulting in inconsistent quality of the data, quality 

control steps such as removing blank/error values, correcting causes of calculation errors, converting to SI units; and reformatting 

for conversions and software compatibility were required. In contrast to previous studies (Weides and Majorowicz, 2014; 

Nieuwenhuis et al., 2015), no DST temperatures nor BHT’s were included in this data set. Therefore, reservoir temperature was 

only retrieved from well pressure surveys (WPS) as described by Lengyel (2013). The temperatures were filtered using a minimum 

shut-in time of 24 hours (Lengyel, 2013; Nieuwenhuis et al., 2015) and compared against the geothermal gradient range (22 – 35 

°C km-1) for the WCSB proposed by Ardakani and Schmitt (2016). Error-prone measurements not fitting the geothermal gradient 

were removed. Depth measurements are not uniform in the log files and can differ extremely between individual analyses (e.g. core 

analysis, water and gas analysis or oil and gas pressure analysis). In this study ‘depths in m KB’ (= depth measured below the Kelly 

bushing) was the most consistent data set and therefore used for further processing. Likewise, inclination-azimuth data was not 

available for all wells. After filtering, 352 wells had qualifiable property data (representing about 43 % of all wells in the data set), 

while only 167 wells (approximate 20 % of all wells) had qualifiable temperature data. 

In order to display the individual parameters in 2D, weighted means were calculated for each parameter per hole using core length 

or run depth length as the weight. Afterwards, they were spatially interpolated across the top of each formation using the Inverse 

Distance Weighting (IDW) tool in ArcGIS. Additionally, all previously listed parameters were imported into GOCAD/SKUA as 

log files and subsequently interpolated through stratigraphic grids. As literature provides little to no information about the 

geological structures in the deep subsurface which could be useful to constrain formation boundaries in a 3D model, e.g. there exist 

only a few cross sections in proximity of the thrust belt (Price, 1994; Switzer et al., 1994; Wright et al., 1994), the regional structure 

surface files or isopach files from the Geological Atlas of Alberta (Mossop and Shetsen, 1994) were used in combination with the 

well data to build the stratigraphic grids. As a simplification measure for this preliminary model, only the reef sections east of the 

thrust belt were mapped and modeled. Therefore, all wells situated further westward were not considered at this stage of the project.  

As a first quantification of the geothermal potential of the Leduc and Nisku formations, a volumetric heat-in-place calculation after 

Muffler and Cataldi (1978) was carried out. Afterwards, a typical recovery factor of low-enthalpy hydrothermal systems operated 

by binary power plants was applied to determine the usable amount of energy for different production methods as described in 

Paschen et al. (2003). Selected results are displayed in Figure 5. 

4. RESULTS 

Thermo- and petrophysical properties 

The investigated Leduc Formation mainly represents intensively dolomitized stromatoporoid- and coral-rich reefs and reef margin 

lithologies with dissolution enlarged vugs and molds. The formation consists of dark grey to light grey, medium- to coarse-

crystalline skeletal wackestones to float-stones and rudstones and to a lesser content Amphipora grainstones (well 5-22). Within the 

deepest sections of the RMRT close to the fold and thrust belt (at ca.4300 m b.g.l.), partially dolomitized to completely dolomitized 

permeable zones occur with interbedded nonporous limestones (e.g. well 10-31; Mountjoy and Marquez, 1997). The investigated 

Nisku cores comprise four members, which are Lobstick, Bigoray, Zeta Lake and Dismal Creek. The Lobstick Member mainly 

contains dark grey to black, fine-crystalline, nonporous argillaceous limestones with a lenticular fabric. The Bigoray Member 

constitutes of fine-bedded, coarse-crystalline dolomitized mud with interbedded dark grey and fine-crystalline limestone breccia. 

Well-preserved corals, mollusks, or small-sized vugs filled with anhydrite or calcite are present at some depth intervals. The Zeta 

Lake Member represents the reef and comprises light grey, fine-crystalline, nearly nonporous dolomudstones to bioclastic 

floatstones and rudstones with molds of a variety of corals, brachiopods, and stromatoporoids. Finally, the Dismal Creek Member 

(which represents the platform) comprises light grey, nonporous, fine-crystalline dolomudstones with abundant dissolution seams 

and argillaceous dolomudstone breccia with anhydrite nodules. 

In contrast, the investigated outcrops in the Front Ranges consist mainly of dark grey to mouse grey reefal carbonates adjacent to or 

with interfingering dark grey argillaceous off-reef sections. Most of the outcrops expose nonporous, massive carbonate rocks 
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equivalent to the Leduc Formation, while only two outcrops revealed rocks equivalent to the Nisku Formation (Toma Creek and 

Nigel Peak). In general, the investigated parts of the Fairholme Complex are partially to pervasively dolomitized, while the 

stratigraphically equivalent parts of the SCCC are largely present as limestones. Due to the fact, that almost all found/investigated 

outcrops are situated in close proximity to major thrust faults, the exposed strata are pervasively foliated, jointed, and fractured, 

with the faults dipping mostly west to southwest ward, resulting in different sets of fractures that have not been observed in the 

subsurface core samples. Summarizing, dolomitization, metamorphism, and tectonism affected the rocks in all outcrops, but to a 

different degree. Consequently, this leads to vast differences in the formation’s appearance and rock properties of the outcrop 

samples. 

 

Figure 4: Correlation of petro- and thermophysical rock properties of the outcrop and reservoir samples analyzed at dry 

conditions.  

Except for the deepest parts of the RMRT, almost all investigated cores have a constant rock density ranging from 2.80 to 2.85 g 

cm-3. In contrast, matrix porosity and permeability are quite variable ranging from less than 1 % to 23 % and 10-17 up to 10-10 m², 

respectively. Even though originating from greater depth (approx. 4100 m b.g.l.), the rocks of the western Leduc Formation (well 

2-36, SCCC) indicate the highest discovered porosity in comparison to more central basin samples of the Leduc Formation (well 

16-18, SCCC at 2700 m of depth). Thermal conductivity of the reservoir samples varies between 2.4 W m−1K−1 and 5.5 W m−1K−1. 
There is no significant difference between the Leduc Formation of the RMRT and the SCCC. Within the Nisku Formation, the 

argillaceous limestones of the Lobstick Member show the lowest thermal conductivity, while the thermal conductivity of the 

dolomitized Zeta Lake Member is within the range of the Leduc Formation. Thermophysical properties seem to be density 

controlled and increase with decreasing clay content and increasing dolomite content. In general, thermal conductivity and density 

of the analogue outcrop samples is significantly lower. The Fairholme Complex analogue samples indicate a difference between 

off-reef (argillaceous limestones from the Perdrix and Mt. Hawk Formation) and dolomitized reef areas. However, results for the 

analogue samples taken from SCCC do not follow this trend and do not show any facies dependencies. Furthermore, matrix 
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porosity and permeability are lower compared to the reservoir samples, most likely due to the low-grade metamorphosis during the 

orogeny of the Rocky Mountains. Core analyses of the Nisku Formation taken from the AccuMap data base, including particle 

density, porosity, and permeability, predominantly represent the dolomitized upper sections of the analyzed cores (this accounts 

especially for the selected wells 7-33, 2-19 and 11-32). Thus, the data is not representative of the whole formation. Furthermore, 

not all parameters were available for every well. 

Assessment of the AccuMap data base 

The assessment of the well core and reservoir data of the western part of the RMRT revealed reservoir temperatures of the Nisku 

and Leduc formations ranging between ~70 °C in the north eastern part and ~130 °C close to the thrust belt. As the temperature 

data is derived from WPS, the results can be regarded as conservative. As in the results of the core analysis, particle density is 

mainly constant with values ranging approximately 2.83 g cm-3. Particle density values of approximately 2.7 g cm-3 were observed 

locally, most likely due to less intensive dolomitization of these specific reef sections. Porosity and permeability values in both 

formations show very large ranges with 0.1 to up to ~ 29 % and 10-17 to 10-10 m², respectively (Fig. 5b and c). Average porosity 

ranges between 4.4 and 5.5 % depending on the formation. Generally, porosity appears independent of reservoir depth confirming 

the observations of the analysed reservoir cores, e.g. well 2-36 originating from greater depth (4100 m b.g.l.) shows much higher 

porosity values in comparison to well 16-18 (2700 m b.g.l.) situated in the central part of the basin (Fig. 4). Both porosity and 

permeability of the Leduc Formation follow the same trend and increase with depth in the north-western portion towards the 

disturbed belt.  

Within the GOCAD/SKUA model, both formations dip steeply towards the thrust zone. As the Leduc Formation comprises several 

reefs sitting on top of the Cooking Lake platform, the modeled surface shows a greatly varying relief (Fig. 5d). This Leduc 

Formation surface is constructed from well measurements and differs in formation geometry compared to the reef outlines based on 

seismic as presented in Switzer et al. (1994). In Switzer et al. (1994) the Leduc Formation is represented as separate reef structures 

(Fig. 3), whereas the well data implies rather one large unit (Fig. 5). There are several possible reasons for the differences: i) the 

seismic used in the published study could have inaccuracies as they are from old investigations; ii) the points where wells intersect 

Leduc Formation are incorrectly spatially displayed due to error-prone data or absence of inclination-azimuth data; iii) the Cooking 

Lake Platform carbonates that underlie the Leduc Formation have been incorrectly logged as Leduc due to the intensive 

dolomitization of the aquifer systems.  

 

Figure 5: Spatial distribution of selected core and reservoir properties of the Leduc Formation: (a) formation temperature, 

(b) porosity and (c) maximal permeability. Volumetric heat-in-place calculation (d) carried out with GOCAD/SKUA. 
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The Heat-In-Place calculation (Fig. 5d) is based on the volume of the stratigraphic grids and results in ~27.59 PJ (Eth) for the 

evaluated part of the Leduc Formation and 10.61 PJ for the Nisku Formation (whose surface area is equivalent to approximately 

1 % of Alberta). In 2016, the residential space and water heating demand of Alberta was estimated as ~148 PJ (Natural Resources 

Canada, 2019). Taking recovery factors for different production types into account (Paschen et al., 2003), the useable energy is 

much lower, but still covers up to 6.7 % of Alberta’s residential heating demand depending on the production type. Analyses of the 

sour gases are not presented in this study but should be considered for future investigations.  

5. CONCLUSIONS AND OUTLOOK 

The results from Leduc and Nisku well cores indicate good reservoir conditions regarding geothermal utilization with an average 

reservoir porosity of about 8 %, average reservoir permeability between 10-12 and 10-15 m², and relatively high thermal 

conductivities ranging from 3 to 5 W m-1 K-1. Thereby, the most promising target reservoirs for geothermal utilisation are the 

completely dolomitized reef sections. The measured rock properties of the Leduc Formation in the subsurface show no significant 

differences between the Rimbey-Meadowbrook reef trend and the Southesk-Cairn Carbonate Complex. Differences between the 

dolomitized reef sections of the examined Leduc and Nisku Formation are also minor to insignificant, whereas the deeper basinal 

facies of the Nisku Formation differs significantly. In contrast, the outcrop analogue samples have lower porosity and permeability, 

and indicate different diagenetic processes compared to the reservoir samples. As such, the outcrop analogues are no valid proxies 

for the buried reservoirs in the Alberta Basin. 

The preliminary 2D and 3D assessment of selected formation properties of the western part of the RMRT confirm the findings, that 

the Upper Devonian carbonates are worth investigating as geothermal reservoirs. The obtained reservoir temperatures range 

between 70 °C and 130 °C and thus indicate application for heat production or combined heat and power production with binary 

power plants (Bär, 2012). Porosity and permeability show a wide range and are quite variable throughout the study area. Average 

porosity is lower than the average porosity of the analysed cores, while permeability and particle density are in the same range. 

According to Sass and Götz (2012), permeabilities ranging from 10-15 to 10-10 m² are categorized as low permeable to permeable 

‘transitional systems’. It implies that stimulation is needed for economic and technical reasons and hence, the carbonates can be 

categorized as EGS. Upcoming studies will focus on the rock mechanical properties of the Upper Devonian carbonates. 

The quality of the data set retrieved for this study from the AccuMap data base is rather poor and requires time intensive processing 

and quality control. Most important is the quality of the reservoir temperature (Nieuwenhuis et al., 2015), but also errors in the 

directional survey logs of the wells to constrain the formation geometry. Future work should focus on further improving these data 

sets (through close cooperation with the oil and gas industry) and digitizing further (old) data sheets, e.g. geophysical logs. 

Furthermore, the analysis of all kind of hydraulic test data of these wells might provide a better evaluation of the actual hydraulic 

properties compared to the matrix permeabilities measured on core samples. However, the evaluation of the AccuMap data set 

provides an initial overview of the formations’ properties and their heterogeneity throughout the study area. It yields low cost and 

practicable results, especially in comparison to alternative field-based exploration methods such as drilling new wells.  

This paper reports briefly the results of a pilot study that forms the first phase of the ‘MalVonian’ project. It provides the basis for 

future projects with respect to modeling and serves to improve the geological understanding of the Upper Devonian carbonates 

within the Alberta Basin, allowing a more precise and reliable geothermal assessment. 
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