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Foreword 
The Alberta Geological Survey (AGS) contracted Multiphysics Imaging Technology, 4th Resource Corp., 
and GEOSEIS Inc. to estimate the Curie point depth (CPD) isotherm across Alberta using aeromagnetic 
data. The CPD represents the depth at which crustal rocks reach approximately 580°C, the temperature at 
which ferromagnetic minerals lose their magnetization. Mapping this thermal boundary provides a 
regional proxy for crustal heat distribution, geothermal gradients, and mantle-derived heat flow, 
supporting geothermal resource evaluation and tectonic studies. 
Residual magnetic intensity (RMI) grids were compiled from high-resolution airborne magnetic surveys 
acquired by the AGS (2021–2024), and supplemented with lower-resolution datasets from the Geological 
Survey of Canada and the U.S. Geological Survey. The RMI grid was subdivided into 660 overlapping 
160 by 160 km windows, spaced at 40 by 40 km intervals between centroids. Of these, 417 windows fall 
within Alberta, providing dense spatial sampling for spectral analysis. Fast Fourier transform (FFT) 
power-spectrum analysis was applied to each window, and CPD was estimated using both centroid and 
fractal spectral methods. The results were interpolated to produce a continuous provincial grid. 
The CPD estimates range from approximately 8 to 30 km, with a mean depth of 23 ±4 km. Shallow CPD 
values occur beneath the Rocky Mountain fold-and-thrust belt, whereas deeper values characterize the 
Rae and Hearne cratons. Intermediate depths are observed along the Snowbird tectonic zone. From these 
CPD results, geothermal gradients (average of 26 ±5°C/km) and heat-flow values (48 to 149 mW/m²) 
were derived, indicating elevated thermal conditions in southwestern Alberta. These estimates are 
consistent with borehole-based measurements and global heat-flow compilations, though they exclude 
radiogenic heat contributions from granitic rocks. 
A complementary three-dimensional (3D) inversion of Bouguer gravity data was conducted to estimate 
Mohorovičić discontinuity (Moho) depths, which range from 35 to 46 km. A moderate negative 
correlation (r ≈ –0.70) between CPD and Moho depth suggests that thicker crustal regions may retain heat 
due to low thermal conductivity, resulting in shallower thermal isotherms above a deeper lithosphere. 
This work was completed under the Mineral Grant provided by the Government of Alberta dated June 22, 
2021. 
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Figure 2. Curie point depth (CPD) computed using fractal method. 
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A key challenge of the fractal approach lies in the selection of the fractal exponent (β). 

Determining β is not straightforward, as it cannot be estimated independently, and its 

value varies depending on the geological complexity of the area. 

   

Figure 3. Synthetic 3-D fractal magnetization model (Li et al, 2013). 

 

To address this limitation, several researchers (e.g., Pilkington and Todoeschuck, 1993; 

Maus et al., 1997; Bouligand et al., 2009; Li et al., 2013) developed synthetic 3-D fractal 

magnetization models, such as the one depicted in Figure 13. These models simulate the 

Earth's crustal magnetization by incorporating fractals to replicate the complex, self-

similar patterns characteristic of natural geological formations. As a result, these synthetic 

models provide a more realistic representation of crustal magnetization. Additionally, they 

enable the estimation of fractal model parameters by fitting a theoretical power spectrum 

curve to the calculated radial power spectrum derived from RMI magnetic data. In this 

study, we utilized the 3-D synthetic model (Figure 13) proposed by Li et al. (2013) to 

compute the fractal CPD depth parameters.  
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The procedure of fitting the theoretical (synthetic) power spectrum generated from 3D 

fractal synthetic model with the RMI power spectrum using Block # 316 as an example, 

is illustrated in Figures 14, 15 and 16, respectively. The best fit was observed when the 

fractal exponent β is equal to 4.3 (Figure 16).  

 

Figure 4. Radial average power spectrum generated for Block # 316. 

 

Figure 5. Fitting power spectrum of Block # 316 to synthetic power spectrum with various fractal exponents extracted 
from synthetic 3-D fractal magnetization model of Li et al., 2013. 
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Figure 16. Best fit of Block # 316 power spectrum with synthetic power spectrum when fractal exponent β = 4.3. At this 
fit, the depth to CPD is equal to 18.6 β 2.07 km. 

CPD Derived Average Geothermal Gradient 

Geothermal gradient is the rate of change in temperature with respect to increasing depth 

in Earth’s interior. Significant shallow variability in geothermal heat exists due to 

hydrodynamic flow, crustal heat sources and mantle heat sources. The average 

geothermal gradient for the center of the block is displayed in Figure 17. It is important to 

recognize that this method simply takes the average gradient to CPD depth and makes 

no consideration for shallow variability. Therefore, we are not showing true geothermal 

gradient maps, rather CPD derived average geothermal gradient maps. The CPD derived 

average geothermal gradient is proportional to deep mantle derived heat sources and 

thus can be used as a background heat trend. 

After computing the CPD isotherm using the centroid and fractal methods, we applied 

Equation 8 from Turcotte and Schubert (1982) to estimate the CPD-derived average 

geothermal gradient, assuming a surface temperature (TS) of zero and a Curie 

temperature (Tc) of pure magnetite averaging 580°C.  
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CPD derived average geothermal gradient maps are shown for the centroid CPD (Figure 

18) and the fractal CPD (Figure 19) respectively. 

  
Figure 17. Geothermal gradient at the center of Block # 316. 
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Figure 38. CPD derived average geothermal gradient computed using the centroid method. 
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Figure 9. CPD derived average geothermal gradient computed using the fractal method. 
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CPD Derived Average Heat Flow 

Heat flow is the movement of heat from the earth’s interior to the surface of the earth. 

Without any localized information on shallow heat sources or variability in conductivity, 

heat flow becomes proportional to the geothermal gradient.  

We computed heat flow maps for the study area using Equation (9) below:  

 

Where:  

λ is the thermal conductivity.  

 

In this study, we used λ = 2.5 W/m·C, the average value for crustal rocks. Using Equation 

(9), we computed a CPD derived average heat flow map from both the fractal and centroid 

maps (Figures 20 and 21, respectively). 
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Figure 4. CPD derived average heat flow of the study area computed using centroid method. 
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Figure 21. CPD derived average heat flow of the study area computed using fractal method. 
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3D gravity inversion to map Moho surface 

To explore the potential relationship between the CPD isotherm and the depth of the Moho 

within the study area, a 3D gravity structural inversion was applied to the gravity data 

(Figure 6). The inversion in this analysis does not account for lateral variations in the 

density distribution of crustal rocks, as it assumes a constant density. 

For this study, FFT-based methods derived from the algorithms of Parker (1973) and 

Oldenburg (1974) were implemented using a Matlab code developed by Gomez-Ortiz et 

al. (2005). In 1973, Parker introduced an FFT-based algorithm for forward modeling of 

gravity data. By using Parker's formula (Equation 10), the gravity anomaly caused by an 

uneven, uniform material layer can be calculated through a series of Fourier transforms. 

 

Oldenburg (1974) later rearranged Parker's forward modeling algorithm into Equation 

(11), enabling the depth to the density interface, or Moho, to be computed from gravity 

anomaly grids through an iterative process. The gravity inversion algorithm developed by 

Oldenburg, utilized in this study, is outlined below. 

 
Where: 

F(∆g)  is the Fourier transform of the gravity anomaly, 

G  is the gravitational constant, 

∆r is the density contrast across the Moho surface, 

k is the wavenumber (k=1/wavelength), 

h(x,y) is the depth to the Moho (positive downward),  

h0 is the mean depth of the horizontal interface (i.e., Moho) 
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Equation (11) enables for the determination of Moho topography through an iterative 

inversion procedure. This method assumes a mean depth of the Moho (h0) and the 

density contrast (Δρ) between the Moho and the overlying crustal rocks. Based on the 

CRUST1.0 global crustal model, the depth to the Moho interface within the study area is 

approximately 43 km below sea level. A density contrast of 0.42 g/cm3 was applied, based 

on an average density of 2.93 g/cm3 for the lower crust and 3.35 g/cm3 for the upper 

mantle (Kaban and Mooney, 2001). The model was refined using 100 iterations (Figure 

22), beyond which the difference between the calculated Bouguer gravity and the 

observed gravity remained nearly unchanged. The resulting depth to Moho map is shown 

in Figure 23. The error resulting from this fit is presented in Figure 24. 

 

Figure 22. Root mean square (RMS) generated through 3D gravity inversion. 
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Figure 3. Depth to Moho of Alberta computed from 3D inversion of Bouguer gravity. 
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Figure 54. 3D gravity inversion misfit errors (Observed Bouguer minus calculated Bouguer). 
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Results indicate that the Moho depth ranges from 35 km to 45.6 km, with an average 

depth of 38.3 ± 2.2 km below sea level. It is relatively shallow in northeastern Alberta (~35 

km) and gradually deepens (~45.6 km) towards southwestern Alberta. 

Statistical analysis comparing the inverted Moho surface with the computed CPD 

isotherm surface reveals a moderate negative correlation (correlation coefficient ~ -0.70). 

This negative relationship may occur due to the heat-retention properties of crustal rocks 

with low thermal conductivity, which contribute to a shallow CPD despite the presence of 

a deep Moho. Such thermal patterns are typically observed in ancient cratons, including 

the Canadian Shield. In these regions, the crust is thick, resulting in a deep Moho. 

However, low-conductivity rocks retain heat efficiently, leading to the development of a 

shallow CPD. 

While positive correlations between Moho and CPD depths have been documented in 

certain regions, recent studies, such as Li et al.  (2019), propose that CPD depths are 

independent of Moho depths. This independence stems from the distinct characteristics 

of the two boundaries: the Moho represents a lithological boundary, whereas the CPD 

signifies a thermal boundary. 

 

RESULTS 

The methodology used in this study to compute the CPD involved 660 overlapping 

magnetic blocks. Among these, 417 are located within Alberta, with the findings 

summarized in Table 1. On average, the CPD isotherm surface derived from both the 

centroid and fractal methods is approximately the same, at a depth of 23.4 ± 3.5 km. 

However, the CPD determined through the centroid approach appears to be slightly 

deeper than that obtained through the fractal method. Specifically, the mean CPD depth 

calculated using the centroid method is 23.7 ± 3.3 km, while the depth derived from the 

fractal method is 23.0 ± 3.6 km. 
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Overall, CPD is relatively shallow in southwestern Alberta (approximately 15 km), 

particularly beneath the Rocky Mountain Belt. In contrast, the CPD is generally deeper 

under the Interior Plains region, with depths of about 25.0 km under the Rae Craton and 

27.0 km beneath the southeastern portion of the Hearne Craton. Notably, along the 

Snowbird Tectonic Zone (SBTZ), located between the Alberta Basin and the Hearne 

Craton, the CPD appears shallower, at around 20 km. 

The CPD, CPD derived average geothermal gradient, and CPD derived average heat 

flow computed in this study do not account for radiogenic heat generated by uranium (U), 

thorium (Th), and potassium (K) within granitic rocks of the Precambrian basement. 

Radiogenic heat is reported to be significantly high in the Precambrian crystalline 

basement rocks beneath the Western Canada Sedimentary Basin, particularly under the 

Rocky Mountains (e.g., Majorowicz and Weides, 2013; Hyndman, 2023). 

Comparing the CPD results to a global reference dataset developed by Li et al 2017, 

some differences are observed specifically in the area of the Rocky Mountains. The Li et 

al. 2017 model is based on regional, satellite derived magnetic data. Thus, we have higher 

confidence in our new model due to higher quality input data. 

CPD derived average geothermal gradient (average 25.6 ± 5.0 oC/km) and heat flow 

trends align loosely with existing regional heat flow and geothermal gradient data for 

Alberta (Bachu and Burwash, 1994). This is interesting because the Bachu dataset is 

weighted towards well information and shallow heat observations not necessarily linked 

directly to the mantle derived heat. Furthermore, the Lucazeau (2019) global heat flow 

dataset shows similar heat flow values to our results.  

Additionally, the depth to the Moho, as determined through 3D gravity inversion, ranges 

from 35.0 km to 45.6 km, with an average depth of 38.3 ± 2.2  km. The mantle exhibits 

shallower depths in northeastern Alberta, while it deepens in the southwestern region. 

Interestingly, these trends contrast with the observed CPD depths across Alberta. 
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Table 1. Statistical summary of results obtained in this study. 

 

CONCLUSIONS 

This study demonstrates how magnetic data can provide valuable indirect insights into 

the regional distribution of geothermal energy by determining the depth to the bottom of 

magnetic sources (DBMS) from the radial power spectrum of magnetic data. The DBMS 

surface corresponds to the CPD isotherm surface, which both coincide at the Curie point 

temperature of 580°C. At this depth, crustal rocks lose their magnetization, marking the 

boundary of magnetic sources. 
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Using this principle, the CPD isotherm surface was indirectly mapped through the FFT-

based radial averaged power spectrum of residual magnetic intensity (RMI) data. Two 

established methods were applied: the centroid method and the fractal method. The 

centroid method assumes random, uncorrelated magnetization sources, while the fractal 

approach assumes the self-similarity of the power spectrum and includes necessary 

corrections. 

The estimated CPD isotherms range from 8.1 to 30.5 km in depth (centroid method) and 

12.1 to 30.3 km (fractal method), both with an average depth of approximately 23.7 ± 3.3 

km and 23.0 ± 3.6 km, respectively. Although the results are broadly similar, the centroid 

approach generally yields slightly deeper CPD estimates than the fractal method. 

Regionally, CPD depth computed in Alberta varies significantly. In southwestern Alberta, 

particularly under the Rocky Mountain Belt, depths are relatively shallow (~15 km). By 

contrast, deeper CPD depths are found in the cratons of the Interior Plains (~25 km 

beneath the Rae Craton and ~27 km under the Hearne Craton). The Snowbird Tectonic 

Zone (SBTZ) exhibits elevated CPD isotherms, with shallower depths of ~20 km at the 

edge between the Alberta Basin and Hearne Craton. 

Furthermore, the CPD derived average geothermal gradient and heat flow values for 

Alberta, as shown in Table 1 align well with existing regional geothermal gradient and 

heat flow data determined in previous studies (e.g., Majorowicz and Grasby, 2010b). 

However, the calculated CPD, geothermal gradient, and heat flow do not account for 

radiogenic heat generated by uranium, thorium, and potassium within granitic rocks 

abundant in the Precambrian crystalline formations beneath the Western Canada 

Sedimentary Basin (e.g., Majorowicz and Weides, 2014, Hassan & Harms, 2024b) or 

higher frequency near surface variability expected due to localized geological variability. 

Interestingly, the CPD depth estimated in the Canadian Rocky Mountains (~ 15 km) 

agrees with previous studies (e.g., Gaudreau et al., 2019) and is supported by the finding 

from several studies on high thermal anomalies beneath the Rocky Mountains (Hyndman 

and Lewis, 1999; Hyndman and Currie, 2011; Hyndman, 1923).  
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Several geological and thermal characteristics contribute to the shallow CPD isotherm 

observed in the Rocky Mountain Belt: 

1. Thin lithosphere: The lithosphere beneath the Canadian Rockies is relatively thin, 

allowing heat from the mantle to reach the surface more easily (Hyndman, 2010). 

2. Small-scale mantle convection: Convection currents in the mantle beneath the 

Rockies contribute to elevated temperatures, with mantle temperatures reaching 

800–900°C at the Moho (Hyndman, 2010; Bao et al., 2014). 

3. Tectonic activity: The region's tectonic activity, including the interaction of the 

North American Plate with other tectonic plates, generates heat through friction 

and deformation (Hyndman, 2010). 

4. Heat production from radioactive decay: Radiogenic heat generated from the 

decay of radioactive elements such as uranium (U), thorium (Th), and potassium 

(K) in the crust increases the temperature within the crust, leading to higher heat 

flow. This elevated temperature can cause the Curie isotherm to be shallower. The 

heat production under the Cordillera ranges between 2.0 and 5.0 mW/m3 in 

comparison to 1.7 to 3.7 mW/m3 under the cratons (Majorowicz and Grasby, 

2010a). 

5. Geothermal heat flow: The geothermal gradient in the Rocky Mountains is higher 

than in adjacent cratons, leading to increased heat flow. This could be attributed 

to elevated temperatures in the mantle under the Rocky Mountains relative to the 

stable craton areas (Figure 25).  The estimated temperatures at the Moho for most 

of the Cordillera is between 800 °C and 850 °C compared to 400 °C and 450 °C in 

craton areas (Lewis et al., 2003; Hyndman, 2017). 

6. Lithosphere delamination: lithospheric delamination can influence the depth of 

the Curie isotherm in several ways (Bao et al., 2014): 
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• Increases heat flow: When the dense lithosphere detaches it increases heat 

flow from rising asthenospheric material. 

• Thinning of the lithosphere: Delamination results in a thinner lithosphere, 

which reduces the distance between the surface and the heat-producing 

mantle. This contributes to elevated temperatures at shallower depths. 

• Localized magmatism: The upwelling of asthenospheric material can cause 

partial melting, leading to magmatic activity. This further enhances heat flow 

and affects the thermal structure of the region. 

The depth to Moho, determined through 3D gravity inversion in this study, varies between 

35.0 km and 45.6 km, with an average depth of 38.3 ± 2.2 km. Regionally, the Moho is 

shallower in northeastern Alberta (~ 35 km), and deeper (~ 45 km) in the southwestern  

Alberta. Interestingly, these Moho depth trends contrast with the observed CPD across 

Alberta. Although positive correlations between Moho and CPD depths have been 

reported in certain regions, recent studies, such as Chun-Feng Li et al. (2019), suggest 

that CPD depths are independent of Moho depths. This is due to the distinct nature of 

these boundaries: the Moho represents a lithological boundary, while the CPD reflects a 

thermal boundary.  

However, most of the North American Cordillera, in which the Rocky Mountains represent 

its easternmost part, is considered to have a relatively thin crust (For example, Hyndman 

and Currie, 2011) despite its high elevations, which is often attributed to the hot backarc 

environment and thermal expansion, rather than a thickened crustal root. Thus, most of 

the Cordillera region has undergone significant crustal extension, leading to a thin 

lithosphere and high heat flow, much like the Basin and Range Province in western USA. 
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Attached are the results of computing CPD over Alberta. The grids are in Geosoft format. 

MERGED_gravity_magnetic_data 

MERGED_BOUGUER_2km_TM10CM115_N83.grd  Merged Bouguer Gravity Grid 

MERGED_RMI_200m_TM10CM115_N83.grd  Merged RMI magnetic grid 

MOHO-from_3D_gravity_inversion 

Depth_Moho.grd  Depth to Moho grid 

Observed_Bouguer_gravity.grd  Observed gravity (input data) 

Bouguer_Calculated.grd  Calculated Bouguer gravity by forward modelling 

Diff_Obs-Cal_gravity.grd  Difference between observed gravity and model gravity (i.e. error) 

RESULTS_Centroid_method 

CPD_centroid_method.grd  Depth to Curie point depth using centroid method 

Geothermal_gradient_centroid_method.grd  Geothermal gradient using centroid method 

Heat_flow_Centroid_method.grd  Heat flow using centroid method 

CPD_Centroid_method.xlsx  Excel sheet of results of centroid method 

RESULTS_Fractal_method 

CPD_Fractal_method.grd  Depth to Curie point depth using fractal method 

Geothermal_gradient_Fractal_method.grd  Geothermal gradient using fractal method 

Heat_flow_Fractal_method.grd  Heat flow using fractal method 

CPD_Fractal_method.xlsx  Excel sheet of results of fractal method 

 

DATA PROJECTION  

Projection: Alberta 10 TM  

Datum: NAD83 (WGS84)  

Central Meridian: 115 West  

False Easting: 500000 meters  

False Northing: 0 meters  

Scale Factor: 0.9992 
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