
AER/AGS Special Report 114 

Interpretation of 
Geophysical Data, West-
Central and Southern 
Alberta, to Support 
Investigations of He and Li 
Resource Potential



AER/AGS Special Report 114 

Interpretation of Geophysical Data, West-
Central and Southern Alberta, to Support 
Investigations of He and Li Resource 
Potential

J. McKenzie, E. Ronacher and F. Farahani

Ronacher McKenzie Geoscience 

June 2022



AER/AGS Special Report 114 • iii 

©Her Majesty the Queen in Right of Alberta, 2022 
ISBN 978-1-4601-4938-6 

The Alberta Energy Regulator / Alberta Geological Survey (AER/AGS), its employees and contractors 
make no warranty, guarantee or representation, express or implied, or assume any legal liability regarding 
the correctness, accuracy, completeness or reliability of this publication. Any references to proprietary 
software and/or any use of proprietary data formats do not constitute endorsement by the AER/AGS of 
any manufacturer’s product. 

If you use information from this publication in other publications or presentations, please acknowledge the 
AER/AGS. We recommend the following reference format: 

McKenzie, J., Ronacher, E. and Farahani, F. (2022): Interpretation of geophysical data, west-central and 
southern Alberta, to support investigations of He and Li resource potential; Alberta Energy Regulator/
Alberta Geological Survey, AER/AGS Special Report 114, 35 p. 

Publications in this series have undergone only limited review and are released essentially as submitted by 
the author. 

Author addresses: 
J. McKenzie, E. Ronacher, F. Farahani
Ronacher McKenzie Geoscience
130 King Street West, Suite 1900
Toronto, ON M5X 1E3
Canada

Published June 2022 by: 
Alberta Energy Regulator 
Alberta Geological Survey 
4th Floor, Twin Atria Building 
4999 – 98th Avenue 
Edmonton, AB  T6B 2X3 
Canada 

Tel: 780.638.4491 
Email: AGS-Info@aer.ca 
Website: www.ags.aer.ca 

mailto:AGS-Info%40aer.ca
http://www.ags.aer.ca/


AER/AGS Special Report 114 • iv 

Foreword 
The Western Canadian Sedimentary Basin (WCSB) has a long history of oil and gas development, but a 
global shift towards more sustainable energy solutions has created a renewed interest in the WCSB for the 
exploration and development of critical minerals. Two of the minerals garnering interest are lithium, 
driven by an increasing demand for use in modern technologies such as rechargeable batteries; and 
helium, driven by an increasing demand for use in medical and technology industries as well as a 
depletion of the United States helium reserves in storage.

In 2020, the Alberta Geological Survey (AGS) began a project to investigate Alberta’s prospectivity for 
lithium and helium resources. Structural features in the Alberta basin may allow fluid to migrate upwards 
from the Precambrian basement, and this fluid could be related to lithium-enriched brines and/or helium-
rich gas reservoirs. As a part of the lithium and helium project the AGS decided to investigate this 
possibility.

In November 2020, Ronacher McKenzie Geoscience was contracted to use publicly available geophysical 
data to provide a structural interpretation and highlight features of interest in two specified areas: 1) near 
the Peace River Arch in west-central and northwestern Alberta (NTS map sheets 83F, K, M, and N; 84C 
and D); and in southern Alberta, south of Lethbridge (NTS map sheets 72E and 82H). The associated GIS 
data files are available in AER/AGS Digital Data 2021-0020.

This report provides the results of the geophysical interpretation. This interpretation does not include any 
relationships to lithium, helium, or fluid flow regimes, but rather is a look at features found in the 
geophysical data. Aside from the cover, copyright information, and this page, the report is published as-
received from the vendor. The publication should not be taken as a promotion or endorsement of the 
vendor.
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1 INTRODUCTION 

The Alberta Geological Survey (“AGS”) commissioned Ronacher McKenzie Geoscience (“Ronacher McKenzie”) 

to complete a structural interpretation of geophysical data in the areas of interest identified by the AGS as part 

of their helium and lithium prospectivity project.  

Publicly available geophysical data was obtained and reviewed for this project. All coordinates are listed in 

NAD83, UTM zone 11 N (Peace River Arch area) and 12N (Southern Alberta area).   

1.1 Ronacher McKenzie Geoscience Qualifications 

Ronacher McKenzie Geoscience Inc. is an international consulting company with offices in Sudbury and 

Toronto, Ontario, Canada. Ronacher McKenzie’s mission is to use intelligent geoscientific data integration to 

help mineral explorers focus on what matters to them. We help a growing number of clients understand the 

factors that control the location of mineral deposits.  

With a variety of professional experience, our team’s services include: 

• Data Integration, Analysis and Interpretation

• Geophysical Services

• Project Generation and Property Assessment

• Exploration Project Management

• Resource Estimation and Independent Technical Reporting

• Project Promotion

• Lands Management

The primary Qualified Person and co-author of this Report is Ms. Jenna McKenzie, Hons. B.Sc., P.Geo. Ms. 

McKenzie is co-founder and Principal Geophysicist of Ronacher McKenzie Geoscience and a geoscientist in 

good standing with Professional Geoscientists Ontario (PGO#1653). Ms. McKenzie has worked as a 

geophysicist since 2001 in the exploration and mining industry on a variety of exploration properties such as 

porphyry-copper, gold, VMS, Ni-Cu-PGE, diamond-bearing-kimberlite and potash. Ms. McKenzie has worked 

on a variety of deposit types with specific focus on geophysics surveying and interpretation. Ms. McKenzie is 

responsible for this report and did not visit the Property.  

The other co-author of this Report is Elisabeth Ronacher Ph.D., P.Geo. Dr. Ronacher is co-founder and Principal 

Geologist of Ronacher McKenzie Geoscience and a geoscientist in good standing with Professional 

Geoscientists Ontario (PGO #1476). Dr. Ronacher has worked as a geologist since 1997 with academia and 

industry on a variety of commodities such as Au, Cu, bas-metal, Cu-Ni-PGE and U. She has worked on a range 

of deposit types. Dr. Ronacher is responsible for Section 3 – Geological Setting of this report and did not visit 

the Property. 
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Additionally, Farzaneh Farahani, MSc, P.Geo, a geoscientist in good standing with Professional Geoscientists 

Ontario (PGO #3074) assisted with data processing and presentation.  Ms. Farahani is a project geophysicist 

with Ronacher McKenzie.  

Statements of Qualification are provided in Appendix 1. 

2 PROJECT LOCATION 

The project consists of two main areas. The first area, named Peach River Arch (“PRA”) comprises of NTS map 

sheets 084D, 084C, 084B, 083M, 083N, 083K, 083F. The coordinates for PRA are listed in NAD83 UTM Zone 

11N. The second area, named Southern Alberta (“SAB”), comprises of NTS map sheets 082H and 072E. The 

coordinates for SAB are listed in NAD83 UTM Zone 12N. An overview of both project areas can be found in 

Figure 2-1.  

 
Figure 2-1. Peace River Arch and Southern Alberta project locations 
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3 GEOLOGICAL SETTING  

3.1 Regional Basement Geology 

In both study areas, sedimentary rocks of the Western Canada Sedimentary Basin cover the basement rocks 

of the Precambrian Shield thus limiting direct investigation of the rocks. Ross et al. (1994) used geophysical 

data to delineate structures and litholgic domains under the sedimentary basin. In addition, about 400 drill 

holes reached basement rocks. However, because of the uneven distribution of the drill holes, the basement 

is still not well understood in the study areas (Burwash et al., 1994). 

Burwash et al. (1994) described signifant variations in basement elevation due to preferential erosion of less 

comptent rock units. Some regional faults were interpreted within the Precambrian basements, including the 

Hay River fault zone just northwest of the Peace River study area, and faults at the western edge of the 

Canadian Shield (Figure 3-1). 

Those drill holes that extend to the basement provided insight into the basement lithology. Burwash et al. 

(1994) list the following rock types as being the most abudnant: quartzo-feldspathic gneiss, granitoids, 

granulites, metasedimentary rocks, mylonite and amphibilite.  

 

3.1.1 Peace River Arch 

The basement in the Peace River Arch study area consists dominantly of metamorphic belts (Burwash et al, 

1994). Hoffman (1989) interpreted geophysical data and delineated servaral different domains in the Peace 

River study area: (1) the Bullalo Head terrane, (2) the Chinchaga terrane, (3) the Ksituan Early Proterozoic (2.00-

1.90 Ga) continental margin magmatic arc and (4) the Wabamun domain, a belt of mylonitic granulies that forms 

a part of the Snowbird orogen; its age is unknown (Figure 3-2).  
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Figure 3-1. Precambrian Structure. From Burwash et al 1994 
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Figure 3-2. Map showing interpreted basement geological units (from Ross et al., 1997). 
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3.1.2 Southern Alberta south of Lethbridge 

The SAB area is located entirely in Hoffman’s (1989) Medicine Hat Block of the Hearn Province. The southern 

boundary of the Medicine Hat Block is the Great Falls tectonic zone, which is located south of the Canada-

USA border. The northern boundary of the block is the Vulcan low, which is interpreted to be a north-dipping 

suture within the Hearn Province (Hoffman, 1989) 

4 STRUCTURAL OBSERVATIONS AND INTERPRETATION 

4.1 Methodology 

Structural observations were made from publicly available geophysical data including magnetic data, gravity 

and digital elevation. Geophysical data was sourced from Natural Resources Canada’s Geoscience Data 

Repository for Geophysical Data (Government of Canada, 2016), the United States Geological Survey (“USGS”) 

Magnetic Map of North America (United States Geological Survey, 2002) and digital elevation data was 

sourced from the Shuttle Radar Topography Mission (“SRTM”) 1 Arc Second Global dataset (United States 

Geological Survey, 2021).  

The magnetic data was clipped to the areas of interest and several filters were applied to highlight different 

aspects of the underlying geology. The filters applied are listed in Table 4-1. Filters were provided in standard 

RGB colour scale and in isoluminant format (Peter, 2015). All magnetic filter products can be found in Appendix 

2 – Map Products.  

Table 4-1. Magnetic filters applied to the areas of interest. 
Product Description 

TMI Total magnetic intensity 

VD1 First vertical derivative 

VD2 Second vertical derivative 

AS Analytic signal 

RTP Reduction to pole ("RTP") 

RTP_BW Reduction to pole - black and white 

RTP_VD1 First vertical derivative of RTP 

RTP_VD1_BW First vertical derivative - black and white 

RTP_VD2 Second vertical derivative of RTP 

RTP_THDR Total horizontal derivative of RTP 

RTP_THDR_VD1 First vertical derivative of total horizontal derivative 

RTP_TDR Tilt filter of RTP 

RTP_HD_TDR Horizontal derivative of tilt filter 

RTP_AREA Filter highlighting consistent areas of RTP 

RTP_EDGE Filter highlighting edges of RTP 

STRUCTURE RGB Ternary product: R-VD1, G-dx, B-dy; Highlights structures 

GEOLOGY RGB Ternary product: R-TMI, G-VD1, B-VD2; Highlights geologic boundaries 
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The structural analysis method employed in this report consists of three stages: Observation, Compilation and 

Interpretation. Airborne data was filtered to produce various products highlighting different structures; key 

observations were recorded and interpreted in a large-scale context. All postulated structures and domain 

settings were evaluated against previously interpreted structures compiled by the Alberta Geological Survey 

(Pana, Waters, & Grobe, 2001). It is noted that several of Pana et al.’s (2001) interpreted structures refer to the 

sedimentary cover as opposed to the basement. 

4.2 Magnetics 

The analysis of magnetic data follows the flowchart methodology developed by Siddorn (Siddorn, 2010). Raw 

observations were recorded from magnetic filter products within the area of interest. The magnetic data was 

then viewed extending beyond the borders of the project area to determine structures and other features that 

may be impacting the project area. The magnetic data predominantly reflect changes in basement geology 

rather than overlying sedimentary units.  

4.2.1 Peace River Arch area  

The Peace River Arch (“PRA”) area has a relatively thin sedimentary cover in the north east of the project area 

and substantially deepens towards the south west, with depth to basement estimated at up to 7,000 m. 

Observations from magnetic data are displayed in Figure 4-1. Once observations were complete, a separate 

layer of interpretation lines was created and is displayed in Figure 4-2. 
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Figure 4-1. PRA magnetic observations. PRA_RTP_VD2 underlain 
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Figure 4-2. PRA magnetic interpretation. PRA_RTP_VD2 underlain 

 

Comparing the interpretation to Figure 3-2, it appears that the features align with the tectonic domains and 

likely represent geological boundaries (Figure 4-3).  
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Figure 4-3. Comparison of observation lines with tectonic domains 

 

Figure 4-4 shows higher frequency magnetic features in the north east of the project indicating a shallower 

depth to basement in this area. The magnetic features become increasingly blurry as the thickness of the 

sedimentary cover increases, making any interpretations more difficult. 
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Figure 4-4. PRA interpretation with depth to basement overlain.  

 

Figure 4-5 shows a prominent NW trending feature crosscutting the PRA project area. It represents a major 

discontinuity in the magnetic data and is interpreted to be a major domain boundary and possibly a shear 

zone.  
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Figure 4-5. PRA Interpretation – northwest feature. PRA_EXT_RTP_VD2_BW is underlain. 

 

Figure 4-6 shows two observations in the north east of the project area that are interpreted to be faults. A 

significant change can be noted in the magnetics in the NW trending feature which aligns with a shear zone 

delineated by Pana et al. (2001).  
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Figure 4-6. PRA Interpretation with PRA_EXT_RTP_VD2_BW in background. 

Figure 4-7 denotes a N-NNE trending feature just west of the project boundary. The contrast is noted on the 

RTP and other filter products. This is a prominent feature and is interpreted as a contact between Hoffman’s 

(1989) Ksituan magmatic arc and Ross et al.’s (1994) Kiskatinaw domain (Figure 4-3).  
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Figure 4-7. Feature noted west of project area. Interpreted as a contact. PRA_EXT_RTP in background 
 
 

 

Finally, a NE trending feature is noted in the southern portion of the project area, highlighted in Figure 4-8. It 

interrupts other trends and is interpreted as a fault. The NE trending features just east of the area of interest is 

interpreted to be a contact between magnetically different units or domains. 
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Figure 4-8. NE trending feature in southern area of project. Interpreted as a fault. PRA_EXT_RTP_VD2_BW in background 
  

 

4.2.2 Southern Alberta south of Lethbridge 

A similar process was applied to the Southern Alberta area south of Lethbridge (“SAB”). The area has thinner 

sedimentary cover that PRA, with an average of 2000 m in the centre of the project and deepening to 5300 

m towards the west.  

Given the proximity of the project to the Canada/United States border, the Magnetic Map of North America 

provided by the USGS was primarily used for the regional overview. However this dataset is noted to be of 

poorer quality compared to the dataset provided by Natural Resources Canada. There appear to be artifacts 

in the regional dataset, especially south of the project area in the US.  

Magnetic observations were observed and are displayed in Figure 4-9. Once observations were complete, a 

separate layer of interpretation lines was created and is displayed in Figure 4-10. 
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Figure 4-9.  SAB area displayed in colour (SAB_RTP_VD2) with SAB_EXT_RTP_VD2_BW underlain 
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Figure 4-10. SAB interpretation layer. SAB_RTP_VD1 in colour with SAB_EXT_RTP_VD2_BW underlain 

 

Several high-frequency NW trending features were noted throughout the dataset. These features were 

discussed and modelled by Ross et al. (1997). They suggested they may be dyke-like igneous bodies in the 

sedimentary column, and correlated them with Eocene mafic potassic dykes in the Sweet Grass Hills of SAB. 

An example of these features can be seen in Figure 4-11.  
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Figure 4-11. SAB – high-frequency NW trending magnetic features noted on SAB_RTP_VD2. Interpreted by Ross et al 
(1997) as dyke-like igneous bodies intruding sedimentary column.  

 

Figure 4-12 highlights two intersecting structures interpreted in the western part of the project. The NW 

trending structures is interpreted to be a fault, as suggested on the RTP in Figure 4-13. 
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Figure 4-12. SAB – Intersecting structures in the western portion of the project. SAB_EXT_RTP_VD2_BW underlain.  
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Figure 4-13. SAB – TMI suggests faulting, especially in NW trending feature. SAB_EXT_RTP_BW displayed. 

 

A NW trending feature is observed in the centre of the project area and is highlighted in Figure 4-14. The 

feature is noted to break several north-south trending magnetic units and is interpreted as a fault.  
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Figure 4-14. SAB – NW trending fault through project area. SAB_EXT_RTP_VD2 underlain 

 

A N to NNW trending set of features occurs in the northeastern area of the project, displayed in Figure 4-15. 

The offset in the magnetics suggest these features are faults.  
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Figure 4-15. SAB – NNW trending fault in northeastern area of project. SAB_EXT_RTP (colour) transparently overlaying 
SAB_EXT_RTP_VD2_BW. 

 

4.3 Digital Elevation Model 

SRTM digital elevation data was reviewed and clipped to each project area. Several linear features were 

observed. In addition, a first-vertical derivative was calculated to enhance surficial linear features. These 

features are surficial and a correlation with the magnetic observations is not expected because the latter reflect 

features in the basement. Observations for the PRA project are found in Figure 4-16 and observations for the 

SAB project area are found in Figure 4-17.  
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Figure 4-16. DEM observations in PRA area. PRA_DEM overlying PRA_EXT_DEM_VD1 displayed 
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Figure 4-17. DEM observations in SAB area. SAB_DEM overlying SAB_EXT_DEM_VD1 displayed 

 

4.4 Gravity Data 

Gravity data was obtained from Natural Resources Canada’s Geoscience Data Repository for Geophysical 

Data (Government of Canada, 2016). It was not reviewed in detail but magnetic observations and 

interpretations were examined against the gravity data corroborated both project area interpretations.  
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Figure 4-18. First vertical derivative of corrected bouguer - PRA area 
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Figure 4-19. First vertical derivative of corrected bouguer - SAB area 

 

 

5 CONCLUSIONS AND RECOMMENDATIONS 

Several structures were delineated from the magnetic data as a result of this analysis. 

The features delineated in the PRA area are long and continuous with few breaks suggesting a ductile 

environment. Few cross-cutting relationships were observed. It should be noted that the magnetics is likely 

reflecting the basement geology, and given the substantial sedimentary cover, only the most strongly magnetic 

features are delineated, so it is difficult to conclude definitively that the environment was high 

pressure/temperature for ductile conditions. 
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Apart from the Great Slave Lake Shear Zone occurring north of the PRA area, no other major tectonic structures 

described by Burwash (1989) are noted within the PRA or SAB areas.  

In the centre of the SAB area, a NS trend of magnetic features was observed. This trend is crosscut by an 

interpreted fault. High-frequency NW trending features were observed, previously interpreted as a mafic dyke 

swarm intruding the sedimentary column (Ross, Mariano, Dumont, Kjarsgaard, & Teskey, 1997).  

It is recommended to integrate the interpreted structures with other data that the AGS may use for the ongoing 

interpretation in efforts to delineate zones for He and Li prospectivity.  

It is also recommended to review other data in the area (seismic, Lithoprobe) to further understand the 

basement geology structure. 
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