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Abstract 
 
The inversion of new compilations of aeromagnetic data and gravity data are employed to 
investigate the 3-D physical property (magnetic susceptibility and density) distribution within the 
Great Bear magmatic zone. The application of two different software suites (Geosoft VOXI and 
UBC GIF MAG3D and GRAV3D) affords a comparison of approaches and results. The magnetic 
susceptibility results are broadly compatible, but Geosoft VOXI enabled more detailed definition 
of shallow sources, due to the lower upward continuation required for a resulting smooth model. 
The density results were markedly different in how the model responded to the low-resolution 
gravity data, in characterization of the near-surface. GRAV3D extrapolated shallow sources to 
surface, whereas Geosoft VOXI smoothed and closed the top of shallow sources below surface. 
The different magnetic susceptibility and density models can be used to assess the physical 
property distribution and relationships across the region. One approach, applied here, is to 
combine the near-surface magnetic susceptibility and density results to identify zones of 
coincidently high physical properties, a common physical property relationship associated with 
IOCG mineral deposits. These integrated models highlight many of the region’s known mineral 
occurrences and reveal other zones for further analysis. 
 
Introduction 
 
The Great Bear magmatic zone (GBMZ) is a Paleoproterozoic continental magmatic arc in the 
Northwest Territories, Canada. The region hosts polymetallic iron oxide-copper-gold (IOCG) and 
iron-rich gold-cobalt-bismuth-copper deposits as well as iron oxide-apatite, albitite hosted uranium, 
skarn hosted tungsten and many other types of mineral prospects (Fig. 1) (e.g., Hildebrand 1986; 
Hildebrand et al. 1987; NORMIN database, NTGO 2012; Corriveau et al. 2010a,b, 2016, 2022a-e; 
Montreuil et al. 2015, 2016a, b; Potter et al. 2019). 
 
IOCG deposits include a broad range of magnetite-, magnetite-to-hematite and hematite-group 
deposits, and are affiliated to an even wider range of deposit types with critical and precious metals 
such as iron oxide-apatite, iron-rich cobalt, skarn iron and skarn tungsten, and albitite-hosted uranium 
deposits (Hitzman et al. 1992; Williams et al. 2005; Corriveau et al. 2010a, 2016, 2022c,e; Williams 
2010a; Porter 2010; Groves et al. 2010; Hofstra et al. 2021). Deposits form in tectonically active 
environments (Oliver et al. 2008; Porter 2010; Skirrow 2010; Montreuil et al., 2016a; Ootes et al., 
2017) through regional metasomatism that transforms components of the upper crust into mineral 
systems with iron oxide alkali-calcic alteration as well as iron oxide-poor to iron-poor alteration 
(Corriveau et al. 2022a, c; Gadd et al. 2022), commonly with large breccia zones (Jébrak 2010).  
 
Intense alteration results in major changes in the mineralogy, chemical composition, and physical 
properties of the rocks (Sandrin et al. 2009; Corriveau et al. 2010a, 2016, 2022a; Montreuil et al. 2013; 
Enkin et al. 2016; Blein et al. 2022). Collectively magnetite (with intense retrogression to hematite), 
magnetite-amphibole, magnetite-K-feldspar, biotite-magnetite, and hematite (very locally with intense 
retrogression to magnetite) alteration may lead to, broadly coincident, high-amplitude magnetic and 
gravity anomalies due to an increase in the magnetic susceptibility and density (Belperio 2007; 
Williams 2010b). At IOCG deposits such as at the Au-Co-Bi-Cu NICO deposit, a cobalt rich deposit 
with zones of IOCG mineralization located in the GBMZ, (Hayward et al. 2016), and at the IOCG 
Prominent Hill, and Carrapateena deposits in Australia (Belperio 2007; Porter 2010b), polymetallic 
mineralisation occurs in association with high gravity anomalies, spatially adjacent to, or overlapping 
with, high magnetic anomalies resulting from changes in alteration facies and local structure (Clarke 
2014). Modeling of Australian deposits is based on high-resolution regional gravity and magnetic data 
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enhanced with even higher resolution at deposit-scale for a spacing varying between 100 m and 4000 
m for the gravity data and 400 m for the magnetic data (Katona and Fabris 2022). Of note, even 
though the ore zone of the supergiant Olympic Dam deposit is ~6 km long by 3 km wide and at least 
800 m deep (Fig. 10 in Corriveau et al. 2022d), the deposit footprint would not have been visible with 
a 10 km spaced gravity data set; it was drilled because of the proactive decision of the South 
Australian government to make a 6 x 6 km grid instead of the more normal 10 x 10 km grid in the 
1970s (Isles 2017). 
 
The compilation (Fig. 2, Hayward and Oneschuk 2011; Hayward and Tschirhart 2021) and 
interpretation of aeromagnetic, gravity and rock physical property data (Hayward et al. 2013; Hayward 
and Corriveau 2014; Enkin et al. 2016; Hayward et al. 2016), have provided details of the character 
and distribution of IOCG prospects, across what is a large area (> 50,000 km2) of inaccessible terrain 
in the GBMZ. The work herein, builds on the 2-D based approaches of Hayward et al. (2013), where 
the magnetic, gravity and pseudo-gravity data were processed and integrated with rock physical 
property data to define zones of coincident high magnetic susceptibility and density. These techniques 
were successful in identifying zones potentially related to IOCG deposits and their alteration systems, 
but the range of 2-D techniques employed did not directly account for the 3-D distribution of the 
magnetic susceptibility and density sources. 
 
To investigate the 3-D physical property distribution, new compilations of aeromagnetic data 
(Hayward and Tschirhart 2021) and gravity data are inverted to provide models of magnetic 
susceptibility and density contrast. Application of two geophysical inversion software suites, Geosoft 
VOXI Earth Modelling (Seequent 2022) and UBC GIF MAG3D and GRAV3D (Li and Oldenburg 
1996, 1998), affords a comparison of approaches and results. The preferred results are used to 
highlight zone of mutually high magnetic susceptibility and density. Other deposit types prospective 
within the GBMZ systems may have abundant iron but as silicates, carbonates and sulphides which 
will impact significantly the geophysical footprints of the deposits (Corriveau et al. 2022c, e; 
Montreuil et al. 2022). The modelling conducted herein is not tailored to these deposit types. 
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Figure 1: Location and regional geology of the Great Bear magmatic zone, Canada. Geology 
simplified from Hildebrand (2011), Hoffman and Hall (1993), Jackson (2008), and Gandhi et al. 
(2001). Black triangles show selected mineral prospects discussed in the text. Crossed hammers 
show the location of historical mines. Circled stars show the location of known mineral deposits. 
NE-striking faults derived from geophysical anomalies under the sedimentary cover to the west of 
the GBMZ are located on figure although they do not cut across the Paleozoic cover. 
 
Magnetic and gravity data 
 
Bouguer gravity data from the vicinity of the NICO deposit (Figs. 1, 2b and 3a) were gridded at 1 
km cell size and levelled by 1.09 mGal prior to compilation with regional gravity data 
(Geological Survey of Canada 2017a). Regional gravity data were acquired by the Canadian 
Geodetic Survey and Geological Survey of Canada between 1944 and 2015 at a nominal station 
spacing of ~10 km. All data are tied to the International Gravity Standardization Network 1971 
(IGSN 71; Morelli 1974). Following terrain corrections and reduction to a standard crustal 
Bouguer density of 2.67 g/cm3, the data were gridded at 2 km cell size (Figs. 2b and 3a).  
 
Aeromagnetic data, IGRF corrected and compiled from available public (Geological Survey of 
Canada 2017b; Hayward and Tschirhart 2021) and industry data in the vicinity of the NICO 
deposit. The data, initially gridded at 100 m cell size, provide almost complete high-resolution 
data coverage (Figs. 2a and 3c). 
 
Rock physical property measurements of rocks sampled from the GBMZ (Hayward et al. 2013; 
Enkin et al. 2016) have a mean magnetic susceptibility of ~0.09 (SI) and a mean density of 
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~2.795 g/cm3. It is noted, however, that as the majority of the rocks were sampled from highly 
altered and mineralized rocks (Enkin et al. 2016) they may not be representative of the regional 
variation.  
 

 
 
Figure 2: a) Aeromagnetic data and, b) Bouguer gravity data compilations for the Great Bear 
Magmatic Zone. 
 
3-D inversion of gravity and magnetic data 
 
Bouguer gravity data and aeromagnetic data were inverted to provide, respectively, models of the 
3-D distribution of density and magnetic susceptibility within the GBMZ. For the study herein, 
the focus of these inversions was in defining the upper crustal physical property distribution, with 
the intention to identify zones of coincident or contrasting, density and magnetic susceptibility. 
Superimposed or juxtaposed zones of high density and magnetic susceptibility are often found in 
association with IOCG deposits (Belperio 2007; Porter 2010b; Hayward et al. 2013; Clarke 2014; 
Hayward et al. 2016).  
 
To compare the effectiveness of different approaches, the gravity and magnetic data were inverted 
using two different software suites, the UBC GIF suite, GRAV3D and MAG3D (Li and 
Oldenburg 1996, 1998), and the Geosoft VOXI Earth Modelling (Seequent 2022). 
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Figure 3: Potential field data for the model area, a) Bouguer gravity data for the 3-D inversion 
model. Black dots show station locations. b) Bouguer gravity data upward continued by 5 km and 
reduced through the subtraction of a version of the data upward continued by 50 km. c) Magnetic 
data, d) Magnetic data upward continued by 2.7 km. 
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Figure 4: Observed versus Predicted anomalies from the 3-D inversion of gravity and magnetic 
data using the UBC GIF suite. a) Observed Bouguer anomaly, upward continued by 5 km. b) 
Predicted gravity anomaly for reference density of 0.3 g/cm3. c) Predicted gravity anomaly for a 
reference density of -0.3 g/cm3. d) Observed aeromagnetic anomaly, upward continued by 5 km. 
e) Predicted magnetic anomaly. 
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Gravity Inversion: UBC GIF suite, GRAV3D 
 
Following extensive inversion model testing, the preferred gravity inversion model was constructed as 
follows. The model was built on a 3-D rectangular mesh with a core cell size of 5 x 5 x 1 km, 
determined to be a good compromise between computational size, model resolution, and artefacts. 
Padding to a lateral distance/depth (70/1000 km) limited artefacts at model edges. Topography was 
defined by a 1 km cell sized grid sampled from ETOPO1, a global relief model of Earth's surface at 1 
arc-minute resolution (Amante and Eakins 2009). Bouguer gravity data were upward continued by 5 
km in order to minimise shallow-sourced perturbations and noise. To isolate the upper crustal 
responses, the Bouguer gravity data upward continued to 50 km, were then subtracted (Figs. 3b and 
4a). Bouguer data were extracted (2803 stations) from the processed grid at original station locations 
(Fig. 3a) and ascribed a mean error of 1 mGal.  
 
The 3-D inversion of gravity data was performed using GRAV3D (Li and Oldenburg 1998). 
Therein, the inverse problem is solved by minimizing the data misfit between the observed and 
predicted anomaly subject to model constraints; a trade‐off parameter is used to balance the data 
fit and model smoothness. Two models were created using reference density contrasts of 0.3 and -
0.3 g/cm3, focused on high and low density contrasts respectively (Figs. 5a, b and 6a, b). The 
models provide a good fit to the observed anomalies (Fig. 4), both with an RMS of 0.98 mGal. 
 
 

 
 
Figure 5: 3-D inversion model results for UBC GIF suite, GRAV3D and MAG3D. a) Positive 
density contrast (reference density = +0.3 g/cm3) model, b) Negative density contrast (reference 
density = -0.3 g/cm3) model, c) Magnetic susceptibility model (reference density = 0.03 SI). 
 
Magnetic Inversion: UBC GIF suite, MAG3D 
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Following extensive inversion model testing, the preferred magnetic inversion model was 
constructed as follows. The model was built on a 3-D mesh with a core cell size of 1 x 1 x 1 km, 
determined to be a good compromise between computational size, model resolution, and artefacts. 
Padding to a distance/depth (70/1000 km) limited artefacts at model edges. Topography was 
defined by a 1 km cell sized grid sampled from ETOPO1 (Amante and Eakins 2009). 
 
The gridded aeromagnetic data were upward continued by 2700 m to minimise shallow-sourced 
perturbations and noise, downsampled to a cell size of 2 km (28860 points), and ascribed a mean 
error of 5 nT. The magnetic field parameters were set to: inclination 82º, declination 30º, and 
magnetisation 59860 nT approximated from the IGRF for the time and location of data 
acquisition. The reference magnetic susceptibility used in the inversion was 0.03 (SI), which 
provided a good compromise between isolating the high susceptibility regions whilst minimizing 
artefacts. The model provides a good fit to the observed anomalies (Fig. 4), with an RMS of 4.98 
nT. 
 
 

 
 
Figure 6: Windowed 3-D inversion model results for UBC-GIF inversion results for a) Positive 
density contrast model showing contrasts greater than 0.03 g/cm3, b) negative density contrast 
model showing contrasts less than -0.03 g/cm3, c) magnetic susceptibility model showing values 
of greater than 0.03 SI. 
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Figure 7: Observed versus predicted anomalies from the 3-D inversion of gravity and magnetic 
data using the VOXI. a) Observed Bouguer anomaly, upward continued by 5 km. b) Predicted 
gravity anomaly. c) Observed magnetic anomaly for the Northern GBMZ. d) Predicted magnetic 
anomaly for the Northern GBMZ. e) Observed magnetic anomaly for the Southern GBMZ. f) 
Predicted magnetic anomaly for Northern GBMZ. 
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Gravity Inversion: Geosoft VOXI Earth Modelling 
 
Following extensive inversion and model testing, the preferred VOXI gravity inversion model 
was constructed as follows. The model was built using a 3D mesh with a size of 2 x 2 km. The 
initial z cell size was 200 m using an expansion ratio of 1.08 and extending to a depth of 40 km. 
Horizontal padding extended 5 cells using an expansion ratio of 1.5 and vertical padding extended 
10 cells using an expansion ratio of 1.5. Topography was defined by a 1 km grid sampled from 
Shuttle Radar Topography Mission (SRTM) dataset.  
 
The gridded ground gravity data was upward continued to 5 km (Fig. 5a) in order to minimise 
shallow-sourced perturbations and noise, ascribed a relative error of 5%, and a linear trend 
background was removed. No reference density model was used for the inversion and the physical 
property bounds were set to -1 to 1.  We used the Iterative Reweighting Inversion (IRI) set to 2 to 
sharpen smooth inversion results and lowered the computational acceleration to 0.001 to minimise 
artefacts at depth that resulted when testing higher computational acceleration values. The model 
(Fig. 8) provided a good fit with the observed anomalies (Fig. 7a, b). 
 

 
 

Figure 8: a) 3-D Gravity inversion results using VOXI, windowed to a depth of 5 km; b) 
windowed 3-D inversion model results for density values greater than 0.01 g/cm3. 
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Magnetic Inversion: Geosoft VOXI Earth Modelling 
 
Following extensive inversion and model testing, the preferred VOXI magnetic inversion model 
was constructed as follows. The model was built using a 3D mesh with a core size of 1 x 1 km to 
mimic the horizontal mesh size used for the MAG3D inversion. The initial z cell size was 250 m 
using an expansion ratio of 1.1 and extending to a depth of 40 km. Horizontal padding extended 5 
cells using an expansion ratio of 1.5 and vertical padding extended 10 cells using an expansion 
ratio of 1.5. Topography was defined by a 1 km grid sampled from Shuttle Radar Topography 
Mission (SRTM) dataset.  
 
The gridded aeromagnetic data was upward continued by 300 m (Fig. 7c. e) to minimise shallow-
sourced perturbations and noise, and ascribed a relative error of 5%. The magnetic field 
parameters were set to: inclination 82.6º, declination 22.5º, and magnetisation 59133 nT and a 
linear trend background was removed. No reference susceptibility model was used for the 
inversion. We used the Iterative Reweighting Inversion (IRI) set to 2 to sharpen smooth inversion 
results and lowered the computational acceleration to 0.0005 to minimise artefacts at depth that 
resulted when testing higher computational acceleration values. The model (Fig, 9) provided a 
good fit with the observed anomalies (Fig. 7d, f). 
 
 

 
 

Figure 9: a) 3-D Magnetic inversion results using VOXI. b) Model clipped above a depth of 1 
km. c) Model clipped above a depth of 1 km and windowed to magnetic susceptibility values 
greater than 0.001 SI.  
 
Combination of magnetic susceptibility and density models 
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To investigate near-surface regions with coincidently high magnetic susceptibility and density 
contrast, model results were first clipped to a depth of 10 km and then windowed to include only 
their highest physical properties above a user-defined threshold. The selected magnetic 
susceptibility and density contrast models were then merged (Figure 10). Results using the VOXI 
magnetic susceptibility model (Figure 10a) provide a more detailed result than those using the 
MAG3D magnetic model (Figure 10b). This difference is primarily attributed to the upward 
continuation that was required for a smooth model result in the MAG3D inversion, which reduced 
the short-wavelength/near-surface magnetic signal. 
 
The 3 density contrast models and 2 magnetic susceptibility models are provided to the reader, in 
both Geosoft voxel and ascii format, so that they may explore the 3-D results further. Geosoft 
voxels may be viewed with the Geosoft viewer, available free at https:// 
www.seequent.com/products-solutions/geosoft-viewer/ 
 

 
 
Figure 10: Regions of coincident high magnetic susceptibility and density contrast from the 
combination of 3-D model results (0 to 10 km depth). a) Magnetic susceptibility from the VOXI 
model (threshold = 0.01 SI) and density contrast from the Grad3D model (threshold = 0.03 
g/cm3). b) Magnetic susceptibility from the MAG3D model (threshold = 0.0375 SI) and density 
contrast from the Grad3D model (threshold = 0.03 g/cm3).  
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Discussion 
 

Comparison of UBC GIF Suite and VOXI model results 
 
The magnetic susceptibility results obtained from VOXI Earth Modelling (Fig. 9) were overall 
similar to those from the MAG3D inversion (Fig. 6c). However, the results varied most 
significantly in the detail of the near-surface and at depth. 
 
During the model testing for the VOXI magnetic inversions, an identical upward continuation 
distance (2700 m) to the preferred MAG3D inversion was tested. This resulted in an overly 
smooth inversion that only resolved major magnetic features. Small features present on the 
preferred MAG3D model, such as the east-northeast trending Cleaver dykes, were not present on 
the 2700 m upward continued VOXI model.    
 
While the VOXI model based on 300 m of upward continuation (Fig. 9) resolved more features 
than the 2700 m upward continued MAG3D model (Fig. 6c), similar results could likely be 
achieved by using a higher upward continuation distance for the VOXI model input data-
achieving such continuity would be a matter of testing different upward continuation distances.   
 
The MAG3D model extends to 70 km in contrast to the 40 km VOXI inversion. During the initial 
testing of the VOXI models, a 70 km depth was used but this resulted in the model populating 
smooth magnetic sources at depth. A depth of 40 km was chosen as it coincides near the depth of 
the Moho and minimized the smooth deep sources.  
 
While fundamentally the same features are present using both inversion codes, one cannot apply 
the same parameters to each grid and expect the same model result when using different codes. 
This is particularly true of upward continuation distances as noted above. 
 
The density model obtained from the VOXI inversion (Fig. 8) was markedly different to that from 
the GRAV3D inversion (Fig. 6a, b), in response to the low spatial resolution of the gravity data 
(nominal station spacing of ~10 km) and the inversion’s ability to define the near-surface density 
structure. Results from the GRAV3D inversion reveal the character of the broad variations in 
density across the GBMZ (Fig. 6a, b), with broad zones that are extrapolated to surface and taper 
with depth. Results from the VOXI inversion (Fig. 8) mimic the broad distribution of the zones of 
high density, but are characterized by deeper broad sources that tend to close in the near-surface. 
 
Conclusions 
 
The inversion of magnetic and gravity data is informative in the investigation of the 3-D physical 
property distribution of the region. Although the modeling software and approach can greatly 
impact the model results, those from both VOXI and GRAV3D/MAG3D yield comparable results 
that contrasted in defining a reliable interpretation. The models can also be used to define 3-D 
zones of coincident physical property values, such as zones of both high magnetic susceptibility 
and density. However, the resolution of the input data, especially the broadly spaced gravity data, 
limits the definition of near-surface/short-wavelength features. 
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