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Abstract 
 
Ground ice information is critical for infrastructure development planning and management in areas with 
permafrost. The Slave geological province is a mineral rich region spanning the Northwest Territories (NT) and 
Nunavut (NU). A proposed transportation system would connect NU to the national highway and rail system in 
NT, and to a deep-water port on the Arctic Ocean. Ground ice conditions have been characterized in some 
geomorphic settings, but overall, there is limited knowledge on ground ice abundance and distribution along the 
proposed route. This report provides geospatial files of modelled ground ice abundance across a broad portion 
of the Slave Geological Province encompassing the proposed infrastructure corridor, presented in O’Neill et al. 
(2024). The modelling is based on the routines used to produce the Ground ice map of Canada (GIMC), 
modified to incorporate more detailed, 1:125 000 scale surficial geology mapping. This report provides a brief 
description of the modelling routines and the spatial data layers for three modelled ground ice types (relict, 
segregated, and wedge), and for the combined abundance. Furthermore, a tool to generalize and summarize 
raster ground ice model outputs for use in broader-scale applications is described and demonstrated using the 
Slave Geological Province model outputs as an example. The tool allows specification of an output pixel size, 
and for each output pixel compiles the number of underlying smaller pixels in each abundance class and stores 
summary values in the output attribute table. This allows a scaling relation between modelling based on 
1:125 000 scale surficial geology and lower resolution mapping that accounts for sub-grid spatial heterogeneity.  
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Introduction 
 
This Open File accompanies O’Neill et al. (2024) and provides the geospatial files of model outputs from that 
manuscript. This ground ice mapping may be useful for reconnaissance-level planning to guide more detailed 
field investigations of ground ice in the Slave Geological Province around the proposed transportation corridor 
from Northwest Territories to Grays Bay, Nunavut.  
 
This Open File includes the following folders/files: 
 
1) GBYK_relict   Modelled relict ice abundance geotiff 
2) GBYK_segregated  Modelled segregated ice abundance geotiff 
3) GBYK_wedge  Modelled wedge ice geotiff 
4) GBYK_abundance  Modelled combined ice abundance geotiff 
5) gi_scaler.atbx   ArcGIS Pro toolbox, require ArcGIS Pro 2.9 or more recent 
 
Study area 
 
The study area spans northward from Great Slave Lake near Yellowknife, NT, to the coast of Coronation Gulf, 
NU (Figure 1). The region represents Canadian Shield terrain with varying surficial geology and was shaped by 
Late Wisconsin glaciation. The topography is gently undulating to moderately rugged, with numerous bedrock 
outcrops (Dredge et al., 1999). Till deposits and bedrock dominate the surficial geology. Tills are stony 
diamicton; those derived from granitic and gneissic rocks have a sandy matrix, while those sourced from 
sedimentary and metasedimentary rocks include an appreciable silt-clay fraction (Dredge et al., 1999). Glacial 
Lake McConnell deposited fine-grained lacustrine sediments in the Great Slave Lowlands prior to its recession 
(Wolfe et al., 2014).  
 

 
Figure 1. Study region and surficial material units on the compiled map sheets. The delineation between 

discontinuous and continuous permafrost zones is marked.  
 
Near the Coronation Gulf Coast, emergence of the landscape following deglaciation left fine-grained marine 
deposits up to elevations of about 200 m asl (Dredge et al., 1999). Deglaciation near the coast commenced from 
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about 10 500 BP to 9 600 BP, whereas near Aylmer Lake, south of Contwoyto Lake, deglaciation and 
vegetation establishment occurred by about 8 500 BP (Dredge et al., 1999).  
 
The climate at Yellowknife is cold and continental with a mean annual air temperature (MAAT; 1981-2010) of 
-4.3 °C, and at Kugluktuk, about 120 km west of the north end of the study area, -10.3 °C (Environment and 
Climate Change Canada, 2022). Vegetation across this climate gradient transitions from boreal forest near 
Yellowknife to grassland-lichen-moss tundra in the north (Latifovic, 2019). Permafrost is discontinuous near 
Yellowknife and occurs in peatlands and areas with ice-rich, unconsolidated sediments; annual mean ground 
temperatures are -1.4 to 0 °C (Morse et al., 2016). Mean annual ground temperatures near Lac de Gras are about 
-6 °C, and -5 to -7 °C on the coastal plain east of Coronation Gulf (Wolfe et al., 2017). 
 
 
Methods  
 
Ground ice modelling 
 
Details on the modelling approach and data processing are presented in O’Neill et al. (2024), and so are only 
briefly summarized here. Eleven 1:125 000 scale surficial geology maps were used for this regional-scale 
ground ice modelling (Geological Survey of Canada, 2017a, 2017b, 2016a, 2016b, 2015, 2014a, 2014b; Kerr, 
2018, 2014; Olthof et al., 2014; Stevens et al., 2017). Till units were classified into fine- and coarse-grained 
dominated textures based on underlying bedrock geology as for the Ground ice map of Canada (Dredge et al., 
1999; O’Neill et al., 2019). Major townsites (e.g., Yellowknife) or existing highway routes mapped as 
anthropogenic deposits were excluded from the modelling. Multiple bedrock types were combined into a single 
bedrock unit type. Surficial units that appeared on the GIMC retained their model parameter values. Units that 
were not represented at the national scale were assigned parameters based on a review of surficial geology-
ground ice associations informed by the map unit legends and observations from prior investigations (e.g., 
Dredge et al., 1999; Kerr et al., 1996; Subedi et al., 2020; Wolfe, 1998; Wolfe et al., 2017). Vector shapefiles 
for surficial geology maps were rasterized with a pixel size of 250 m, whereas pixels were 1000 m on the 
GIMC. The pixel size was chosen to preserve small surficial geology polygons and detail around complex 
shorelines of small lakes. However, underlying surficial map units are commonly larger and map units from the 
other model data layers are highly generalized. The modelled abundance in an individual pixel thus represents 
the average condition of the broader mapping unit. A combined ground ice abundance output layer was 
produced from the relict, segregated, and wedge ice layers following the method used for the GIMC (O’Neill et 
al., 2022).  
 
ArcGIS scaling tool 
 
The generalization of surficial geology polygons used in the GIMC introduces significant inaccuracies in the 
national-scale modelled ground ice (O’Neill et al., 2024; Subedi et al., 2020; Wolfe et al., 2021). Therefore, a 
GIS tool GI-Scaler (Ground ice scaler), named after the GeoScaler tool for geology polygons developed by 
Smirnoff et al. (2012) was developed to aid in generalizing ground ice outputs from detailed mapping for use in 
smaller-scale applications and products. The tool employs Block Statistics in ArcGIS Pro 
(https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/block-statistics.htm) to simplify modelled  
ground ice abundance within “blocks” while maintaining information on sub-block heterogeneity in ground ice 
conditions. The input block size is customizable – we provide an example using 1000 m in this report, such that 
each block includes 16 pixels (4x4) from the regional-scale modelling with 250 m pixels. Near the edges of the 
map, there may be less pixels as the block footprint extends beyond the study area extent. Water has a value of 
1000 on the input raster; the tool is specified to ignore this value when calculating the statistics for ice 
abundance in each block (min, max, mode, mean, median; Figure 2). Input requirements are provided in the 
metadata of the toolkit .atbx file. The output raster includes an attribute table with the following columns: 
 
 
 

https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/block-statistics.htm
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Value: list representing unique cell conditions in the raster  
 
Count: total number of pixels represented by each unique cell condition 
 
Min: the minimum abundance value in the block (none = 0, negligible = 1, low = 2, medium = 3, high = 4, very 
high = 5) 
 
Max: the maximum abundance value in the block  
 
Mode: the mode abundance value in the block 
 
Mean: the mean abundance value in the block  
 
Median: the median abundance value in the block. When the number of valid cell values in the block is odd, 
the median value is calculated by ranking the values and selecting the middle value. If the number of values in a 
block is even, the values are ranked and from the two middle values, the lower one is selected 
 
px_0: the number of pixels in the block with value 0 (none) 
px_1: the number of pixels in the block with value 1 (negligible) 
px_2: the number of pixels in the block with value 2 (low) 
px_3: the number of pixels in the block with value 3 (medium) 
px_4: the number of pixels in the block with value 4 (high) 
px_5: the number of pixels in the block with value 5 (very high) 
px_1000: the number of pixels of water in the block 
px_count: the total number of pixels in the block 
 

 
Figure 2. Attribute table from the GI-Scaler tool output showing the fields defined above. 
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Model outputs 
 
Images of the data files associated with this regional-scale modelling (Figures 3-5), and an example of a map 
generalized using the GI-Scaler tool (Figure 6) are presented below. Discussion of the regional-scale outputs, 
limitations, and comparison with the GIMC are presented in O’Neill et al. (2024).  

 
Figure 3. Modelled regional-scale relict (buried glacial) ice abundance based on 1:125 000 scale surficial geology 

compilation. 
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Figure 4. Modelled regional-scale segregated ice abundance based on 1:125 000 scale surficial geology compilation. 
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Figure 5. Modelled regional-scale wedge ice abundance based on 1:125 000 scale surficial geology compilation. 
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Figure 6. Combined ice abundance model output with 250 m pixels (left) compared to the output generalized using 
the GI-Scaler tool (right) with 1000 m pixels, with pixels coloured based on the median value of underlying 250 m 

pixels. The proposed transportation corridor is indicated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

9 
 

 

References 
 
Dredge, L.A., Kerr, D.E., Wolfe, S.A., 1999. Surficial materials and related ground ice conditions, Slave Province, N.W.T., 

Canada. Can. J. Earth Sci. 36, 1227–1238. https://doi.org/10.1139/e98-087 
Environment and Climate Change Canada, 2022. Canadian Climate Normals [WWW Document]. URL 

https://climate.weather.gc.ca/climate_normals/ (accessed 4.13.20). 
Geological Survey of Canada, 2017a. Surficial geology, Hepburn Island, Nunavut, NTS 76-M. Canada Geoscience Map 

228. https://doi.org/10.4095/299205 
Geological Survey of Canada, 2017b. Surficial geology, Kikerk Lake, Nunavut, NTS 86-P. Canada Geoscience Map 229. 

https://doi.org/10.4095/299206 
Geological Survey of Canada, 2016a. Surficial geology, Napaktulik Lake, Nunavut, NTS 86-I. Canada Geoscience Map 

235. https://doi.org/10.4095/298708 
Geological Survey of Canada, 2016b. Surficial geology, Point Lake, Northwest Territories - Nunavut, NTS 86-H. Canada 

Geoscience Map 218. https://doi.org/10.4095/298703 
Geological Survey of Canada, 2015. Surficial geology, Winter Lake, Northwest Territories, NTS 86-A. Canada Geoscience 

Map 196. https://doi.org/10.4095/295588 
Geological Survey of Canada, 2014a. Surficial geology, Lac de Gras, Northwest Territories, NTS 76-D. Canada 

Geoscience Map 184. https://doi.org/10.4095/295497 
Geological Survey of Canada, 2014b. Surficial geology, Contwoyto Lake, Northwest Territories - Nunavut, NTS 76-E. 

Canadian Geoscience Map 198. https://doi.org/10.4095/295192 
Kerr, D.E., 2018. Reconnaissance surficial geology, Kathawachaga Lake, Nunavut, NTS 76-L. Canada Geoscience Map 

363. https://doi.org/10.4095/308367 
Kerr, D.E., 2014. Reconnaissance surficial geology, MacKay Lake, Northwest Territories, NTS 75-M. Canadian 

Geoscience Map 206. https://doi.org/10.4095/295542 
Kerr, D.E., Wolfe, S.A., Ward, B.C., Dredge, L.A., 1996. Surficial sediments, permafrost, and geomorphic processes, 

Kikerk Lake and Coppermine map areas, west Kitikmeot, District of Mackenzie, Northwest Territories (Current 
Research No. 1996– C). Geological Survey of Canada, Ottawa, ON, Canada. https://doi.org/10.4095/207457 

Latifovic, R., 2019. Canada’s land cover (General Information Product No. 119e). Natural Resources Canada, Ottawa, ON, 
Canada. https://doi.org/10.4095/315659 

Morse, P.D., Wolfe, S.A., Kokelj, S.V., Gaanderse, A.J.R., 2016. The occurrence and thermal disequilibrium state of 
permafrost in forest ecotopes of the Great Slave region, Northwest Territories, Canada. Permafrost and Periglac. 
Process. 27, 145–162. https://doi.org/10.1002/ppp.1858 

Olthof, I., Kerr, D.E., Wolfe, S.A., Eagles, S., 2014. Predictive surficial materials and surficial geology from LANDSAT-7, 
Upper Carp Lake, NTS 85-P, Northwest Territories (Open File No. 7601). Geological Survey of Canada, Ottawa, 
ON, Canada. https://doi.org/10.4095/293970 

O’Neill, H.B., Wolfe, S.A., Duchesne, C., 2022. Ground ice map of Canada (version 1.1) (Open File No. 8713). Geological 
Survey of Canada, Ottawa, ON, Canada. https://doi.org/10.4095/326885 

O’Neill, H.B., Wolfe, S.A., Duchesne, C., 2019. New ground ice maps for Canada using a paleogeographic modelling 
approach. The Cryosphere 13, 753–773. https://doi.org/10.5194/tc-13-753-2019 

O’Neill, H.B., Wolfe, S.A., Duchesne, C., Parker, R.J.H., 2024. Effect of surficial geology mapping scale on modelled 
ground ice in Canadian Shield terrain. The Cryosphere 18, 2979–2990. https://doi.org/10.5194/tc-18-2979-2024 

Smirnoff, A., Huot-Vézina, G., Paradis, S.J., Boivin, R., 2012. Generalizing geological maps with the GeoScaler software: 
The case study approach. Computers & Geosciences 40, 66–86. https://doi.org/10.1016/j.cageo.2011.07.013 

Stevens, C.W., Kerr, D.E., Wolfe, S.A., Eagles, S., 2017. Predictive surficial geology, Yellowknife and Hearne Lake, 
Northwest Territories, NTS 85-J and NTS 85-I. Canadian Geoscience Map 200. https://doi.org/10.4095/299516 

Subedi, R., Kokelj, S.V., Gruber, S., 2020. Ground ice, organic carbon and soluble cations in tundra permafrost soils and 
sediments near a Laurentide ice divide in the Slave Geological Province, Northwest Territories, Canada. The 
Cryosphere 14, 4341–4364. https://doi.org/10.5194/tc-14-4341-2020 

Wolfe, S.A., 1998. Massive ice associated with glaciolacustrine delta sediments, Slave Geological Province, NWT, 
Canada, in: Proceedings of the 7th International Permafrost Conference. Nordicana, Yellowknife, NWT, pp. 
1125–1131. 

Wolfe, S.A., Kerr, D.E., Morse, P.D., 2017. Slave Geological Province: An archetype of glaciated shield terrain, in: 
Slaymaker, O. (Ed.), Landscapes and Landforms of Western Canada. Springer International Publishing, Cham, 
Switzerland, pp. 77–86. 

Wolfe, S.A., O’Neill, H.B., Duchesne, C., 2021. A ground ice atlas of Canada (Open File No. 8770). Geological Survey of 
Canada, Ottawa, ON, Canada. https://doi.org/10.4095/328115 



 

10 
 

 

Wolfe, S.A., Stevens, C.W., Gaanderse, A.J., Oldenborger, G.A., 2014. Lithalsa distribution, morphology and landscape 
associations in the Great Slave Lowland, Northwest Territories, Canada. Geomorphology 204, 302–313. 
https://doi.org/10.1016/j.geomorph.2013.08.014 

 


	Abstract
	Introduction
	Study area
	Methods
	Model outputs
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'High Quality Print\(2\)'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




