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Due to climate change, ice patches, glaciers, and snow are 

melting at unprecedented rates in high latitude and altitude 

environments (Ødegård et al., 2017). This phenomenon has 

exposed archaeological remains across the world, leading to a 

new field of study called “Ice Patch Archaeology” (Reckin, 

2017). This study focuses on ice patch archaeology in the 

Mackenzie Mountains, located in the Northwest Territories 

(NWT), Canada (Fig. 1), where ice patches have historically 

been used by caribou (Rangifer tarandus) in the summer to 

escape from heat and insects (Andrews et al., 2012). Artifacts 

like bows, arrows, and darts have been uncovered near ice 

patch margins, which were left behind by native hunters and 

preserved for thousands of years. This study area is vast and 

difficult to access, therefore geospatial tools like Geographic 

Information Systems (GIS) and remote sensing are essential 

for archaeological prospection site selection. These were used 

to locate areas of high archaeological potential where artifacts 

might be freshly exposed from newly melted ice patches. 

 

For this study, a multiscale, GIS-based multi-criteria decision 

analysis (MCDA) approach was used to find areas with 

archaeological potential and recently melted ice (Dixon et al., 

2005., Rogers et al., 2014). Two models were created: Model 

1 was created to first narrow down a very large study area 

(4,430 km2) with a coarse resolution Digital Elevation Model 

(DEM, 30 m) (ASTER Science Team, 2019), and Model 2 

zoomed in on an area of interest to conduct higher resolution 

analysis using a 2 m DEM (Porter et al., 2018). For both 

models, the ideal criteria for locating artifacts were 

determined to be areas with high caribou presence and 

density, elevation above 1,500 m, N and NE facing slopes, 

and slope angle which could be easily traversed by humans 

(Fig. 1A). Each criterion was classified according to its 

capacity to contain ice and weighted based on its relative 

importance to the overall model, with caribou density being 

most important and slope angle being least important (Fig. 

1A).  
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Figure 1. A.) features the ideal criteria input into the MCDA on 

the left, and how much each layer was weighted in its potential 

to house archaeological artifacts in ice. B.) shows the resulting 

map with high potential areas in red, and an inset map of the 

location of the study area in the Mackenzie Mountains, Canada.  

Results from Model 1 enabled us to narrow down the 4,430 km2 

study area to 825 km2 of high archaeological potential and to 

conduct more in-depth analyses to further refine the study area 

and resulting in 60 km2 of high archaeological potential. Next, 

Sentinel-2 satellite imagery (European Space Agency, 2015) 

was used to create a Normalized Difference Snow Index (NDSI) 

(Gascoin et al., 2020) using green (Band 3) and shortwave 

infrared (Band 11) bands to locate snow and ice (Equation 1.). 

 

𝑁𝐷𝑆𝐼  =  
(𝐵𝑎𝑛𝑑 3 − 𝐵𝑎𝑛𝑑 11)

(𝐵𝑎𝑛𝑑 3 + 𝐵𝑎𝑛𝑑 11)
 (1) 

 

Equation 1. Normalized Difference Snow Index used for 

Sentinel-2 imagery.  

 

Satellite imagery was obtained for September 2018 and 

September 2021 when there was perennial ice and snow 

coverage. The 2021 tile was subtracted from the 2018 tile to 

show areas of recent melt. Recent melt areas were compared to 
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Model 2 results, and overlapping areas were designated as ideal 

locations (shown in red) for archaeological prospection in 

Summer 2022 (Fig.1B). Archaeologists will report their 

findings and we will use this information to further refine the 

model for the NWT.  
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