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ABSTRACT 
In the context of climate change, the distribution and amount of ground ice in permafrost is critical to evaluate surface 
disturbances and geohazard risks. Ground ice conditions are poorly defined in northwestern Hudson Bay in the central Canadian 
Arctic, an area with renewed development interest. Here, we report on the near-surface (< 2 m) ground ice content of the frozen 
active layer and permafrost from three sites with different surface materials near Rankin Inlet, Nunavut. Cores were retrieved 
from nearshore, till, and alluvial deposits (all intermixed with marine sediments). Ground ice content derived from CT scan 
images and laboratory measurements suggested a relatively high abundance of ground ice in the nearshore marine sediments 
and alluvial/marine sediment cores with a lower overall content in the till/marine sediment core. Computed tomography scan 
analyses commonly underestimated volumetric ice content compared to laboratory measurements. This may have been caused 
by the coarse pixel resolution of our CT scan images (0.6 mm), making the pore space diameters of our sampled fine sediments 
partially unresolvable. Further, in situ seasonal thaw settlement measurements taken at each site from heave sleeves 
corroborated our laboratory-derived excess ice content measurements reasonably well. Excess ice content measurements were 
also used to predict active layer thickness increases and ground subsidence under future air temperature increases. Overall, 
our study provides new information on ground ice conditions in the Rankin Inlet area of Nunavut.

1 INTRODUCTION 
Accurate knowledge of the distribution and amount of 
ground ice in permafrost is critical to evaluating ground 
surface (GS) disturbances and geohazard risks in Arctic 
regions destined for development. It is generally accepted 
that permafrost-bearing soils' total annual GS subsidence 
(GSS) should depend on 1) thaw settlement, controlled by 
ground ice content; and 2) volume-compressibility caused 
by surcharge load and self-weight (Watson et al. 1973). The 
latter is often disregarded because consolidation comprises 
only a fraction of the surface settlement (Taber 1930). In 
addition, the thaw settlement potential of heterogeneous 
soils can often be assessed by determining the edaphic 
properties (e.g., dry densities of soils in frozen and thawed 
states) of individual soil horizons with depth. This permits 
the calculation of their thaw strain (Pullman et al. 2007; 
Crory 1973). However, thaw strain can also be derived from 
excess ice content (EIC) measurements (i.e., van 
Everdingen 2005) converted into a volumetric ratio of 
cumulative EIC to the total thickness of the thawed soil 
column (Castagner et al. 2022). These data are often 
indispensable to predicting local GSS and possible 
infrastructure damage (Doré et al. 2016).  
Information on ground ice content, particularly EIC, is 
available from northwest Canada and a few sites in the 
eastern Arctic but is otherwise limited. There is little 
information on ground ice from the northwestern Hudson 
Bay area around Rankin Inlet, where the air temperature is 
increasing, and significant infrastructure development is 
occurring (LeBlanc and Oldenborger 2021). 

Recent research has documented the thermal state of 
permafrost (Oldenborger et al. 2017; LeBlanc and 
Oldenborger 2021) and approximated seasonal GSS 
(Leblanc et al. 2019; Oldenborger et al. 2020) in the vicinity 
of Rankin Inlet. However, due to the scarcity of sampled and 
investigated permafrost cores, empirical volumetric ice 
content (VIC) and EIC measurements remain almost 
nonexistent (McCuaig et al. 2022).  
This study investigates the VIC and EIC of the near-surface 
(< 2 m) permafrost (which includes the frozen active layer) 
at study sites near Rankin Inlet. The goals of this study are 
to 1) document and describe ground ice content in sampled 
soil units using laboratory measurements and to compare 
those with computed tomography (CT) scan 
measurements; and 2) assess site-specific GSS potential 
of our investigated frozen active layer/permafrost sampling 
sites under climate warming-induced thaw penetration (TP) 
increases. Overall, our study provides new information for 
understanding ground ice content and spatial distribution 
within the Rankin Inlet area of Nunavut. 

2 STUDY AREA 
The hamlet of Rankin Inlet is in the Kivalliq region of 
Nunavut (Canada) on the western coast of Hudson Bay 
(Figure 1). The hamlet’s territory is within the western 
Churchill Province of the Canadian Shield. Its complex 
geology consists of Archaean Rankin Inlet Greenstone Belt 
felsic volcanic rocks intercalated with mafic volcanic and 
sedimentary rocks and granodioritic to tonalitic intrusions 
(Lawley et al. 2016). The surficial geology consists of 
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glacial, marine, and glaciofluvial deposits, including eskers, 
with numerous bedrock outcrops (McMartin 2002) that 
shape the topography with elevation ranging from sea level 
to 300 m. The Laurentide Ice Sheet covered the region 
during the Wisconsin glaciation and receded by ~6 kyr BP 
(Dyke 2004). The postglacial Tyrrell Sea extended up to 
150 km inland from the current coastline over the 
isostatically depressed land surface, reaching a maximum 
elevation of approximately 170 m above the present sea 
level; (Dyke 2004; Randour et al. 2016; McMartin et al. 
2023).  

Figure 1. Location map of the frozen active 
layer/permafrost coring sites near Rankin Inlet (Nunavut). 
Coring sites and Rankin Inlet hamlet are indicated with 
blue triangles and green circles, respectively. Continuous 
and dotted lines show main roads and access trails. The 
background is a 0.46 m MAXAR Vivid image (September 
3rd, 2022) of the area of interest. 

The mean annual air temperature (MAAT) for Rankin Inlet 
was -10.3 °C from 1981–2020 (Environment and Climate 
Change Canada 2022), with an average increase of 
0.05 ± 0.02 °C/year. Over the same period, the average 
total precipitation was 315 mm, with rainfall accounting for 
184 mm and snow precipitations contributing 131 cm. There 
was no significant trend in total precipitation from 1981 to 
2020. 
Rankin Inlet is within the continuous permafrost zone, and 
the base of permafrost was estimated between 285 m and 
430 m, with thinner permafrost being near lakes (Golder 
2021). The geothermal gradient varies between 0.01 and 
0.02 °C/m (Golder 2014), while the mean annual ground 
temperature at the top of permafrost ranges between 
-9.5 and -5.5 °C (LeBlanc and Oldenborger 2021). Active-
layer thickness ranges from ~0.5 m in organic-rich
alluvial/marine sediments to ~1.6 m in marine and organic-
poor till deposits (LeBlanc and Oldenborger 2021).

3 METHODOLOGY 

3.1 Field sampling 
Study sites for ground temperature boreholes and 
permafrost coring in the Rankin Inlet region were planned 

to represent various terrain conditions, including developed 
and undeveloped land and different geological settings. Site 
locations were established after considering surficial 
geology, land access, community consultation, and field 
observations. Data from three shallow borehole sites with 
different surficial geology are analyzed herein: nearshore 
marine sediments (RI05); till and marine sediments (RI07); 
and alluvial and marine sediments (RI08; Figure 1). Site 
details and field observations concerning the retrieved 
cores and their sediments/apparent cryostructures are 
given by LeBlanc and Oldenborger (2021).  
Boreholes at sites RI05 and RI07 were drilled in June 2018 
and 2019 at site RI08 using a portable earth drill using 
barrels with diamond core bits modified from Calmels et al. 
(2005). Any unfrozen organic mat and unfrozen sediments 
to a depth of 2 to 15 cm were removed, set aside, and 
replaced as best as possible to reduce thermal 
disturbances as much as possible. However, some thermal 
disturbance to the sites occurred. Cores were measured 
and visually logged during drilling, bagged in plastic, and 
frozen for further analysis.  
The shallow boreholes were cased with either sealed 1 ½” 
PVC pipe with an internal multi-core thermistor cable in 
silicone bath oil (RI05 and RI07) or with open ¾” PVC pipe 
with individual external thermistors (RI08). Thermistors 
were routed to the surface and logged continuously with 
4-hour recording intervals. Ground temperatures were
recorded with RBR data loggers (0.01 °C resolution; RI05
and RI07) and an Onset HOBO U12 data logger (± 0.25 °C
accuracy; RI08). Ground surface temperatures (2–5 cm
depth) were recorded with 4-hour recording intervals with
Onset HOBO Water Temp Pro v2 loggers (± 0.21 °C
accuracy; all sites).

3.2 Computed tomography scanning and image 
processing 

For the last two decades, computed tomography (CT) 
scans have routinely been used to rapidly quantify 
volumetric ground ice contents and produce high-resolution 
cryostratigraphic profiles of permafrost-bearing soils 
(e.g., Calmels and Allard 2004, 2008; Gadylyaev et al. 
2021; Fan et al. 2021).  
For our study, the samples were scanned at the Institut 
national de la recherche scientifique (INRS) using a 
SOMATOM Definition AS+ 128 CT scanner by SIEMENS 
at 140 kV and with an exposure of 200 mAs. We then 
segmented the CT scan images of our permafrost cores to 
obtain a quick first-order estimate of their VIC and/or EIC. 
This was done by applying a non-local means filter to the 
volume to help with thresholding. The volume was then 
segmented (based on the visual inspection of the cores’ CT 
scan images) using four different thresholds: air (-1024 to 
-500 HU), ice (-500 to 700 HU), sediment (700 to 1500 HU)
and rock (1500 HU or more). For some volumes,
morphological operations like opening and hole filling were
applied. The segmented volumes are then recombined into
a single volume, with each material having a different value. 
A statistical analysis was finally run on the combined
volume to determine on each CT slice the percentage of the 
sample’s area covered by each material.
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3.3 Laboratory ground ice content 
measurements 

The three frozen active layer/permafrost cores were sliced 
at ~2 cm intervals using a diamond blade-equipped tile saw. 
The frozen slices were left to thaw in sealed plastic bags 
and then transferred into 250 ml High-Density Polyethylene 
(HDPE) tubes.  
EIC for each ~2 cm segment was derived from supernatant 
water measurements and was derived (based on Kokelj 
and Burn 2003) using: 

EIC(%) = Ws∗1.0917
(Ws∗1.0917+Vs)

∗  100 [1] 

where Ws is the volume of supernatant water (cm3), Vs is 
the volume of sediments (cm3), and the number 1.0917 is 
used to convert the measured volume of supernatant water 
to the equivalent ice volume (Lapalme et al. 2017). 
VIC was calculated (from French 2017) using: 

VIC(%) = Wv∗1.0917
Vt

∗  100 [2] 

where Wv is the volume of the water in the sample (cm3), 
and Vt is the total volume of the sample (cm3) established 
from the core dimensional data. The total mass of water in 
the sample (g) is used to derive Wv, assuming a water 
density of 1.0 g cm3. 
The measurement precision was within 1 ml; this translates 
to ± 1% errors in reported values. Missing data points (e.g., 
instances where a core segment was missing for a 
particular depth) were filled by deriving the mean of 
surrounding values. The same data-infilling approach was 
used to estimate the ground ice content at each site at a 
1 cm resolution to approximate current and future GSS at 
our three sites. 
A linear regression analysis (including derivations of 
adjusted R2 values) in the R software (R core team 2023) 
was used to compare CT scan-derived vs. laboratory-
derived VIC and EIC measurements.  

3.4 Ground surface subsidence and thaw 
penetration measurements  

The thaw penetration depth at each of our three field sites 
during the 2018 (RI05 and RI07) and 2019 (RI08) summers 
was estimated by linear interpolation of the temperature 
profile close to 0 °C and/or by linear extrapolation from 
sensors located on the unfrozen side of the 0 °C isotherm 
(Riseborough 2008). The accuracy of interpolation and 
extrapolation is approximately 0.05 and 0.1 m for thermistor 
spacings of 0.25 and 0.5 m, respectively (Riseborough 
2008). Summer site-specific observed GSS was measured 
using timelapse cameras pointing towards graduated heave 
sleeves described in LeBlanc and Oldenborger (2021). 
The laboratory-derived measurements of EIC in our three 
frozen active layer/permafrost cores were employed to 
simulate GSS and active layer thickness (ALT) variations 

under current and future seasonal TP increases. ALT 
increases related to TP augmentations were subsequently 
determined by subtracting predicted GSS from TP 
increases (e.g., for a 50 cm TP increase and a 20 cm GSS, 
the ALT increase is 30 cm). 

4 RESULTS 

4.1 Ground ice content 

4.1.1 Nearshore marine sediment core (RI05) 

Laboratory analyses of the RI05 core revealed two ice-rich 
sections with depth (Figure 2A). The first was at the top of 
the core (i.e., within a ~12 cm organic-rich section), with VIC 
reaching a maximum of 80% and EIC being nil. Below, 
between 12 and 100 cm (permafrost table), a layer of silty 
sand sediments comprising localized gravel/pebble clasts 
and seashell fragments was encountered. VIC remained 
relatively stable within this core section, and EIC remained 
at or near 0% to a depth of ~92 cm, where field observations 
suggested a transition to finer sediments (i.e., fine sands 
and silts, with the latter being more abundant), until 
progressively increasing to 72% at the permafrost table. 
The second ice-rich section was found below the 
permafrost table. From this depth to our maximum core 
retrieval depth of 144 cm, VIC and EIC ranged from 48 to 
92% and 20 to 85%, respectively. We estimate that the 
average EIC in the upper 50 cm of the permafrost at the 
RI05 site was ~60%. 

Figure 2. Laboratory (Lab) and computed tomography 
(CT) volumetric and excess ice contents (VIC; EIC) in the 
three frozen active layer/permafrost cores of the RI05 
(panel A), RI07 (panel B) and RI08 (panel C) sites. The 
permafrost table depth relative to frozen conditions at 
each site is indicated with dashed lines.  
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4.1.2 Till and marine sediment core (RI07) 

The RI07 core exhibited the most homogeneous ground ice 
content with depth out of all three sampled surficial deposit 
units (Figure 2B). The core was characterized by a ~4 cm 
thick layer of organics under which sandy sediments were 
observed to a depth of ~30 cm. The 30–175 cm core section 
is occupied by sandy sediments with pebbles (with the 
occasional presence of finer grains) and seashells. Gray 
fine sediments (likely a mix of clays and silts) were 
observed from this depth until the bottom of the core 
(225 cm). No clear trend was noted with depth for VIC: it 
varied from 20 to 67%, and the most notable fluctuations 
were observed near the core bottom (~230 cm). The core 
contained EIC at three depth ranges. The first was 
encountered between 60 and 69 cm (our only two 
measurements in this depth range due to no core recovery 
or core discarded (too small) for analyses), where EIC 
averaged ~12%. In the second EIC-rich section, between 
depths of 121 and 187 cm, EIC ranged from 2 to 38%. The 
third EIC-rich section was at a depth of ~210 cm (average 
EIC% of ~17%), where ~0.5–1 cm ice lenses were 
encountered. We approximate the EIC in the upper 50 and 
100 cm of the permafrost at the RI07 site to average 
~13 and ~7%, respectively. 

4.1.3 Alluvial and marine sediment core (RI08) 

The RI08 site had the thickest (~40 cm) layer of organic 
matter (peat) out of all three sites. Below that, a layer of fine 
sediments and sand was present to a depth of ~165 cm. 
Sand intermixed with finer sediments were also present 
from this depth until the bottom of the core (230 cm), but 
unlike the overlying sediments, those were highly abundant 
in seashells. Two distinct VIC zones characterize the RI08 
core (Figure 2C). The first VIC zone includes the upper 
~150 cm of the core, where VIC averaged 67%. The most 
ice-rich sample retrieved from this core (a frost blister 
horizon of ~5–7 cm) was situated within this unit at ~28 cm 
depth within the organic layer: it had a VIC of 100%. VIC 
then became much lower and stable below 150 cm, 
averaging 23% to a depth of 230 cm. The EIC in the upper 
organic-rich section of the core (upper ~38 cm) was (or very 
close to) nil except for the frost-blister horizon, where EIC 
was measured at 76%. Below that, the remaining 8 cm peat 
horizon had an average EIC of ~13%. A slight progressive 
increase in EIC was then noted from 38 to 155 cm, below 
which (to our maximum sampling depth of 230 cm) EIC was 
zero. We approximate the EIC in the upper 50 and 100 cm 
of the permafrost at the RI08 site to average ~38 and ~44%, 
respectively. 

4.2 Ground surface subsidence during the 2018 
and 2019 summers 

GSS measurements from heave sleeve photographs at the 
RI05, RI07 (2018 summer) and RI08 (2019 summer) sites 
reached a maximum of 6.8, 4.5, and 12 cm, respectively 
(Figure 3). Those observations agreed reasonably well with 
the total predicted EIC-based GSS under interpolated TP at 
each site in 2018 or 2019 (RI05 = 5.8 cm; RI07 = 4.7 cm; 
RI08 = 15.1 cm). Additionally, the temporal evolution of 
observed GSS matched the EIC-based GSS predictions 

over the 2018 summer for the RI05 and RI07 sites. Still, by 
comparison, predicted GSS lags observations during the 
2018 summer. Conversely, at the alluvial and marine 
sediment (RI08) site, the observed GSS lagged 
considerably behind predicted GSS during the 2019 
summer TP.  

Figure 3. Time series of interpolated TP (black dots; for 
initial frozen conditions before GSS), observed (red dots) 
and predicted (red triangles) GSS during the 2018 (RI05 
and RI07) and 2019 (RI08) summers. TP interpolations 
begin at 40 cm and 30 cm for the RI07 and RI08, 
respectively, since thermistor cables were only installed at 
those sites in mid-June. TP had already begun, and an 
initial ~1.5 cm of GSS had been observed (on the existing 
heave sleeve) beforehand at the RI08 site.  
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4.3 Predicted active layer dynamics and ground 
surface subsidence under climate warming 

Our upper permafrost degradation simulations 
(i.e., seasonal TP increase of 50 cm at each site compared 
to TP interpolated for 2018 and 2019 summers) predicted 
that the RI05 site should have ALT and GSS increases of 
20.7 and 29.3 cm, respectively (Figure 4). Further, for a 
50 cm TP increase, ALT at the RI08 site is expected to 
increase slightly more (maximum ALT increase of 31.2 cm) 
than at the RI05 site. In addition, the GS at the RI08 site 
should subside an additional 18.8 cm if the upper 50 cm of 
permafrost thaws. Field and laboratory observations 
showed that both cores hosted an ice-rich zone (Figure 2). 
Yet, EIC is slightly higher with depth in the RI05 core, 
translating to a higher predicted GSS and lower ALT 
increase. Conversely, the ALT increase at the RI07 site 
followed by thaw penetration increases since almost no 
excess ice was measured in the upper permafrost section: 
ALT increased by 44.1 cm, and GS subsided by only 
5.9 cm.  

Figure 4. EIC-based GSS and ALT increase predictions in 
response to TP increases (1 cm increments; maximum of 
50 cm) at the three surficial geology sites. 

5 DISCUSSION 

5.1 Comparing CT and laboratory-derived 
ground ice content measurements 

CT scan-derived VIC estimates (VIC-CT) mostly 
underapproximated laboratory-derived VIC (VIC-Lab) 
measurements (Figure 5). Linear regression analyses (with 
and without including organic-rich sections) revealed 
moderate correlations between VIC-CT and VIC-Lab for the 
RI05 and RI08 cores. Conversely, VIC-CT and VIC-Lab 
were poorly correlated for the RI07 core and sediments in 
the deeper portion of our RI08 core; VIC-CT in the latter unit 
was ~0% when measured VIC ranged between ~20 and 
40%. Although we do not yet have reliable granulometric 

data (besides in situ qualitative observations), we suggest 
that this may have been caused by the coarse pixel 
resolution of our CT scan images (0.6 mm), making them 
partially (or completely) spatially unresolvable. This 
assumption is supported by studies conducted by Calmels 
et al. (2010) and Lapalme et al. (2017), which demonstrated 
that CT scans might not spatially resolve pore ice content 
in sediments if the pixel size is larger than the average pore 
space. In fact, Lapalme et al. (2017) demonstrated that for 
permafrost sand-rich sediments, the segmentation of CT 
scan images may be better suited to estimate EIC, with 
porosities of ~30–50% and pore-space diameters within the 
pixel resolution range of CT scan images. Further, for the 
RI05 core, VIC-CT overestimated VIC-Lab measurements 
made in its organic-rich section (i.e., the top of the active 
layer). We hypothesize this is due to the presence of 
organics having densities similar to water/ice (e.g., Calmels 
et al., 2010) and, therefore, having been classified as 
(almost) pure ice during our image segmentation. We 
suspect this material density issue might also have affected 
the peat-rich active layer section of the RI08 core but to a 
lesser extent than the organics in the RI05 core since 
laboratory measurements confirmed that the former 
contained larger amounts of VIC.  

Figure 5. Computed tomography-derived VIC (VIC-CT) 
averaged over our sampling depth interval (2 cm) 
compared with laboratory-derived volumetric and EIC 
(VIC-LAB; EIC-Lab). Red dots indicate measurements 
made within organic-rich sections of the RI05 and RI08 
cores. Measurements made within organic-rich sections 
were either included (red dotted line and text) or removed 
(black dotted line and text) from our linear regression 
analyses. 
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The comparison of VIC-CT vs. EIC-Lab for our three cores 
yielded contrasting results. For instance, laboratory 
analyses of the RI07 core suggest it contained very little or 
no EIC, yet simultaneously, VIC-CT sometimes 
overestimated EIC-Lab (Figure 5D). We believe that 
laboratory manipulation errors may have caused this. This 
is because the highest VIC-CT values for this core (~64–
70% range) were at depths where ice lenses were present 
(i.e., 170–172 cm), yet our laboratory measurements did 
not point to high EIC at those depths, suggesting a partial 
(or complete) omission of those ice-rich segments in our 
laboratory measurements. Further, when organic-rich core 
sections were omitted, VIC-CT and EIC-Lab for the RI05 
and RI08 cores were moderately linearly correlated. 
However, including organic-rich sections of those cores for 
VIC-CT vs. EIC linear regressions led to severe declines in 
adjusted R2 values. This is because laboratory 
measurements indicated that their EIC was nil, while VIC-
CT suggested moderate to high (50 to 100%) VIC in the 
upper organic-rich sections. Still, EIC in the organic-rich 
sections of the frozen active layer at those two sites may 
have been higher than we measured in the lab. This is 
because EIC-Lab measures highly depend on the volume 
of supernatant waters in respective HDPE tubes once core 
sections are left to thaw. Accordingly, it is plausible that 
organics may have absorbed supernatant waters while 
thawing those frozen active layer core slices. 
Overall, our inability to adequately predict VIC or EIC in our 
cores using CT scan images was likely mostly imputable to 
the sediments having pore diameters above and below the 
CT pixel resolution. It is further unclear if this could be 
attributed to human-induced errors (e.g., difficulties 
correlating actual depths between CT scan images and 
laboratory). Nonetheless, what is clear is that our CT scan 
yields poorly reliable ground ice content estimations when 
organics are present (i.e., materials having similar densities 
to water/ice). This supports our decision to rely on 
laboratory-derived measurements to properly quantify 
ground ice in our samples to assess the thaw settlement 
potential of investigated surficial geology units discussed in 
the following section. Additionally, we plan on alleviating the 
likely pixel resolution issue by employing a high-resolution 
X-ray Computed Tomography (HRXCT) approach in the
future if we do repeat CT scan analyses on frozen active
layer/permafrost samples from this area (e.g., Nitzbon et al.
2022).

5.2 Observed and predicted ground subsidence 
during the 2018 and 2019 summers 

The temporal evolution of observed GSS matched the EIC-
based GSS predictions for the RI05 and RI07 sites over the 
2018 summer. However, they also show that predicted GSS 
at the RI08 site lagged what we observed in the 2019 
summer (Figure 4). We suggest that the offset between 
observed and predicted thaw-induced GSS at the RI08 site 
may have been caused by the behaviour of the 40 cm thick 
organic-rich (i.e., peat) top layer during the thawing season. 
Unlike unconsolidated sediments in permafrost, peat may 
retain its structure upon thawing (especially in poorly 
drained sites such as RI08; e.g., MacFarlane and Williams 
1974). Hence, the collapse of this peat unit may only have 

been initiated in mid to late-July 2019, once the thaw front 
reached the underlying unconsolidated mineral soils (and 
started melting their EIC), as suggested by the observed 
GSS. 

5.3 Active layer thickness deepening and 
ground surface subsidence under climate 
warming 

Our permafrost degradation simulations enabled us to 
make site-specific predictions about ALT and GSS 
dynamics under climate warming. Notably, we showed that 
soils at our site hosting the least amount of excess ice 
(RI07) in the near-surface permafrost should not subside 
that much (~6 cm) under a 50 cm TP increase (i.e., ALT 
should instead roughly follow TP increases). Accordingly, 
future ALT measurements at site RI07 could serve as 
reliable proxies in assessing the magnitude of upper-
permafrost thaw. However, this finding does not apply to our 
two other sites because their near-surface permafrost hosts 
substantial amounts of excess ice: a 50 cm TP increase and 
accompanying melting of excess ice at sites RI05 and RI08 
should only lead to ALT increases of ~21 and ~32 cm. Ergo, 
this rudimentary EIC-based modelling demonstrates that 
ALT and GSS measurements should simultaneously be 
used to monitor the state of the ground ice in the upper 
permafrost units of the RI05 and RI08 sites, where EIC is 
low. This supports findings from previous studies, showing 
that ALT measurements alone at ice-rich sites may serve 
as poor permafrost degradation metrics (e.g., Shiklomanov 
et al. 2013; O’Neil et al. 2023) and that GSS and TP trends 
are more accurate at characterizing this phenomenon. 
Hence, care should be taken to pursue the area's ALT and 
GSS monitoring efforts to properly assess the permafrost’s 
stability under climate change. 
In addition, considering that those simulations are based on 
punctual measurements and site-specific conditions 
strongly influence ground ice content and distribution, our 
derived results should be used with prudence for 
extrapolations to other areas near the hamlet of Rankin Inlet 
with similar surficial deposits. Upscaling those findings to 
other areas near Rankin Inlet in hopes of providing first-
order estimates on their vulnerability to climate change 
(e.g., destabilization potential) will most certainly require 
additional ground ice content measurements (especially 
concerning EIC) to be repeated within other areas near the 
hamlet hosting the same surficial units. Then, we will be 
able to confidently establish the vulnerability of the 
permafrost in the various surficial geology units occupying 
this area of Nunavut’s Kivalliq region. 

6 CONCLUSIONS 
Results from the following ground ice content investigation 
of frozen active layer/permafrost cores taken within the 
vicinity of Rankin Inlet have led us to the following 
conclusions: 
1) Our field sampling and laboratory results suggest
significant excess ice occurs in surficial geology units
around Rankin Inlet (NU).
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2) Laboratory-derived measurements and CT scan-based
estimations of VIC and EIC in our three cores produced
conflicting results. We suspect this to be due to a) the low
pixel resolution of our CT scan image; b) the presence of
materials with similar densities as water/ice (e.g., organics);
or c) human-induced errors (e.g., difficulties correlating
actual depths between CT scan images and laboratory).
3) Our permafrost degradation scenario demonstrates that
subsidence of 5.9 to 29.3 cm can be expected upon thawing 
of the upper 50 cm of permafrost at the three sites. This 
quantification of potential thaw effects is helpful for 
infrastructure development planning.   
4) Further efforts will aim to investigate ground ice content
(including distribution) and sediment grain size within the
various surficial geology units of the Rankin Inlet
area/Kivalliq region. This will allow us to make broader
predictions concerning the fate of the permafrost in the area 
under future climate warming.
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