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SUMMARY 
 

Iqaluit International Airport presently suffers from instabilities and subsidence along its runway, 
taxiways and apron. In particular, asphalt surfaces are significantly impacted by settlement and 
cracking These instabilities may be related to permafrost, permafrost degradation and associated 
drainage conditions. This Open File reports on electrical and electromagnetic geophysical data 
collected and processed by the Geological Survey of Canada at the Iqaluit International Airport 
as part of the Land-Based Infrastructure Project within the Climate Change Geoscience Program. 
Galvanic and capacitive electrical resistivity surveys, along with low induction number 
electromagnetic measurements, were performed over selected areas within the airport boundary 
and in the near vicinity to assist with permafrost characterization and to investigate active 
permafrost processes. The recovered electrical resistivities suggest distinct electrical signatures 
for different terrain units and sediment types, and for ice-rich material including ice wedges. 
Even with continuous permafrost and cold permafrost temperatures, the resistivity models reveal 
anomalously conductive material at depth that is not obviously correlated to mapped surficial 
sediments. The anomalous regions are correlated with localized settlement problems and 
downward multi-season displacement derived from D-InSAR. The geophysical surveys also 
exhibit features indicative of seasonal freezing of localized groundwater beneath airport 
infrastructure and variable active layer thickness under infrastructure that is thicker than for 
undeveloped ground. 
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INTRODUCTION 
 

Permafrost and associated ground ice can significantly affect land-based infrastructure 
through influence on ground stability and drainage patterns. As such, geoscience information 
contributing to permafrost characterization is critical for understanding risks to roads and airports 
which are vital to economic development in Canada’s North. To this end, the Geological Survey 
of Canada (GSC) established the Land-Based Infrastructure project within the Climate Change 
Geoscience Program with the objective of providing geoscience data and expertise to reduce 
risks and aid in adaptation solutions for Northern Canada. One component of this activity, in 
collaboration with the Canada-Nunavut Geoscience Office (CNGO), is the application of 
geophysical methods to aid in mapping and characterization of permafrost conditions at the 
Iqaluit International Airport. 

Iqaluit International Airport has experienced a variety of geotechnical problems over its 
history. Recurring settlement, deformation and noticeable damage have required several 
campaigns of resurfacing and reparation (Larochelle and Haché 1991; Knapik and Hanna 1998). 
At least one case of recent deterioration requiring significant repair was concluded to result from 
excessive permafrost degradation associated with drainage engineering (Dietrich and Mitchell 
2012). Detailed and extensive knowledge of subsurface conditions, including permafrost, is 
necessary for informed and cost-effective management of airport infrastructure and facilities. 

The unique electrical properties of frozen ground make electrical and electromagnetic 
geophysics a potential tool for characterization of permafrost terrain (e.g., Scott and Hunter 
1977; Hoekstra 1978; Sartorelli and French 1982; Scott et al. 1990; Hauck et al. 2001; Ross et al. 
2007; Fortier et al. 2008; Sladen et al. 2009; Oldenborger et al. 2012; Hauck 2013; You et al., 
2013; Supper et al. 2014; Wolfe et al. 2014). Electrical and electromagnetic data have been 
collected over runway, taxiway and apron portions of Iqaluit International Airport, and over 
sections of natural ground in the vicinity of the airport. Data collection was both regional and  
targeted based on existing problematic areas, knowledge of surficial geology and observations of 
permafrost features. The objective was to determine if distinct geophysical signatures could be 
attributed to sediment or terrain type, and if electrical resistivity models could prove useful for 
understanding permafrost conditions causing infrastructure damage by reliably mapping features 
such as ice-bearing sediment, ice-rich regions or thaw zones. 
 
STUDY AREA 

 
Iqaluit International Airport (YFB) is located in Iqaluit, Nunavut at the head of Frobisher 

Bay on Baffin Island (Figure 1). It is built on flat terrain surrounded by hills and rocky plateaus 
of the Precambrian Shield within the continuous permafrost zone. The surficial geology has been 
mapped by Allard et al. (2012). The present-day Runway 17/35 was originally constructed in 
part in 1942 followed by a runway extension in 1948. The 1942 portion of Runway 17/35 was 
built on glaciomarine delta deposits composed of sand, silt, boulders and gravel; the 1948 portion 
was built on glaciofluvial outwash, bedrock and fill material (Figure 2). Alluvial channels and 
lacustrine deposits are present under the embankments of taxiways, aprons and access roads, and 
till and marine sediments are observed in the immediate vicinity. These smaller-scale deposits 
may play a critical role in determining permafrost conditions due to their relationship with water 
channelling (alluvial sediments) or excess ice (fine-grained sediments); knowledge of their 
subsurface extent is important. 
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The mean annual ground temperature for southern Baffin Island is −5 to −10ºC, with low to 
high occurrence of ground ice, including ice wedges and massive ice bodies (Heginbottom et al. 
1995; Allard et al. 2012). As part of GSC/CNGO activities, thermistor cables were installed in 
2010 and 2011 in the natural terrain and within the embankment infrastructures at YFB (LeBlanc 
et al., 2013). The permafrost temperature recorded in natural terrain is approximately −5ºC at a 
depth of zero annual amplitude of 14 m with an active-layer thickness of 1.5 m. Active-layer 
thickness is locally observed to be variable and can be in excess of 4 m under paved 
infrastructure (Larochelle and Haché 1991; Dietrich and Mitchell 2011). 
 
GEOPHYSICAL METHODS 
 

The primary physical parameter governing the low-frequency electrical and electromagnetic 
geophysical response is the electrical resistivity (the inverse of electrical conductivity). In most 
near-surface geologic environments, controlling factors on the bulk electrical resistivity of rocks 
and sediments are the amount of pore fluid, the connectivity of the pore fluid, and the availability 
and mobility of charge-carrying ions. Electrical resistivity can often be considered as a proxy for 
material type (sedimentology or lithology) inasmuch as the material type affects the porosity, 
water retention, and the availability and behaviour of ions in solution and exchangeable cations 
(e.g., McNeil 1980a; Klein and Santamarina 2003).  

Permafrost can have a strong and complicating influence on electrical resistivity because low 
temperatures reduce the mobility of charge-carrying ions and the freezing of water greatly 
reduces the availability and connectivity of pore fluid for electrolytic conduction (King et al. 
1988). Consequently, resistivity is observed to increase gradually down to the freezing point and 
increase dramatically for temperatures below freezing (Figure 3). 

At low ground temperatures, the unfrozen water content may be reduced to a point where 
there is little contrast in resistivity between frozen sediment or massive ice or even air (Hoekstra 
et al. 1975). Nevertheless, cryotic sediments with high salinity may contain appreciable unfrozen 
water content due to exclusion of salts and freezing point depression (Grimm et al. 2008). 
Similarly, cryotic fine-grain materials may contain appreciable unfrozen water content due to 
suction forces, to the point where permafrost may be quite conductive for certain material types 
(e.g., Ross et al. 2007). 

In permafrost terrain, measurements of electrical resistivity can generally be used to infer 
some combination of the pore-fluid conductivity and the moisture content, or similarly, the 
material type and the amount of frozen/unfrozen water. As such, electrical and electromagnetic 
geophysics can be applied in an attempt to map material type and to characterize occurrence of 
ice-bearing permafrost, thaw zones and thermophysical transitions underground. 
 
Data Acquisition 
 

 In early August 2010, preliminary galvanic and capacitive electrical resistivity data were 
collected in the area around YFB, but not on runway or taxiway structures. In late July 2011, 
capacitive resistivity surveys were performed along Runway 17/35 and Taxiway Alpha (Taxi A). 
In July and August 2012, electrodes were installed along Taxi A and resistivity data were 
collected in early August 2012 and subsequently in November 2012, July 2013, October 2013, 
February 2014 and August 2014 (although only the initial data set is presented herein). An 
addtional galvanic resistivity survey was collected along the north side of Taxi A in August 



Electrical and electromagnetic data for permafrost characterization at Iqaluit International Airport, Nunavut 

Oldenborger et al., 2015. Geological Survey of Canada, Open File 7750 5 

2014. Complimentary low induction number electromagnetic data were acquired over portions of 
Runway 17/35 and Taxi A in February 2012 and again in July and August 2012. Figure 4 shows 
the location of data sets to be discussed in turn in this Open File along with locations of 
boreholes along the runway and Taxi A. 

 
Galvanic Resistivity Data 

 
 The galvanic resistivity (GR) survey involves injection of current into the ground via contact 

with a pair of current electrodes (Figure 5). The potential distribution is then measured across 
many pairs of voltage electrodes and an electrical resistivity model is constructed that adequately 
honours the data (e.g., Loke et al. 2013). Data were collected using a 48-electrode resistivity 
meter (IRIS Syscal R1+ Switch) with variable electrode spacings and 0.3 m stainless steel 
electrodes or buried stainless steel mesh electrodes. 

The initial processing step involves thorough examination of the data along with field notes; 
obvious outliers and data associated with any non-contact electrodes are eliminated along with 
extremely low-voltage data and data with poor repeatability and/or very high chargeability. 
Survey geometry is assigned which involves translation to a prescribed coordinate system and 
assignment of topography if required. In the case of 2D GR data collected with a multicore cable, 
processing is done in terms of survey lines and distance along the cable (along the ground). For 
each line, static global positioning system (GPS) coordinates were acquired for at least the first 
and last electrodes and also any important positions along each line using a NovAtel Smart V 
receiver with wide area augmentation for which a reference station is located in Iqaluit. 
 
Capacitive Resistivity Data 

 
In a capacitive resistivity (CR) survey, current is generated in the ground via coupling of an 

alternating current across a transmitter-earth capacitor (Kuras et al. 2006). Similarly, voltage is 
measured via coupling of the resulting potential field across an earth-receiver capacitor. A CR 
system is non-contacting and allows for acquisition of data where physical contact with the 
ground via electrodes is prohibitive, such as along roads or where contact resistance with the 
ground is prohibitively high such as for ice or very dry soils. 

CR data were collected with an OhmMapper system developed by Geometrics Ltd. using one 
transmitter and five receivers (Groom 2008). The OhmMapper uses line antennas for capacitive 
coupling and surveys were executed with either 5 m or 10 m antenna lengths (or both) with 
multiple passes at variable transmitter-receiver spacings (Figure 6). OhmMapper data are 
conventionally considered analogous to those from a GR survey with an in-line dipole-dipole 
geometry and a dipole length equal to the antenna length, but certain operating conditions must 
be satisfied (e.g., Oldenborger and LeBlanc 2013). 

The initial processing step is de-spiking of the voltage data followed by a low-pass filter. 
Survey geometry is defined either manually or via integrated GPS positions and then the time-
sampled data are averaged to a constant nominal electrode spacing equal to half of the antenna 
length. Averaged voltage data are converted to measurements of apparent resistivity using a line-
antenna geometric factor (Groom 2008). The apparent resistivity data are then corrected for an 
effective dipole length of 80% of the antenna length to allow for inversion using a 4-point GR 
electrode model (Oldenborger and LeBlanc 2013). 
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Both the GR data and the corrected CR data are used for electrical resistivity imaging (ERI) 
of the subsurface via the iteratively re-weighted least squares inversion method of Loke et al. 
(2003). The same inversion settings have been applied to the GR and CCR data sets. Data with 
greater than 10% misfit are re-weighted to reduce the effect of outliers and a large Ekblom 
perturbation of 0.5 is used to approximate a “soft” L1 norm on the model that results in both 
smooth and blocky features to some extent (Farquharson and Oldenburg, 1998). Logarithmic 
transformations are used on both the data and the model, and no bounds are placed on the 
recovered model values. The model cell sizes are set at one-half (horizontal) by one-quarter 
(vertical) of the (nominal) electrode spacing and represent an over parameterization of the model 
such that cell size should not significantly affect inversion results. The regularization parameter 
is cooled from 0.30–0.06 and convergence was defined as less than 5% change in the data misfit 
or a prediction error below 3% which is on par with the maximum accepTable repeatability of 
the GR data (although experimental noise may often exceed observed repeatability, particularly 
for CR data). Model regularization is generally set to recover models with 2:1 horizontal-to-
vertical smoothness and a locally-determined reference model is applied with a regularization 
weight equal to the smallest value of the regularization parameter in the cooling schedule. The 
recovered models are relatively robust to small changes in inversion settings, although different 
noise levels between the GR and CR data result in different convergence behaviours; different 
levels of convergence result in different amounts of final damping and different resolution. 

 
Model Uncertainty 

 
The resistivity models obtained via inversion of the GR and CR data are subject to 

limitations in resolution (e.g., Oldenburg and Li 2005). For 2D surface surveys, model 
uncertainty or resolution loss can be approximated by the linearized resolution matrix. However, 
since the resolution matrix is large, it is customary to examine only its diagonal elements or 
properties (e.g., Friedel 2003). Furthermore, since it is linearized, the resolution matrix exhibits a 
strong dependence on the final model regardless of its veracity (e.g., Oldenborger and LeBlanc 
2013). Alternatively, the depth of investigation (DOI) captures the non-linear nature of the 
inversion and is not subject to choice of final model as is the resolution measure (Oldenburg and 
Li 1999). The DOI also tends to capture regions of severe non-uniqueness: areas where 
resolution is high, but the actual value of the recovered model is very sensitive to starting 
conditions (Oldenborger et al. 2007). 

Although useful, the DOI suffers from ambiguity associated with the amount of damping 
applied during the inversion (Deceuster et al. 2014; Oldenborger 2014). Unless the weighting 
associated with the reference model is made particularly strong, the smallness-to-smoothness 
ratio can be insufficient to allow for reliable application of a simple-difference DOI and some 
form of variable reference model is required combined with a cross-correlation analysis 
(Oldenburg and Li 1999). A good indication of sufficient smallness is that the DOI index equals 
unity at model boundaries. As such, scaling of the DOI as suggested by (Marescot et al. 2003) 
can be detrimental—if the DOI does not reach unity, it is likely that there is not enough 
smallness in the solution to warrant application of the DOI (Miller and Routh 2007). 
Furthermore, if one inadvertently scales by a value higher than unity, the scaled DOI can be 
misleadingly permissive. 

To address limitations of both the resolution matrix and the DOI, the two measures can be 
combined. Figure 7 shows the resolution matrix diagonals and DOI for a typical GR inversion. 
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Both the resolution and DOI suggest regions of uncertainty that differ significantly from the 
homogeneous case. In general, the contour level of 0.5% the maximum resolution per area yields 
a resolution limit that is in good agreement with the DOI. However, the DOI highlights at least 
two areas with relatively high resolution that are subject to model non-uniqueness. A limit that 
honours the shallower of the two measures represents a conservative estimate of the depth of 
model reliability. A DOI with insufficient smallness results in an overly permissive limit as does 
the resolution matrix computed for an inversion without a reference model, for which a more 
appropriate cut-off level would need to be determined. 
 
EM31 Data 

 
Low induction number electromagnetic instruments measure the secondary magnetic field 

response that is directly proportional to the electrical conductivity of homogeneous ground for a 
given operating range (McNeil 1980b; Beamish 2011). In the case of layered or heterogeneous 
ground, the measured quantity is termed “apparent conductivity” and represents a conductivity-
weighted average of the primary field intensity (Sartorelli and French 1982). 

Data at YFB were acquired with a Geonics EM31 terrain conductivity meter. The EM31 can 
be operated with horizontal or vertical magnetic dipole orientations resulting in depths of 
exploration of approximately 3 m and 6 m respectively. However, the depth response of the 
EM31 is nonlinear and measurements represent integrated values; for a typical configuration of 
vertical dipoles (horizontal co-planar coils) at 1 m height above the ground surface, 
approximately 50% of the cumulative measured secondary magnetic field comes from the top 
3 m of homogeneous ground and approximately 70% from the top 6 m. More generally, vertical 
dipole data can be regarded as “deep” whereas horizontal dipole data can be regarded as 
“shallow.” 

EM31 data were collected as point measurements along survey transects. Simultaneous GPS 
positions were recorded such that neither points nor transects were necessarily regularly spaced, 
although the surveys followed linear infrastructure. The data were calibrated using a constant 
shift parameter to establish a baseline minimum conductivity of 0.1 mS/m or 10 kΩm over the 
igneous bedrock at YFB (Palacky, 1988). The data were de-spiked to remove the response 
associated with known fuel pipes under the airport pavement. Station reoccupations were used to 
check for measurement drift. Operational constraints of working on an active airstrip meant that 
insufficient data were collected for a full drift correction. Nevertheless, the drift measurements 
can be used to estimate approximate repeatability errors of less than 0.5 mS/m or 200 Ωm. Point 
measurements of apparent conductivity are interpolated to produce maps of apparent 
conductivity using linear interpolation and a 50 m search radius with a minimum of 8-point 
support followed by conversion to log-transformed apparent resistivity. 
 
RESULTS 
 
2010 CR and GR Surveys 

 
CR data were collected in early August 2010 along unsurfaced roads to the southwest of the 

airport boundary (sites A3 and A7) and over apron infrastructure with known issues of 
subsidence (site A11) using 5 m antenna lengths. Complementary GR data were collected at site 
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A7 and additional GR data were collected over a region of suspected ice wedge prevalence (site 
A10). 

The CR resistivity model for site A03 is shown in Figure 8. For this and all subsequent 
resistivity models, the limit of model reliability is represented as the shallower of the 0.5% 
maximum resolution per area and the 0.2 DOI index. The model is interpreted to represent sand 
and gravel of 1000–3000 Ωm associated with the mapped glaciomarine deltaic unit at surface 
(GMd, Figures 2 and 4). Although distinct imaging of a thin active layer (less than 1.5 m thick) 
is difficult with these data, we interpret it to be manifest as the slight transition to lower 
resistivities at the surface of the model, particularly to the northwest. Below depths of 
approximately 5 m, the model predicts material with an electrical resistivity as low as 10–30 Ωm 
which is remarkably low for cold, continuous permafrost and may represent fine-grained marine 
sediments with potentially saline pore water. A transition to finer grained material is likely 
required to achieve the observed resistivity contrast as opposed to only a strong pore-water 
transition within the same glaciomarine deltaic sediments. Reliable interpretation at depth is 
hampered by loss of current penetration into the conductive unit as evidenced by the limit of 
reliability. Furthermore, a grounded metallic fence runs parallel with the A03 survey line which 
would contribute to a conductive artefact in the model (although this deep conductive material is 
present at sites without cultural interference). 

Figure 9 shows the CR and GR resistivity models for nearby site A07. As discussed by 
Oldenborger and LeBlanc (2013), an effective dipole length correction achieves maximum 
consistency between the collocated GR and CR resistivity models. Again, a thin active layer is 
interpreted to appear as the transition to lower resistivities at the very surface of the models. The 
interpreted active layer thickens near the intersection of survey lines A07 and A07x and at the 
middle of survey line A07x which is a marshy area with ponded water. The marine littoral 
sediments (Mn, Figures 2 and 4) are largely silty to gravelly sand consistent with the observed 
resistivity of 1000–3000 Ωm along line A07. The till blanket at the north end of line A07 (Tb, 
Figures 2 and 4) has a silty-sand matrix and appears more conductive than the marine sediments 
(500–1500 Ωm). Bedrock topography in the region is observed to be quite variable and the 
resistive anomalies at 10–15m depth at the southern end of A07 are interpreted to be indicative 
of bedrock highs. Reliability at this depth is limited and a strong versus moderate resistor, or the 
location of the bedrock contact cannot be distinguished in this case. At intermediate depths, the 
model predicts a conductive material (10–30 Ωm) similar to that at site A03 that is not identified 
on surficial maps, but may have limited surficial expression (line position 450–475 m) One 
possibility, given the interpreted marine limit in the region (Figure 2) is fine-grained marine 
sediments with potentially saline pore water. Line A07x differs from Line A07 in that a strongly 
resistive signature (5000–8000 Ωm) is recovered for the mapped marine sediments. This feature 
is interpreted to be ice-rich sediment underlying the marshy region along the east side of Sylvia 
Grinnell road. 

Figure 10 shows the GR resistivity model for site A10. This site has a high occurrence of 
frost cracks and ice-wedge features as mapped by Allard et al. (2012). The model recovers a thin 
active layer overtop of the mapped glaciomarine deltaic sands and gravels (800–2000 Ωm). The 
resistive anomalies at 7, 20, 65, 87, 100, 135, 158, and 175 m line position all coincide with 
surficial furrows forming part of the surface polygonal network (Figures 2 and 4). In particular, 
the strongest anomaly at 87 m represents the intersection of multiple furrows and is interpreted to 
be ice-cored (8000–10000 Ωm). Although at relatively low resolution, this experiment 
demonstrates the ability of ERI to map ice wedge occurrence. Below the glaciomarine deltaic 
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sands and gravels, there is a transition to more conductive material identified as fine sand in 
nearby borehole observations (Mathon-Dufour, 2014; Leblanc et al., 2015), but resolution is low 
at this depth.  

Figure 11 shows the CR apparent resistivity data collected for site A11 over part of the YFB 
apron that was experiencing surficial cracking. There is no obvious representation of the mapped 
crack features in the apparent resistivity data. The most obvious feature is a linear conductive 
anomaly that strikes to the northeast and appears to dip to the northwest. Given the magnitude 
and linearity of this feature, it is likely related to apron infrastructure. Figure 12 shows the CR 
resistivity models for site A11. There are no obvious resistivity anomalies associated with 
surface cracking. However, the small surface resistivity anomalies at 70, 80 and 30 m on west to 
east lines respectively are coincident with mapped cracks, but these features have no depth 
persistence. 
 
2011 CR Surveys 

 
CR data were collected in late July 2011 along Runway 17/35, Taxi A and Taxi B using 10 m 

antenna lengths. The CR resistivity model for the runway is shown in Figure 13 along with 
schematic stratigraphy derived from cored boreholes DH13-06 and DH13-09 (Figure 4) 
described by Mathon-Dufour (2014). The high resistivity material to the northwest from 
approximately 1000 m line position is interpreted as bedrock (8000–20000 Ωm) which outcrops 
on either side of the runway. The moderately resistive feature at the bay-end of the runway near 
−1200 m line position may be related to the path of the previous runway or may be a 
manifestation of a depositional transition in the glaciomarine sediments. A boundary at 
approximately 4 m depth is interpreted to be the base of observed sand and gravel, a combination 
of embankment fill over glaciomarine or glaciofluvial sediments (800–3000 Ωm). The surface 
layer becomes more resistive over the interpreted bedrock, perhaps indicative of predominantly 
rockfill embankment. Of particular note is the conductive anomaly (20–300 Ωm) observed from 
approximately −300–500 m line position. This anomaly is distinct from model artefacts resulting 
from culture (likely buried cables) at −1000 and 550 m line position, for example, that are 
characterized by low model reliability resulting from severe non-uniqueness. The conductive 
anomaly located near 790 m line position occurs in the vicinity of several mapped lacustrine 
units (Figure 2). Lacustrine sediments either at depth or off-line represent a potential source for 
this conductive anomaly, but no similar association is apparent for the other observed anomalies. 

The CR resistivity model for Taxi A is shown in Figure 14 with schematic stratigraphy from 
off-line cored boreholes (DH13-02 and DH13-10) and an air-drilled borehole (DH11-07) with a 
thermistor cable installation (LeBlanc et al. 2013; Mathon-Dufour 2014). A surficial conductive 
anomaly (50–200 Ωm) extends to approximately 4 m depth from −85 to 15m line positon and 
correlates well with mapped lacustrine silts (Figure 4) and observations in DH13-02. Resistive 
embankment is likely present overtop of the lacustrine silts, but neither it nor the active layer are 
recovered by the model due to limited surficial resolution associated with 10 m antennas. On 
either side of the surficial conductive feature, the ground is relatively resistive (800–1500 Ωm) 
corresponding to mapped glaciofluvial and glaciomarine deltaic deposits (Figure 4). There is a 
potential ice-rich zone at approximately −50 m line position (800–1500 Ωm). There is another 
well-defined conductive anomaly (5–50 Ωm) below approximately 4m depth extending from 
−150 to 0 m line position; the relation of this anomaly to the mapped lacustrine sediments is 
unknown as it continues beneath the glaciofluvial and glaciomarine map units. Conductive 
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material is also observed beneath the glaciomarine sediments to the east, but reliability of this 
portion of the model is poor. 

The CR resistivity model for Taxi B is shown in Figure 15. The model is significantly more 
resistive than either the runway or Taxi A. The survey line extends across a mapped alluvial 
channel that is observed as an area of elevated resistivity (3000–10000 Ωm) below depths of 3 m 
from approximately from −10 to 60 m line position. High resistivities (1000–8000 Ωm) are also 
observed for the rest of the survey line over areas mapped as glaciomarine deltaic. The most 
northern portion of the survey line extends over or near a mapped lacustrine unit, but no 
evidence of this is observed in the resistivity model. 
 
Taxiway Alpha GR Surveys 
 

Along Taxi A, a one-time survey using 48 removable electrodes at 5 m spacing (Figure 4, 
L5) was conducted in late July 2012 prior to a survey in early August using a permanent 
subsurface installation of 72 electrodes at 2 m spacing (Figure 4, L2). Installation is discussed in 
detail by Oldenborger et al. (2014). In August 2014, an additional survey using 48 removable 
electrodes at 2 m spacing was conducted along the north shoulder of Taxi A with the objective of 
acquiring GR data representative of bedrock. Figure 16 shows the GR resistivity models for 
Taxi A that, in general, have higher resolution than the previous Taxi A CR counterparts with 
10 m antenna length. Bedrock is clearly imaged along the northern line (4000–16000 Ωm) along 
with the embankment, the resistivity of which is reduced by the presence of the active layer 
(Figure 16c). The bedrock signature in the L5 and L2 models is weak due to inherent resolution 
loss at depth and current concentration within the conductive overburden. Nevertheless, the 
resistivity models combined with the borehole observations indicate significant subsurface 
bedrock topography. The L5 and L2 models are dominated by conductive material with some 
apparent internal structure. From approximately 85 to 140 m line position (L2) and from 2–6 m 
depth, a conductive feature (15–30 Ωm) is well-correlated with the mapped lacustrine deposits 
(Figures 2 and 4). Below 6 m depth, the L2 GR model suggests that the lacustrine deposits may 
be layered or deposited over previous material of higher resistivity (50–200 Ωm) with similar 
spatial extent. Similar to the CR model (Figure 14), there is another well-defined and more 
extensive conductive anomaly (1–30 Ωm) below the glacial and lacustrine deposits that 
correlates with the known area of differential settlement extending beyond the mapped lacustrine 
sediments. The same decrease in resistivity with depth is observed in boreholes BH1 and BH2 in 
July 2013 (Oldenborger et al. 2014). At the surface of the L2 and L5 models, there is a 
thickening wedge of resistive material (2000–10000 Ωm) observed to the west that is interpreted 
as ice-rich glaciomarine sand and gravel over a local stream and historical wet area (Figure 4, 
Short et al. 2014). 
 
2012 EM31 Surveys 

 
The winter and summer EM31 data are shown in Figures 17 and 18 respectively. Data were 

acquired at point locations that are different for the two datasets. Given the sometimes sparse and 
localized nature of the data set, there may be gridding artefacts in the mapped apparent 
resistivities. There is also some indication of cross-line levelling errors (such as contours that 
appear stair-stepped, or change direction rapidly at a line location). As such, the apparent 
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conductivity maps should be interpreted in light of the actual data locations, and off-line 
information must be acknowledged as interpolated. 

The EM31 data capture the transition from bedrock to glaciofluvial deposits at the northern 
end of the runway (Figure 17). Most strikingly, the EM31 data identify an area of anomalously 
high apparent conductivity around the intersection of Runway 17/35 and Taxi A. The anomaly is 
characterized by apparent resistivities of 50–100 Ωm in both winter and summer. The extent of 
the conductive anomaly increases with depth, suggestive that the source is not a surficial feature. 
The anomaly extends over portions of Runway 17/35 and Taxi A where anomalously low 
resistivities are also observed in the CR and GR data (Figures 13, 14 and 16). Furthermore, the 
EM31 conductive anomaly is correlated with patterns of ground displacement as measured by D-
InSAR (Short et al. 2014), but both the EM31 anomaly and the D-InSAR displacement pattern 
extend beyond the mapped lacustrine sediments (Figures 2 and 4). 

In the winter data set, there is a highly resistive feature crossing the apron in a north-south 
direction that follows the trend of a mapped alluvial channel (Figures 2 and 4). The extent of the 
resistive anomaly appears to decrease in extent with depth, suggesting that the source is shallow 
in nature. This observation is consistent with an ice-rich alluvial system (i.e., sands and gravels 
with high porosity and a large amount of seasonally frozen water). 

The change in apparent resistivity from winter to summer is shown in Figures 19 and 20. In 
general, there is a moderate increase in apparent resistivity from summer to winter as would be 
expected for decreased temperatures and freezing of the active layer. However, the region 
associated with the conductive anomaly demonstrates very little change in apparent resistivity. In 
contrast, the region of the apron associated with the resistive anomaly is co-located with an area 
of a significant increase in apparent resistivity in the winter. Such a change would occur if water 
in the alluvial system is only seasonally frozen. In other words, the EM31 data suggest that 
groundwater may be active under the apron in the summer season. Similar winter increases in 
apparent resistivity are observed beneath Taxi A and the runway and may be associated with 
active summer groundwater within the mapped glaciofluvial sediments. 

There is anecdotal evidence that significant cultural material (including vehicle parts and fuel 
drums) may exist in the subsurface beneath the runway and/or taxiways, in addition to many 
known infrastructures such as fuel pipes or electrical wiring. Negative swings in the apparent 
conductivity were observed only over known buried infrastructure and the in-phase EM31 
response was observed to spike over infrastructure such as lights, but no response indicative of 
more extensive subsurface metal was observed. In fact, the in-phase response seems to be a 
conductivity-coupled response (not shown) and not a magnetic response associated with 
potential buried metal. An in-phase response that is spatially correlated to conductivity suggests 
potential violation of the low-induction number condition (Beamish, 2011). In general EM31 
apparent resistivities should be considered as relative, not absolute, values such that general 
interpretations are not jeopardized. 
 
DISCUSSION 
 

Table 1 and Figure 21 provide the observed distribution of model resistivities for the YFB 
region on a site-by-site basis. The observed resistivities are classified based on the correlation to 
the mapped surficial sediments (Figures 2 and 4). Figure 22 illustrates the same distribution 
where the observed resistivities are both ordered and grouped based on common map units 
(Allard et al. 2012). However, map units are stratigraphic in nature and may not represent unique 
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sediment types, grain size distributions, or ground-ice occurrence. This is evidenced by only a 
partial distinction of mapped units based on electrical resistivity. For example, it is difficult to 
distinguish between glaciomarine deltaic sediments (GMd) and glaciofluvial sediments (GFp) 
and, in some cases, nearshore sediments (Mn) due to their generally common composition of 
sand and gravel. Similarly, ice-rich glaciomarine deltaic sediments (GMd) are electrically similar 
to alluvial sediments or even bedrock. Nevertheless, mapped stratigraphic units can be partially 
distinguished based on electrical resistivity. In addition, the anomalously low observed 
resistivities are not obviously correlated to any mapped surficial deposits, are largely consistent 
across sites, and are largely distinct from other map units. 

Using surficial mapping descriptions (Allard et al. 2012) and borehole observations (Mathon-
Dufour 2014), the observed resistivities can be further grouped based on interpreted material 
type as shown in Figure 23. There are distinct (gradational) electrical signatures for the different 
groupings (although this trend is dictated to some degree by the interpreted material type). The 
source of the anomalously low resistivities is unknown. Observations while air-drilling suggest 
relatively homogeneous silt and sand below Taxi A, which alone would not typically account for 
the observed resistivity or the variations in resistivity. 

Grain size distribution, water content and salinity measurements were performed on 
disturbed borehole cutting samples from DH11-07 on the shoulder of Taxi A (Table 2); the grain 
size distributions suggest an increase in sand with depth which would tend to reduce both the 
unfrozen water content and the available ions for electrolytic conduction. However, the limited 
number of water conductivity measurements indicate that salinity increases with depth, 
approaching 9 parts per thousand at 12 m depth (Table 2). Salinities approaching that of seawater 
have been reported in the vicinity at depths of 10 m (Knapik and Hanna 1998) consistent with 
the mapped marine limit (Figure 4). Due to salt exclusion during freezing, pore-water salinities 
approaching seawater will result in extremely elevated electrical conductivity of any unfrozen 
water content in addition to lowering the freezing point of the remaining water to several degrees 
below zero.  

There is some overlap observed between the resistivity of the silty lacustrine deposits (Lv) 
and the unidentified conductive material (Figure 23) suggesting that there may be some genetic 
relation. This hypothesis is supported by historical observations of large amounts of surface 
water in the region between Runway 17/35 and Taxi A (Short et al. 2014). This water-rich region 
extends from the taxiway, across the runway and correlates with the overlapping conductive 
anomalies observed in both the EM31 data and the CR model for Runway 17/35. Similarly, 
evidence of the role of groundwater is observed in the EM31 data for which there is a large 
increase in apparent resistivity from summer to winter. These large increases in winter resistivity 
are correlated with known persistent settlement of the apron surface and are consistent with 
alluvial material and large amounts of seasonally frozen water. 

For the experiments considered here, electrode spacing is generally too large to accurately 
capture the effect of the active layer which is typically a conductive anomaly for homogeneous 
ground in the summer months. This lack of resolution is exacerbated by the countering effect of 
resistive surficial material such as embankment or glaciofluvial sediments. If the active layer is 
entirely within the resistive surface layer, it will have the effect of reducing the summer bulk 
resistivity due to unfrozen water content. If the active layer extends below the resistive surface 
layer, it is likely indistinguishable from the lower more conductive ground. 

Within the active layer, there may also be temperature dependence associated with the 
electrical resistivity that is independent of the effect of the phase change of water at freezing. For 
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electrolytic solutions, the low-temperature dependence of electrical resistivity can be 
approximated by a linear increase in resistivity with decreased temperature (e.g., Hayashi 2004). 
By extension, the same linear relationship can be applied to earth material dominated by 
electrolytic conduction in a linear fashion such as that predicted by Archie’s Law for which bulk 
resistivity is directly proportional to fluid resistivity (e.g., Knight and Endres 2005). 
Theoretically, in a permafrost environment, a correction for temperature could be applied 
upwards from the thaw depth to normalize unfrozen resistivity to 0ºC. In the case of Taxi A, the 
temperature distribution is shown in Figure 24. Using the model of Hayashi (2004), the 
maximum correction would be a 17% increase in the recovered resistivity at the ground surface 
to compensate for July temperatures. The magnitude of the correction would decrease 
downwards to the thaw table. Below the freezing temperature, the effect of the reduction in 
available unfrozen water dominates any temperature effects in the remaining electrolytic solution 
and resistivity increases exponentially (e.g., King, 1977). 
 
CONCLUSIONS 

 
This Open File reports on electrical and electromagnetic geophysical data collected by the 

GSC at Iqaluit International Airport as part of the Land-Based Infrastructure Project within the 
Climate Change Program of Natural Resources Canada. Recovered resistivity models suggest 
distinct electrical signatures for most of the terrain types encountered which would allow for 
extensive geophysical characterization complimentary to landscape mapping, temperature data 
and shallow boreholes. The resistivity models also exhibit features indicative material type 
including ice-rich sediment and ice wedges. Several conductive anomalies are observed across 
YFB and the surrounding area which may be indicative of unidentified fine-grained material or 
large increases in pore-water salinity, both of which contribute to reduced resistivity and freezing 
point depression. 

The observed conductive anomalies correlate across the different survey sites and survey 
types (GR, CR, EM31) and are correlated with D-InSAR displacement and known differential 
settlement of airport infrastructures. As such, low resistivity may serve useful as an indicator of 
infrastructure sensitivity. However, as both a modelled and proxy quantity, electrical resistivity 
models are subject to some interpretation and error. The results herein should be considered in 
the context of the other forms of permafrost assessment. 
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TABLES 
 
Table 1. Observed electrical resistivities and approximate depths. Observations below the limit 
of model reliability are not included. 
 

Site Survey Depth 
Range (m) 

Map Unit Interpretation Resistivity 
(Ωm) 

Resistivity* 
(Ωm) 

A3 CR 0–5 GMd Sand/gravel 1000–3000 1730 

A3 CR 5+ Unidentified Unknown 10–30 20 

A07 CR/GR 0–5 Mn Silt/sand/gravel 1000–3000 1730 

A07 CR 0–5 Tb Till 500–1500 870 

A07 CR/GR 5+ Unidentified Unknown 10–30 20 

A07x GR 0–8 Mn 
Ice-rich 

silt/sand/gravel 
5000–8000 6320 

A10 GR 0–7 GMd Sand/gravel 800–2000 1260 

A10 GR 0–10 Polygon Ice wedge 8000–10000 8940 

A11 CR 0–3 GMd Sand/gravel 800–1000 890 

Runway CR 4+ R Bedrock 8000–20000 12650 

Runway CR 0–10+ GFp/GMd Sand/gravel 800–3000 1550 

Runway CR 4+ Unidentified Unknown 20–300 80 

Taxi A CR 0–6 Lv Silt 50–200 100 

Taxi A CR 0–10+ GFp/GMd Sand/gravel 800–1500 1100 

Taxi A CR 0–8 GMd Ice-rich sand/gravel 5000–8000 6320 

Taxi A CR 4+ Unidentified Unknown 5–50 20 

Taxi B CR 0–10+ Ap Ice-rich sand/gravel 3000–10000 5480 

Taxi B CR 0–10+ GMd Sand/gravel 1000–8000 2830 

Taxi A GR 1–10+ R Bedrock 4000–16000 8000 

Taxi A GR 0–5 GMd Ice-rich sand/gravel 2000–10000 4470 

Taxi A GR 0–3 GFp Sand/gravel 1000–3000 1730 

Taxi A GR 0–7 Lv Silt 15–30 20 

Taxi A GR 7–12 Lv Silt/sand 50–100 70 

Taxi A GR 3–10+ Unidentified Unknown 1–30 10 

       
*Log-based mean 
 
Table 2. Grain size, water content and pore-water conductivity for DH11-07 cutting samples. 
 

Depth 
(m) 

Sand 
(wt %) 

Silt 
(wt %) 

Clay 
(wt %) 

Water 
(wt %) 

Fluid Conductivity  
(20ºC, mS/m) 

Approximate Salinity 
(g/L) 

3.7 8.8 83.1 7.8 32.8 631 4.4 
6.9 21.5 71.6 5.8 23.2 735 5.1 

11.6 37.2 58.1 4.5 16.7 1234 8.6 
Fresh Water* 10 0.1 
Sea Water* 5000 35 

*Palacky 1988 
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Figure 21. Observed resistivity distribution in site order as per Table 1. Blue lines indicate 
resistivity range and black dots indicate log-based mean. 
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Figure 22. Observed resistivity distribution ordered by map units on a site-by-site basis (left) 
and grouped regionally (right) in approximate order of decreasing resistivity. Blue lines indicate 
resistivity range and black dots indicate log-based mean. 
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Figure 23. Observed resistivity distribution ordered by interpreted sediment type on a site-by-
site basis (left) and grouped regionally (right) in approximate order of decreasing resistivity. 
Blue lines indicate resistivity range and black dots indicate log-based mean.  
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