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Introduction

This Open File contains data from 129 electrical resistivity tomography (ERT) surveys
conducted for the characterization of permafrost and ground conditions at 19 study sites in the
southern Northwest Territories from 2015 to 2018. Of the 19 study sites, 16 were disturbed by
forest fire in 2014 or 2015 (burned - B), while three sites remained undisturbed/unburned
(unburned - UB). A description of the study sites and methodology are presented in the main
document, and the individual survey results are provided as .dat files. This Open File supports
ongoing research by the Geological Survey of Canada on post-fire permafrost dynamics in the
southern Northwest Territories and accompanies Open File 9299, entitled “Field observations of
climate, soil, and ecological conditions within the first five years following wildfire, southern
Northwest Territories”. Additional details are available in Holloway (2020).

This Open File contains a .zip with survey results (.dat files) organized into individual
folders for each study site, as well as a table (.csv) that summarizes all of the surveys that were
conducted.



Study area and sites

The following description of the study area and study sites is also provided in Open File
9299, entitled “Field observations of climate, soil, and ecological conditions within the first five
years following wildfire, southern Northwest Territories”.

The monitoring sites were selected by applying a stratified random sampling scheme within
seven areas burned by wildfire in 2014 or 2015 along Highways 1 and 3, mainly between Kakisa
and Behchoko (Figure 1). The strata represented a range of vegetation types, fire severities, and
fire histories. Further site selection occurred in the field, based on the presence of a frost table and
other conditions indicative of permafrost. The sites were established in 2015 (n=16), 2016 (n=2),
and 2017 (n=1) and were revisited annually from 2015 to 2019, with some exceptions due to
logistical constraints (Table 1). The study sites are aligned along a transect that runs southwest to
northeast, perpendicular to regional mean annual air temperature isotherms, the boundary between
the sporadic and extensive discontinuous permafrost zones (Heginbottom et al. 1995), and the
boundary between the Taiga Plains and Taiga Shield ecozones.

The regional climate is subarctic and continental, with a mean annual air temperature
(MAAT) of -4.0°C at Yellowknife (62.5°N) and -2.2°C at Hay River (60.1°N) (1991-2020 climate
normal) (Environment and Climate Change Canada 2025). Mean total annual precipitation is 294
mm at Yellowknife and 320 mm at Hay River, with snow fractions of 0.39 and 0.34, respectively
(1991-2020 climate normal) (Environment and Climate Change Canada 2025).

Fifteen sites are in the Taiga Plains ecozone, while four sites near Yellowknife are in the
Taiga Shield ecozone. The Taiga Plains consist of a gently rolling sedimentary bedrock plain
overlain by till and glaciolacustrine deposits. The vegetation is predominantly black spruce (Picea
mariana) in the lowlands and mixed forest in the uplands, with understories commonly composed
of mosses, lichens, sedges, and Labrador tea (Rhododendron groenlandicum). The Taiga Shield
comprises undulating exposed igneous and metamorphic bedrock, with low-lying wetlands
underlain by till and glaciolacustrine deposits. Jack pine (Pinus banksiana), black spruce, and
paper birch (Betula papyrifera) occur in thin soils at upland sites, while black spruce dominates
lowlands. Wetlands constitute 40% of the area, with peat thicknesses of 2 to 6 m (Gibson et al.
2018).

The southern part of the transect falls within the sporadic discontinuous permafrost zone,
where permafrost thicknesses are less than 30 m and mean annual ground temperatures are greater
than -1°C (Smith et al. 2008, 2015). The northern part of the transect is in the extensive
discontinuous permafrost zone, where permafrost is less than 50 m thick and has mean annual
ground temperatures above -2°C (Wolfe et al. 2015, Morse et al. 2016).
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Figure 1. Map of study area in the southern Northwest Territories, Canada, including burned
(n=16) and unburned (n=3) sites, major roads, 2014 and 2015 fire boundaries (Northwest
Territories Centre for Geomatics 2015), ecozones (Government of Northwest Territories 2008),
and permafrost distribution zones (Heginbottom et al. 1995). Inset map shows the location of

Yellowknife within Canada.



Table 1. Study site names, coordinates, descriptions, ecozones, dates visited, and estimated
permafrost thicknesses.

Site name / Latitude, (e.g., soil moistIl:::cf;ﬁ:;?;lrm vegetation Ecozone Dates visited Pt:;?l?:f:?: '
ID Longitude (°) 8o ’ »Veg ’ (YYYY-MM-DD)
local topography) (m)
2015-06-16
. . 2015-08-16
Bl 60.941, Peat 1alt\::lzzlcljtibohfy t%lzir.nokarst South Taiga 2016-05-17 15-20
(SS33-9a) -117.366 p I:IO slope ’ Plains 2016-09-01
pe- 2017-08-29
2018-09-03
B2 60.958, Subhygric. . South Taiga 2015-06-04
(SS33-6¢) 117.339 Spruce forest, lots of mounding. Plains 2015-08-14 None
No slope. 2016-09-06
B3 61.608, Gradient é\AeSICT S“lzxenc' b Central Taiga 2015-06-02 N
(ZF20-34b)  -117.154 racient TOM pne 10 Spruce fo hog. Plains 2015-08-15 one
No slope.
2015-06-08
. . 2015-08-15
(ZF123§—6b— 61.689, Severel}}\/‘tl)flsi’lr(l:c;(siuz)lgle;;és down Central Taiga 2016-05-13 10
1 -116.952 No sfope ’ Plains 2016-09-07 (patch)
; 2017-09-01
2018-09-07
2015-06-11
Mesic-subhygric. 2015-08-18
BS5 61.692, Wet spruce forest near pond; one end has Central Taiga 2016-05-13 15
(ZF20-6b- -116.953 thick peat plateau and the other is a very wet Plains 2016-09-05
LK) marsh. 2017-09-02
2018-09-06
2015-06-14
B6 61.736 Mesic. Central Tai 5812-82_12 >
(ZF20-12b) 1 1.6.83’4 Gradient from pine to black spruce to bog. en;rlz;insalga 3016-09-03 (small
No slope. 5017-08-31 patch)
2018-09-08
2015-06-10
Mesic-subhygric. 2015-08-19
B7 61.796, Spruce forest with lots of mounds, and small Central Taiga 2016-05-14 5.10
(ZF20-9¢) -116.740 section of unburned. Plains 2016-09-04
No slope. 2017-09-01
2018-09-05
2015-06-02
Mesic-subxeric. 2015-08-17
B8 61.863, Gradient of burn severity from unburned to Central Taiga 2016-05-14 10220
(ZF20-4a) -116.597 severely burned. Plains 2016-09-02
No slope. 2017-08-30
2018-09-09
2015-06-09
B9 62.345 Mesic-subhyeric. North Taiga %gig_gg_ﬁ
(ZF46-18b)  -116.482 Pine with Smﬂ]l are of black spruce. Plains 2016-09-14 =3
o siope. 2017-09-05
2018-09-12
2015-06-09
B10 62.450 Mesic. North Tai §8}§'8§'§2
1450, . orth Taiga -05-
(ZF46-35¢)  -116.496 Pine and dwal‘\rlf bll‘”k spruce patch. Plains 2016-09-13 =3
o slope. 2017-09-05
2018-09-12
BIl Mesic-subhygric. ggig_gg_gg 5
62.480, Small valley, pine on top of hill, spruce in North Taiga
(ZF46-1b- - - ano . 2016-05-15 (small
-116.518 valley bottom (wet/boggy). Hill slope is 30 Plains
D and valley bottom (60 m) is flat. Sandy 2017-09-06 patch)
) ) 2018-09-11
. . 2015-06-06
B12 62.481, Mesic-subhygric. . North Taiga 2015-08-20
(ZF46-1b- 116,520 Small valley, pine on top of hill, spruce in Plains 2016-05-20 5-10
2) ’ valley bottom (wet/boggy). Transect goes 3016-09-15




through burned and unburned area. Hill slope 2017-09-06
is 30° and valley bottom (60m) is flat. Sandy. 2018-09-11
2015-06-10
. 2015-08-19
Mesic. .
B13 62.485, North Taiga 2016-06-03
(ZF46-1¢) -116.518 SprucltiI staixd. Sandy. Plains ¢ 2016-09-15 3-10
o slope. 2017-09-05
2018-09-10
2016-06-16
(TI?];‘-‘I) -??35?3’2 Burned peatland with ice wedges. Taiga Shield gg}g:gg:g >24
2018-09-14
2015-06-18
(LL}-3PII§ AT) _??1413:3’4 Peatland in valley next to lithalsas. Taiga Shield gg}g:ggjg >24 m
2018-08-25
BI6 2015-06-18
(LL- 63.132, Lithalsa topped with spruce and birch trees. Taiga Shield 2015-08-30 >24 m
LITH2) -114.006 2016-09-11
2018-08-25
UBI 60.935 Mesic-subhygric. South Taiga 2017-08-23
P Unburned forest. . Sm
(KAK-UB) -117.072 No slope Plains 2018-09-04
. . 2016-05-18
(H[\Jié_ 62.029, Iggi‘ﬁﬂigg%f;f Central Taiga 2016-09-09 ot
UB-1A) -116.314 No slope. Plains 2017-09-03
2018-09-10
2015-06-07
2015-08-11
(815]?-31) _ﬁ:zi’z Unburned peat plateau. Taiga Shield gg}g:gg:?é >24 m
2017-09-07

2018-09-13




Electrical resistivity tomography

Electrical resistivity tomography (ERT) is a geophysical method that is becoming a
standard technique in the study and characterization of permafrost (Herring et al. 2023). ERT is
useful for understanding permafrost conditions because frozen ground, particularly if it is ice-rich,
is several orders of magnitude more resistive than unfrozen ground containing porewater.

ERT surveys are conducted by inserting metal electrodes into the ground along a survey
line (Figure 2). The electrodes are connected to a power source through a series of cables, and then
a DC electrical current is sent through the cables to the electrodes. The resulting voltage difference
measured through other electrodes indicates the resistivity of the ground between these electrodes
to the current. In a single survey, many measurements are collected using different combinations
of electrodes, allowing for 2-dimensional visualization of resistivity patterns to a certain depth of
investigation. Generally, the longer the surveys, the greater the depth of investigation. During the
measurements, the instrument records apparent resistivities, which are indirect indicators of the
ground resistivity.

ERT surveys are often supplemented by additional field information to provide context and
to support the interpretation of permafrost presence and distribution. Thaw depths, measured using
a frost probe, can help to indicate the presence of frozen ground and identify local thresholds for
frozen versus unfrozen ground (Mackay 1977, Way et al. 2018, 2021). Topographical information
along survey lines can also provide context, with elevated areas potentially indicating permafrost
landforms underlain by ground ice and lower spots indicating areas that may have subsided due to
thermokarst development.

Figure , Electroesand cables used in an eletial retivity tomography urvy conducted in
August 2016.



At these study sites (Table 2), surveys were conducted using the ABEM Terrameter LS.
Surveys were 40, 80, or 160 m in length, reaching depths of investigation of approximately 6, 12,
and 24 m, respectively. Minimum electrode spacings were set to 0.5, 1, or 2 m for the 40, 80, and
160 m-long surveys, respectively. The shorter surveys with smaller electrode spacings provide
higher resolution tomograms of the active layer and uppermost permafrost, whereas the longer
surveys with larger electrode spacings provide greater depths of investigation that can indicate the
base of permafrost. Surveys were collected in a Wenner array, for its stability in heterogeneous
regions and clear delineation of horizontal structures, such as the base of the active layer and the
top and bottom of the permafrost (Hauck et al. 2004, Fortier et al. 2008, Herring et al. 2023).
Topographic information was collected along these survey lines using a handheld Abney level in
2015 or a ZipLevel Pro-2000 altimeter in 2016, 2017, and 2018. The topography was calculated
relative to a starting elevation that was measured using the Trimble R7 differential GPS. The
topographic data is appended to each of the .dat files.



Table 2. Summary of ERT surveys conducted at 19 study sites in the southern Northern Territories
from 2015 to 2018 following wildfires in 2014 and 2015.

Latitude Longitude Number of Dates visited Survey length(s)

Site © © surveys (YYYY-MM-DD) (m)

2015-06-16
2015-08-16
2016-05-17 40
2016-09-01 160
2017-08-29
2018-09-03

2015-06-04
B2 60.95821 -117.33925 4 2015-08-14
2016-09-06

B1 60.94252 -117.36760 10

40
160

2015-06-02
B3 61.60719 -117.15216 2 2015-08-15 160

2015-06-08
2015-08-15
2016-05-13 40
2016-09-07 160
2017-09-01
2018-09-07
2015-06-11
2015-08-18
2016-05-13 40
2016-09-05 160
2017-09-02
2018-09-06
2015-06-14
2015-08-13
2016-05-15 40
2016-09-03 160
2017-08-31
2018-09-08
2015-06-10
2015-08-19
2016-05-14
B7 61.79598 -116.74158 6 2016-09-04 160
2017-09-01
2018-09-05
2015-06-02
2015-08-17
2016-05-14 40
2016-09-02 160
2017-08-30
2018-09-09
2015-06-09
2015-08-12 40
2016-05-11
B9 62.34478 -116.48088 9 2016-09-14 18600
2017-09-05
2018-09-12
2015-06-09
2015-08-20 40
B10 62.44933 -116.49620 7 2016-05-16 80
2016-09-13 160
2017-09-05
2018-09-12
2015-06-06
2015-08-20 40
B11 62.48020 -116.51913 6 2016-05-15 80
2017-09-06 160
2018-09-11

B4 61.68981 -116.95195 10

BS 61.69166 -116.95312 10

B6 61.73540 -116.83377 10

B8 61.86187 -116.59834 10




B12

62.48088

-116.52031

2015-06-06
2015-08-20
2016-05-20
2016-09-15
2017-09-06
2018-09-11

40
80

B13

62.48500

-116.51748

2015-06-10
2015-08-19
2016-06-03
2016-09-15
2017-09-05
2018-09-10

40

B14

62.52220

-113.38200

2016-06-16
2016-09-12
2017-09-07
2018-09-14

160

BI15

63.13341

-114.00413

2015-06-18
2015-08-30
2016-09-10
2018-08-25

160

B16

63.13244

-114.00634

2015-06-18
2015-08-30
2016-09-11
2018-08-25

160

UBI1

60.93496

-117.07239

2017-08-23
2018-09-04

80

UB2

62.02892

-116.31390

2016-05-18
2016-09-09
2017-09-03
2018-09-10

160

UB3

62.45825

-114.53160

2015-06-07
2015-08-11
2016-05-31
2016-09-16
2017-09-07
2018-09-13

160




Mean apparent resistivity values for the burned study sites from 2015 to 2018 were extracted and
exhibit no significant change through time, due to the large range in resistivity values across study
sites and dampening by the inclusion of unfrozen portions of the surveys, particularly where dry
sand without permafrost exhibits high apparent resistivities (Figure 3).

2500 3000
| |

2000
|
o]

1500

Mean resistivity (Qm)

1000

500
|

T T T T
2015 2016 2017 2018
Figure 3. Mean apparent resistivity from electrical resistivity tomography surveys conducted at

burned study sites (B1-B16) from 2015 to 2018. Note the difference in the y-axis in Figure 4.
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A decline in mean apparent resistivities from 2015 to 2018 is statistically significant (p-value <
0.05) for a subset of the burned study sites, Bl through B13, all of which are within the Taiga
Plains ecozone and are characterized by relatively thin permafrost (Figure 4). This indicates an
increase in unfrozen moisture content and a decrease in ice content at these sites. The northernmost
sites within the Taiga Shield ecozone, B14, B15, and B16, with permafrost thicknesses of at least
24 m, have much higher resistivities than study sites B1 through B13, given their higher ground
ice contents and thicker and colder permafrost.

1500 2000

Mean resistivity (Qm)
1000

500

o 4 T — P —
I T T I
2015 2016 2017 2018
Figure 4. Mean apparent resistivity from electrical resistivity tomography surveys conducted at

burned study sites (B1-B13) from 2015 to 2018. Note the difference in the y-axis in Figure 3.

These data provide a baseline from which to measure future permafrost response to wildfire
in northern Canada and complement other existing ERT datasets from the region collected by the
Geological Survey of Canada (Oldenborger 2012).
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