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Summary of 2018 Mackenzie Delta Permafrost Field Campaign (mCAN2018)

CHAPTER 1 - Introduction
Boike, J. and Dallimore, S.R.

The Arctic is experiencing the effects of climate change with increasing air temperatures,
fluctuations in seasonal sea ice cover and changing precipitation trends. As shown on Figure 1,
surface air temperatures in the western Arctic of North America and northern Siberia have warmed
by up to 4°C in the past 5 decades, a rate that is more than twice the global average. Consequent
changes are also occurring in the permafrost interval with observations compiled by the Global
Terrestrial Network for Permafrost indicating significant warming of permafrost in the past decade
(Biskaborn et al., 2019).
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Figure 1: Polar projection of trends in annual temperature data from 1968 to 2018 generated from
Goddard Institute for Space Studies GISS Surface Temperature Analysis v4 database
(https://data.giss.nasa.gov/gistemp/) using 250 km smoothing radius.
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In the western Arctic of Canada, along the Beaufort Sea coast, there is considerable interest in
studying permafrost response to ongoing climate change as this area is underlain by ice-rich
permafrost and it is presently experiencing rapid rates of coastal erosion and potential landscape
response. Canadian and international research groups are attempting to quantify the response of
permafrost to climate change and, in doing so, to provide information to northern residents and
communities who are appraising associated geohazards and developing adaptation strategies.
Similarly, there is interest in regional processes that may have global scale interconnections. Of
particular interest, the carbon cycle of permafrost regions has been shown to be very sensitive to
even short warming spells, snow cover duration and the amount of rainfall. Organic matter stored
in previously frozen sediments can start to decompose, potentially releasing greenhouse gases into
the atmosphere. These effects may potentially transform permafrost areas from a net sink to a net
source of atmospheric carbon in the future (AMAP, 2015).

This Open File Report summarizes permafrost field activities undertaken jointly by Canadian and
German researchers from August 13 to September 09, 2018. The field work was conducted in the
Mackenzie Delta area along the Inuvik-Tuktoyaktuk Highway corridor and near the community of
Tuktoyaktuk (Fig. 2). While the results we present are preliminary in nature, it is our goal to detail
the research we have undertaken together and to provide guidance on our plans to release our field
data sets. Central to this effort is our intent to report on our work to northerners.

Participant agencies and program description

The field work described in this report was realized as a collaboration between researchers from
the Canadian government, Canadian academic groups and German research institutes. The
Geological Survey of Canada’s research program focussed on geohazard aspects related to coastal
processes and goals to document nearshore bathymetry and quantify permafrost degradation. The
Canadian Hydrographic Service contributed equipment and assisted with processing and
interpretation of multibeam echo sounder surveys. The Aurora Research Institute provided
logistics support and, with Royal Roads University, participated in the marine field work. Wilfred
Laurier University and University of Guelph provided guidance on the selection of research sites
as well as access to the Trail Valley Creek research facilities.



The participants from Germany were enabled through a technology program that constituted a
module within the Modular Observation Solutions for Earth Systems (MOSES,
https://www.utz.de/moses/index.php?en=44537) project of the Helmholtz Association. This

novel, modular and mobile observing system of the Helmholtz Association is jointly developed
within the research field “Earth and Environment” and comprises highly flexible and mobile
observation modules which are specifically designed to investigate the interactions of short-term
events and long-term trends across Earth compartments. As a first test campaign, scientists,
technicians and students of the MOSES event group “Thawing Permafrost”, worked together in

Northwest Territories (Fig. 2).
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Figure 2: Overview map showing the study sites reached by car, foot and small boat during the
MOSES “mCAN2018” campaign in August and September 2018. The areas covered by flight
campaigns during August by AWI (Polar 5; LIDAR scanning, high resolution RGB images) and
DLR (Tandem L) are shown as red and green dashed rectangles. The numbers indicate the
investigated lakes (Lake 1, 3,6, 9, 11 and 12). MOBSI: Mobile Ocean Bottom Seismometer, GPS-
IR: GPS-IR: Interferometric Reflectometry, Los Gatos portable Greenhouse Gas Analyzer.
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CHAPTER 2 - Acoustic mapping of coastal areas near Tuktoyaktuk
Molloy, B., Dallimore, S.R., Youngblut, S., Kampmeier, M., Dallimore, A. and Amos, E.

Objectives

The Tuktoyaktuk area and its seaward coast are experiencing high rates of coastal erosion that
potentially pose a hazard to infrastructure in the community and to marine operational activities.
The scientific objective of our field work was to quantify the marine geomorphology and
bathymetric changes in the nearshore environment and contribute to the understanding of the
dominant geologic processes ongoing in this setting, such as thermokarst degradation in the
nearshore, sediment transport, and ice scour.

Methodology and Fieldwork Summary

Multibeam echo sounder (MBES) surveys were conducted in August 2017 and 2018. A 5.2 m GSC
survey launch was used in 2017 and a 6.7 m Aurora Research Institute launch was used in 2018.
A pole-mounted Norbit iWBMSc multibeam system with operating frequency between 160-400
kHz was used for both field campaigns. The system is owned by the Canadian Hydrographic
Service (CHS) with operations being conducted by the Geological Survey of Canada and Royal
Roads University. All Norbit data were collected using the QPS QINCy acquistion software, which
creates a file directory upon project setup so that incoming bathymetry data propagates the file
folders automatically. While surveying, an AML sound velocity probe was used to collect the
speed of sound through the water column. After each cast, the profiles collected were then
uploaded to the field laptop using SeaCast software, then reformatted to .svp files for Caris and
.csv files for QINCy, and finally saved in the SVP folder within the main project directory.
Metadata files were collected daily using a CHS excel file format to recorde survey specific
observations and saved in a metadata file within the main project directory. NRCan’s Canadian
Geodetic Survey Global Positioning System (GPS) base station data for Tuktoyaktuk were
collected to enable corrections to position and motion data. Post-processing and cleaning of the
multibeam data were undertaken by the CHS.

Preliminary results

The Tuktoyaktuk surveys focused on the approach to Tuktoyaktuk Harbour and the navigation
channel of the main harbour itself, the area offshore of Tuktoyaktuk Island, the seaward extent of
engineered shore line, and areas offshore of a large retrogressive thaw flow slide near Peninsula
Point (Fig. 3). In general, the bathymetry of the research area was shallow (<10 m) with the
exception of channels and localized dredged areas within the inner harbour that were up to 30 m
deep. The Canadian Coast Guard (CCG) dock was utilized for docking the survey launches and
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harbour surveys started and commenced each day from this site allowing en route surveying of the
main navigation channel. The following sections introduce the main research areas, highlighting
salient features.
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Figure 3: Location map showing multibeam bathymetry data collected during 2017 and 2018 field
campaigns.

Tuktoyaktuk Harbour approaches

Sailing directions for Tuktoyaktuk Harbour identify an eastern and western entrance to the
harbour, with the eastern entrance being the main navigation channel. The approach to the harbour
from Kugmallit Bay is marked by navigation buoys with a controlling depth of ~4.4 m. Only small
vessels are recommended to utilize the western harbour entrance. The strategy for the multibeam
surveys was to map the western harbour entrance and the approach to the eastern channel that had
been previously dredged. As shown on Figure 4, we observed that the west entrance to
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Figure 4: a) Bathymetry of approachs to Tuktoyaktuk Harbour and areas offshore of
Tuktoyaktuk Island, b) enhancement of bathymetry of dredged channel area.
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Tuktoyaktuk Harbour is very narrow and shallow, confirming that this entrance is only safe for
small vessels in good weather conditions (Fig. 4). Our mapping of the buoyed approach to the
east entrance to the harbour confirmed the shallow depth of this area with a narrow (~150 m)
dredged channel connecting to a deep sinuous channel that continues to the main harbour area
further to the south. The fidelity of the Norbit field data set allowed discrimination of subtle
linear scour features that could be remnant features from past dredging, propeller marks or
formed from possible ice scour (Fig. 4b).

Surveys offshore of Tuktoyaktuk Island

Tuktoyaktuk Island acts as a natural barrier protecting the harbour and community from the wave
action and associated erosion. Recent investigations by Whalen (pers. com.) suggest that the island
is eroding at an average rate of ~2 m/yr (2000-2015) and that at this rate, the island could be
breached by 2035. The sediments comprising Tuktoyaktuk Island consist mainly of frozen sands
with low ice contents. However, intervals of ice-rich strata have on occasion been exposed in the
lower sections of the island close to sea level. In some areas of the island there is a thin,
discontinuous cover of ice-rich diamicton. Several small retrogressive thaw flow slides have
formed in this setting in the western part of the island.

The offshore bathymetry of Tuktoyaktuk Island reveals several well defined basins and pitted areas
(Fig. 4a). In the shallow water areas immediately adjacent to the island there are also several
sediment tongues extending into the nearshore from the eroding bluff. We envisage that this
nearshore setting is undergoing thaw consolidation as the terrestrial permafrost has been
transgressed and the mean annual bottom temperatures are above 0°C. As a consequence of these
processes the main basin in front of Tuktoyaktuk Island may be a thermokarst basin. In contrast it
is apparent that in the very nearshore, active sediment deposition is occurring both from the sandy
sediments derived from cliff erosion and possible debris from retrogressive thaw flow slides.

Tuktoyaktuk Harbour surveys

The protected waters of Tuktoyaktuk Harbour near the community and south of the community
have an interesting and varied morphology. The most obvious feature is a sinuous channel that
deepens and widens toward the southern extent of the survey area. The channel has a maximum
depth of >20 m (Fig. 3). This feature is interpreted as a drowned glaciofluvial channel that was
formed during waning stages of deglaciation when sea level was much lower in the area than today.
The influence of human activity is also apparent in the harbour area. Immediately south of
Tuktoyaktuk Island there are several areas where sea floor dredging has occurred (Fig. 3). One of
these was the source of fill material for the Tuktoyaktuk water reservoir that was constructed in
the early 1980s.



The harbour area is recognized as a unique and important fish habitat as it is thought to be a nursery
for Arctic cisco, a spawning area for Pacific herring and a year round habitat for whitefish. Sound
velocity casts during our field survey confirmed that the water structure in the harbour area is quite
complex with indications that the deeper basins trap cold saline waters, in sharp contrast to the
overlying fresh water at the surface.

Eroding shore face offshore of community

The community of Tuktoyaktuk is located in a low lying coastal setting and has experienced
significant coastal erosion throughout its history. In the 1980s, a variety of coastal engineering
mitigation efforts were undertaken in an attempt to stabilize the west side of the peninsula where
the community is located (Johnson, 2003). Unfortunately, in recent years these shore works have
begun to fail and the erosion rates have increased, threatening existing infrastructure.

Recognizing the risk to the community, the Hamlet of Tuktoyaktuk has been relocating buildings
from the exposed areas of the peninsula. The Hamlet is urgently seeking a longer term
engineering solutions to protect the remaining infrastructure as well valued cultural places, such
as the community grave yard. The bathymetric surveys conducted on the west side of the
peninsula (Fig. 5) were undertaken to provide some modern base line information for engineers
evaluating mitigation strategies.

Access to the very nearshore was limited due to the shallow water depths within approximately
250 m of the shoreline. This foreshore area consists of sandy sediments with evidence of
considerable longshore sediment transport to the north. A ~9 km by 1.5 km area immediately
offshore of the peninsula was surveyed (Fig. 5). In this area water depths were shallow (<4 m)
with some small basins and arcuate sediment ridges that may be consistent with remnant shore
line positions. A shallow bench area immediately offshore of the tip of the peninsula was
inaccessible due to shallow water depths.
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Figure 5: Bathymetry of area west of the Tuktoyaktuk community where coastal erosion in
recent years has been particularly problematic.

Peninsula Point Surveys

Peninsula Point is a well-studied coastal permafrost site characterized by rapidly eroding ice-rich
permafrost. As described by Mackay and Dallimore (1992) the cliff sediments are composed of a
cover of 6-8 m of ice-rich glacial diamicton, overlying ~10 m of massive ice which in turn is
underlain by coarse grained sands. Cliff erosion is primarily a consequence of retrogressive thaw
flow slide activity with eroding ice-rich head walls and flows of liquefied sediment into the
nearshore (Fig. 6). Our survey of the nearshore was undertaken to document if there was
evidence of thermokarst activity in the nearshore area from thawing of ground ice below the
seabed. As was observed offshore of Tuktoyaktuk Island there is a very well defined basin
immediately offshore of the Island that has likely formed from permafrost thaw settlement in the
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nearshore. A number of distinct terrestrial sediment flows emanating from the retrogressive thaw

slide activity could also be traced into the nearshore.
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Figure 6: Multibeam bathymetry of area offshore of Peninsula Point.
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CHAPTER 3 — Acoustic mapping of lakes along the Inuvik-Tuktoyaktuk Highway

Kampmeier, M., Weiss, T. and Greinert, J.

Objectives

Thawing permafrost can lead to dramatic loss of sediment strength, sediment consolidation and
surface stability. In some cases, especially adjacent to lake shores, slumping or retrogressive thaw
flow slides can occur. The objective of the study was to locate and investigate short term
permafrost thaw events, where rapid sedimentation is occurring and methane could be released.
Field work included mapping the lake bottom morphology and determining the extent of
underwater slumps. These data guided the selection of water sampling locations and atmospheric
methane surveys. Our goals with the lake surveys were also to demonstrate an approach to lake
characterization using light weight equipment that can be rapidly deployed by a small research
team. It is our hope is that these data can be used as a basis for monitoring changes and long-term
trends.

Methodology and Fieldwork Summary

Field work was conducted with a collapsible canoe equipped with GARMIN GPS and two sonars:
A PanOptix Multibeam PS30 with a frequency of 417 kHz and a GTS2HW-TM single beam with
CHIRP technology (260/455/800 kHz) for creating depth profiles of the lakes. We did not detect
any acoustic evidence of gas releases in any of the lakes from the sonar data.

Preliminary Results

In general, we found it challenging to locate candidate study lakes that were suitable to reach with
the canoe and that had an active thaw slump along the shore of the lake. While the equipment we
utilized functioned effectively without helicopter support, considerable physical effort was
involved. We chose three lakes for mapping, arbitrarily named Lake 3, Lake 6 and Lake 9.

Lake 3 was approximately 6000 m? in area with a small active thaw slump occurring on the
southwestern shore (Fig. 7). The eastern lake bottom was generally less than 2 m deep and quite
flat. A small mini basin to 2.5 m deep was located adjacent to the thaw slump in the western part
of the lake.

14
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Figure 7: This map shows ‘Lake 3°, next to the Inuvik-Tuktoyaktuk Highway. The position of
water (blue), CTD (circle with point) and air sampling locations (white) are marked.

Lake 6 (3.1 km?) is much larger than Lake 3 (0.015 km?) with two small thaw slumps located on
the northern shore of the lake. The bathymetry of the lake bottom was variable, with water depths
less than 2 m in the eastern and southern parts of the lake. The western part of the lake had a
distinct basin that was 8 m deep. Only the most easterly slump area showed a slight change in
bathymetry that was possibly coincident with the slump (Fig. 8).
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Figure 8: This map shows ‘Lake 6°, next to the Inuvik-Tuktoyaktuk Highway. The position of
water (blue) and CTD stations (circle with point) are marked.

Lake 9 (Fig. 9; 0.065 km?) had an active thaw slump on the southeast shore. A very small mini
basin 5 m deep occurred immediately offshore of the thaw slump (Fig. 9). The lake morphology
is characterized by three basins, whereby the central basin is the deepest and has a relatively steep
slope. Figure 10 shows a thaw slump on the southern shore of ‘Lake 9°.
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Figure 9: This map shows ‘Lake 9°, next to the Tuktoyaktuk-Inuvik Highway. The position of
water (blue), CTD (circle with point) and air samples (white) are marked. Furthermore, two
sediment cores were taken.
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Figure 10: A ca 40 m wide and up to 12 m high thaw slump extends on the southern shore of
‘Lake 9°. Multibeam mapping revealed that the slump continues underwater to 8 m water depth at
about 50 m distance.
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CHAPTER 4 — Carbon geochemistry in lakes and coastal erosion sites

Nehir, M., Achterberg, P.E., Bussmann, I. and Overduin, P.P.

Objectives

Permafrost processes like thawing slumps and coastal erosion accelerate enormous amount of
carbon release in the Arctic in response to climate change (Grosse et al., 2013; Miller et al., 2014).
The scientific objective of our field work was collecting and analyzing the dissolved carbon data
from the lakes and coastal waters that is required to understand the carbonate system changes in
the Arctic.

Methodology
Total Alkalinity and Dissolved Inorganic Carbon Sampling

Water samples for Total Alkalinity and Dissolved Inorganic Carbon (TA/DIC) were drawn in the
laboratory directly from 2 L Nalgene bottles that were taken at different depths from undisturbed
sites in lakes or coastal sites. The samples were filtered through a pre-rinsed Pall AcroPak 1000
Supor Membrane 0.8/0.2 um filter. The filtered water sample was filled into 250 ml Pyrex
borosilicate glass bottles. One end of silicone tubing from the filter was placed to the bottom of
the glass bottle and the bottle was rotated while filling to ensure no bubbles accumulate inside,
overflowing was allowed to avoid the persistence of any minute bubbles. Samples were preserved
by adding 100 pl of 50% saturated HgCl, solution after removing 2.5 ml of sampled water for
headspace (Dickson et al., 2007). A thin layer of silicone grease was applied around the glass
stoppers and following appropriate labelling, the bottles were sealed and stored in the dark for later
analysis at GEOMAR. Analysis will be performed using a conventional titration method for TA
measurements and coulometric titration for DIC measurements on a SOMMA (Marianda)
analyzer. Water sampling lists for TA and DIC at the lakes and coastal erosion sites include the
sample label, date, latitude, longitude, notes and water depth (see Appendix A- Tables 7 —11).

Preliminary Results

We investigated three lakes (Lake 3, Lake 6 and Lake 9, Tables 7, 8 and 9). At the coast we focused
on two erosion sites (Tuk-Peninsula and Tuk-Island, Tables 10 and 11), and a more protected site
in Tuk-Harbour (Table 12). Sampling in the estuary of the Mackenzie River as well as the river
itself is shown in Tables 13 and 14. All samples were shipped to the home laboratory and will be
analyzed upon arrival.
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CHAPTER 5 — Nutrients and further geochemistry of lakes and coastal erosion sites
Bussmann, 1., Nehir, M. and Overduin, P.P.

Objective

The objective of this study is to obtain more detailed information on nutrient concentrations,
hydrography and stable isotopes of the water column to better understand the geochemistry of the
selected lakes.

Methodology

Water samples were taken at the surface and the bottom in transects crossing the lake or coastal
site from locations with observed erosion to presumably undisturbed locations. A
conductivity/temperature/depth (CTD) profile (Seacast CTD, Version 4.4.0) was taken at each site
prior to water sampling. The CTD, as well as the water sampler (1.5 L Uwitec, Austria), were
attached to a marked rope and lowered by hand. Water samples were transferred to 2 L Nalgene
bottles and processed in the laboratory.

Water samples for dissolved organic carbon (DOC) and colored dissolved organic matter (cDOM)
were filtered through a pre-rinsed disposable GF/F syringe with a pre-filter 0.7 pm pore size. 20
ml of filtrate was placed into a glass vial and 25 pl of 30 % HCI was added for conservation. About
40 ml of filtrate was filled into dark glass bottles and placed in cool storage. Samples were also
collected for the analyses of stable isotopes of water (unfiltered, 30 ml), major cations/total
elements (15 ml, filtered through 0.45 pm pore size cellulose acetate filters and conserved with
65% HNO3), major anions (8 ml, filtered through 0.45 um pore size cellulose acetate filters).
Oxygen, pH and conductivity were measured in the laboratory with a WTW 3401 Multiprobe.
Before each measurement the sensor was calibrated for oxygen and pH (see Tables 7-14).

Inorganic Nutrient Sampling

Water samples for inorganic nutrients (nitrate/nitrite, phosphate and silicate) were taken from 2 L
Nalgene bottles in the laboratory within a few hours of sampling. During sampling, latex gloves
were worn to avoid contamination. A pre-rinsed Pall AcroPak 1000 Supor Membrane 0.8/0.2 um
filter (with pre-filter) was used to transfer samples into acid washed (10% HCI) 50 ml
polypropylene conical centrifuge tubes from Jet Biofil. Samples were preserved with the addition
of 100 ul 4M HCl since freezing was not an option. Samples will be analyzed at GEOMAR using
a Seal QuAAtro AutoAnalyzer (See Tables 7-14 for preliminary results for nitrate, nitrite,
phosphate and silicic acid).
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Dissolved Organic Carbon and Dissolved Organic Nutrient Sampling

The water sampling and filtration methods described above for dissolved inorganic nutrients were
used for collecting samples of DOC and dissolved organic nitrogen (DON). The filtered water was
collected directly into pre-combusted 30 ml borosilicate glass vials and 100 pl of 4M HCI was
added to preserve the samples by lowering the pH of the solution values less than 2. Vials were
capped, labelled and stored in the dark. Samples will be analyzed at GEOMAR using a Shimadzu
TOC V series analyzer (See Tables 7-14 for preliminary results for DON and DOC).

Preliminary Results

We investigated three lakes (Lake 3, Lake 6 and Lake 9, Tables 7, 8 and 9). At the coast, we
focused on two erosion sites (Tuk-Peninsula and Tuk-Island, Tables 10 and 11), and a more
protected site in Tuk-Harbour (Table 12). Sampling in the estuary of the Mackenzie River as well
as the river itself is shown in Tables 13 and 14.

CTD-profiles revealed no stratification of the water column in all investigated lakes. Temperatures
ranged from 8 to 10°C (Fig. 11 for Lake 6). At the coastal sites, we observed a sharp stratification
with warm freshwater at the surface and colder saline water at the bottom (T < 8°C, PSU around
10, Fig. 12 for Tuk Island). The stratification was pronounced at the deep (20 m) Tuk Harbour
sites with temperatures of 4°C and salinities of >20% (Fig. 13). At these sites the bottom water
was also characterized by low oxygen content (2 - 3 mg/l). In the estuary as well as in the river,
the water column was well mixed, even at the deep river stations.

Samples for chemistry analyses were shipped to the home laboratory (see Appendix A- Tables 7 -
14).
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Figure 11: Example of a CTD-Profile at Lake 6.
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Figure 13: Example of a CTD-Profile from “Tuktoyaktuk Harbour”.
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CHAPTER 6 — Methane concentrations within sediments, water and air at locations in the
Mackenzie Delta and Tuktoyaktuk Peninsula

Bussmann, 1., Kampmeier, M. and Weiss, T.

Objectives

Thawing permafrost can, under some circumstances, release methane gas into the surrounding
atmosphere. One objective of our field program was to evaluate new technologies to detect
methane release that could result from local thaw events or natural geologic processes. Our strategy
was to document methane concentrations within sediments, water and air as a basis to consider
how much of the released gas reaches the atmosphere.

Methodology and Fieldwork Summary

Methane concentrations in the water were determined with the headspace method (Magen et al.
2014), as well as with the continuous degassing and subsequent detection with a portable
Greenhouse Gas Analyzer (Dissolved Gas Extraction Unit and Ultraportable Greenhouse Gas
Analyzer, both Los Gatos Research).

Water sampling followed the scheme of water chemistry (see Section 2.3, Tables 7 to 14). At the
coastal sites, 120 ml glass bottles were filled without bubbles and capped with butyl septa and
aluminum crimps. After adding 10 ml of synthetic air (Alphagaz 1), we added 0.2 ml of 8 M
NaOH. For the lakes, 60 ml syringes were filled with 40 ml of water and 20 ml of air. After shaking
for 2 minutes, 10 ml of the headspace (containing the methane) was transferred into 20-ml vials,
which had been filled completely with saturated NaCl solution. All samples will be analyzed in
the home laboratory.

For in situ measurements of methane a degassing unit of Los Gatos Research was attached to a
portable Greenhouse Gas Analyzer (GGA). Both instruments were operated with a car battery. The
sample water was sucked in by the internal pump of the degasser either from a bucket with
overflowing water from the boat’s pump (marine sites) or the inlet was attached to the side of the
canoe at approximately 30 cm water depth (lakes).

For later flux calculations, we also need the methane concentration of the air above the water
surface. Thus, an air inlet for the GGA was detached from the degasser to allow sampling of the
atmosphere. For the marine sites the inlet was fixed to the front boat’s rail approximately 1.5 m
above the sea, for lakes the inlet was fixed directly to the board of the canoe, approximately 30 cm
above the water surface. We also sampled the air along the highway with an inlet fixed to the side
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mirror of the car, at a height of approximately 1.70 m above the ground surface. While driving at
different dates along the Inuvik-Tuktoyaktuk Highway, air was analyzed directly with the GGA
inside the car.

All in situ data were recorded with UTC-time and will be geo-referenced in the home lab with the
positioning files.

Sediments samples were taken with a small piston corer, which was released by hand. The
sediment was then sampled in different core depths. 3 ml of sediment were added with 1.2 g NaCl
+ 0.5 ml NaCl solution and stored in 20 ml vials. For the river sediments, we used a small grab
sampler for surface samples of methane concentrations, as well as subsamples for porosity and
grain size.

Preliminary Results

All methane samples were shipped to the home laboratory and will be analyzed upon arrival.
Processing of the in situ methane data are in progress.

We investigated three lakes (Lake 3, Lake 6 and Lake 9, Tables 7, 8 and 9). At the coast, we
focused on two erosion sites (Tuk-Peninsula and Tuk-Island, Tables 10 and 11), and a more
protected site in Tuk-Harbour (Table 12). Sampling in the estuary of the Mackenzie River as well

as the river itself is shown in Tables 13 and 14. The in situ data are published online (see Appendix
A- Figure 40 and Table 15).

Methane concentrations above the river water are shown in Figure 14. From Inuvik northwestward
along the main channel we observed stable and low methane concentrations above the water
surface (< 1.99 ppm). When passing through a very narrow channel with dense reed vegetation at
the shore, methane concentrations increased to 2-2.06 ppm methane in the air (see arrows in Fig.
14). During the whole trip we had strong westerly winds. Methane concentrations were also
recorded on the trip back to Inuvik on the same route and are being processed.
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Figure 14: Methane concentration above the water surface along the Mackenzie River on
September 03, 2018. Arrows indicate higher methane concentration when passing through a very
narrow channel.
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CHAPTER 7 — Mobile Ocean Bottom Seismometer (MOBSI)
Cable, W., Haberland, C., Ryberg, T. and Overduin, P.P.

Objectives

The spatial distribution of submarine permafrost and its temporal variations are largely unknown.
The main aim of this study was to collect ambient seismic noise data at the sea bottom along two
transects from the shoreline into the shallow marine area close to Tuktoyaktuk Island, which can
be used to estimate the depth to the top of the submarine permafrost layer. Along these profiles,
information about the depth to permafrost exists from borehole investigations to which the seismic
results can be compared to.

Methodology

MOBSI is a mobile ocean bottom seismometer in a heavy duty pressure housing that is used to
record the ambient seismic wave field. The ratio of the frequency spectra of the horizontal to
vertical components (H/V) show peak values proportional to the thickness of the unfrozen layer
above ice-bonded permafrost, under a set of assumptions regarding the geometry and homogeneity
of the sediment below the seabed (Overduin et al., 2015).

For this study, a small boat was used to move into position at each of the measurement points and
then anchored to maintain position. The MOBSI, attached to a steel cable outfitted with
communications cable, was then lowered to the bottom and allowed to measure the ambient
seismic wave filed for approximately 5 minutes. A shipboard monitor allowed the operator to
control data quality. The actual data analysis was done in the lab after the measurements.

Preliminary Results

Overall 21 measurements were performed (Fig. 15, Table 1). Preliminary results indicate that the
depth to the top of permafrost ranged from approximately 2 m on the beach to approximately 14
m in the shallow marine area (Fig. 16). Highly preliminary interpretations are given in Figures 16
and 17 based on assumed (best-guess) propagation velocities and using an automated peak
detection algorithm. Measurements of the depth of the ice-bonded permafrost from two boreholes
drilled by the GSC during their sp