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CRUISE OBJECTIVES AND DEVIATIONS

The cruise was conducted from June 22nd to July 1th 2020 as part of the Centre of Excellence for Arctic
Gas Hydrate, Environment and Climate (CAGE) at UiT – The Arctic University of Norway. The main
objective of the research cruise was to recover one of our K-lander that was deployed for the 3rd time
offshore Prins Karls Forland, on an extensive methane seepage area (area a in Figure 1). This includes
incubation plates installed for Helge Niemann’s team to study the biofilm that could developed on
different types of polymers. The sub-objective in this area was to performed single and multibeam
surveys around the lander in order to locate the origin of the signal seen in the collected data, as well
as map the seepages to compare with our horizontally-looking multibeam mounted on the lander. In
addition, we collected water from Niskin bottles during CTD casts to measure methane concentration
in the water column along and across the lander.
The second objective of the cruise was to visit the site around the location called “MASOX” due to
the former seafloor observatory deployed there for 2 years, in order to check the status of the flare
activities (deeper part of area a in Figure 1).
We then decided to explore little known areas in search of a new “hot spots” and headed south to
explore the Sørkapp area (Southern Svalbard, area b in in Figure 1) where we expected to see a large
number of flares, based on Mau et al. 2017 and the flares located during CAGE 13-? (cruise leader
Karin Andreassen). We started to perform a single and multibeam survey in the area, but the little
activity there motivated us to change our plans and we decided to head to the pingo area (area c in
in Figure 1), where the coming NorEMSO mooring will most likely be deployed next year. As time
allowed, we headed to Kveithola were we suspect many more methane seepages than reported in
Mau et al. (2017) and Bazzaro et al. (2020) (area d in in Figure 1).
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Figure 1. Maps illustrating the working areas (red rectangles) where we performed single/multibeam surveys
and CTD casts offshore Prins Karls Forland (PKF, ~100m depth) and MASOX area (~200-400m depth), Sørkapp
(100m in average), pingo area and Kveithola.
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3.1

INVESTIGATED AREAS
Western Svalbard

The K-Lander observatory was deployed during CAGE 19-2 in July 2019 offshore Prins Karls Forland
(PKF), Svalbard, which is part of the Forlandet moraine complex (Landvik et al., 2005) (Figure 2). The
area is characterized by large bathymetric depressions (Landvik et al., 2005) and is known to
discharge methane in the water column from hundreds of individual gas flares patchily distributed
between 80 and 130 m depth (Sahling et al., 2014). The methane there has a microbial origin (Mau et
4

al., 2017), and unlikely results from locally dissociating gas hydrate due to the shallow depths. It is
instead suggested that lateral migration of methane from gas hydrate dissociation from deeper areas
could fuel the shallow shelf seeps (Rajan et al., 2012, Sarkar et al. 2012). Despite the methane not
reaching the atmosphere in summer 2017, little is known about the situation in colder seasons
regarding transport of methane to the atmosphere. We hope that our K-lander can shed light to
these uncertainties.
More than 1 000 flares were observed deeper offshore Western Svalbard region at ~400 m depth,
corresponding to the present-day landward limit of hydrate stability (Berndt et al., 2014) (Figure 2).
The flares there have been active for at least 3000 years (Berndt et al., 2014), and hydrates started
dissociating even earlier (~8,000 yr ago) when rapid glacial isostatic uplift overcame the sea-level rise
(Wallmann et al., 2018). Many previous studies surveyed the area, showing a constant activity.
However, these previous observations were based in summer data, and Ferré et al. (2020) showed a
strongly reduced activity during cold temperatures in May.

Figure 2. Maps of the areas with CTD stations (blue circles) with EK/multibeam surveys visible from the sharper
areas offshore Prins Karls Forland (PKF, ~100m depth) and MASOX area (~200-400m depth). The lander location
is indicated with the red cross, known flares locations are represented in black dots.

3.2

Sørkappbanken

Located on the south continental shelf of Svalbard, Sørkappbanken is influenced by cold Arctic
surface water coming from Storfjorden, known for significance production of dense water of brine
origin produced through ice formation in polynyas (e.g. Fer et al. 2006). It extends from 60 to ~230m
depth. Multiple flares have been reported by Mau et al. (2017) on two survey lines, but also on one
survey line reported in CAGE 13-?? (cruise leader Karin Andreassen). We suspect that this area covers
an extended amount of flares elsewhere on the shelf (Figure 3).
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Figure 3. Maps of the EK/multibeam surveys at Sørkapp, visible from the sharper areas. Kown flares locations are

represented in black dots.

3.3

Pingo area

The pingo area is located in Storfjordrenna around 16°E 76°N at ~390m depth, and is characterized
by circular morphologic features ~280-450m in diameter and 8-10m high (Serov et al., 2016). They
formed after the retreat of the last ice sheet (Serov et al., 2016). The pingo area has been visited
during many research cruises (CAGE 15-2; CAGE 15-5; CAGE 15-6; CAGE 15-7; CAGE 18-5), mainly to
perform seismic, sediment and water sampling, as well as mapping and imaging. However, no water
column data exist as the new multibeam echosounder was installed on Helmer Hansen in 2017, and
CAGE 18-5 was on Kronprins Håkon and no water column data was recorded with the multibeam. In
order to locate all the flares, we decided to map the area, extending the edges we already know. We
also performed CTD casts with water sampling for methane concentration.
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Figure 4. Maps of the EK/multibeam surveys at pingo area, visible from the sharper areas. Blue dots locate the

CTDs, covering the flares.

3.4

Kveithola

The last area we explored was Kveithola, glacially-carved U-shape depression with an East-West
orientation in the Barents Sea, north from Bjørnøya. The through is ~15 km wide and 100 km long,
with water depth from 200 to 400 m. It is covered with sediments derived from ice rafting and
meltwater plumes (Lucchi et al., 2013). Previous expeditions (as reported in Lucchi et al., 2016; Mau
et al., 2017 and Weniger et al., 2019) observed a few single methane seepage along the northern
edge of the though from thermogenic origin (Weniger et al., 2019).

3.5

Hydrography

The Norwegian Atlantic Current (NwAC) carries Atlantic Water (AW) (S >34.9 and T >3 °C). Following
a northward direction, this current is then called West Spitsbergen Current (WSC) which carries warm
and less saline Atlantic Water (AW) on the slope and continental shelf of Svalbard (Aagaard et al.,
1987). The East Spitsbergen Current (ESC) brings colder and low saline Arctic surface water (ASW)
from Eastern Svalbard, following the southern coasts of Svalbard and continuing northward over the
shelf (Saloranta and Svendsen, 2001). Sørkappbanken is therefore crossed by low salinity water (Mau
et al., 2017). The ESC is then known as the Coastal Current (CC).
Offshore Svalbard, meanders of the WSC render the area very dynamic and complex, flooding the
coast and bathymetric depressions with heavier AW (Nilssen et al., 2008; Silyakova et al., 2020). This
warm aerobic methanotrophs-free AW replaces the cold water rich in aerobic methanotrophs within
a few days (Steinle et al., 2015), implying reduced methane consumption during this current setting.
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4
4.1

METHODS AND PRELIMINARY RESULTS
Retrieve of K-lander

We could visualize the K-lander on the seafloor from the EK60 signal surrounded by flares (figure 2).

5.
Figure 5. Echosounder signal showing intense flare activity. Lander location is marked with the red arrow.

We started the process of retrieving the lander by placing the transponder in the water at 12:00 on
June 23rd. The first frequency did not work so we tried the other c-node frequency, working on its
own battery. It took about 25 min for the K-lander to be on deck from the time the dinghy was
placed in the water. Unfortunately, the quick observation of the general state of the lander revealed
that the DPU (data processing unit, where the data are stored) was wide open, exposing all cables
and the harddrive. It seems that the head of one of the cables created a reaction with the platinum
casing of the DPU, coroding everything touching it. The DPU shows signs that it was open for a long
time based on the damages and the melting of cables and harddrive (figure 3).

Figure 6. Observations after recovery: left: the DPU was already open after recovery. Right: what was left of the

hard drive containing the data.
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4.2

Singlebeam EK60 and multibeam EM302 for flare observation

Single beam echo sounders are common among all types of ships with the main purpose of detecting
fish. Here, the Simrad EK60 scientific echosounder system was used at 18 KHz, 38 KHz and 120 KHz to
identify active seeps. In a single beam echo sounder, the transducer projects a sound pulse through
water in a controlled direction and the reflected wave is received. The depth is calculated from the
travel time of the sound pulse. EK60 helps us quickly identify flares (example in Figure 5).
We also used the upgraded SIMRAD EM302 high-resolution multibeam system, including a maximum
of 864 beam compared to the previous version only including 135. This new system also maps the
water column and detect a broader area than the singlebeam echosounder, allowing to visualize
more flares (Example Figure 7). The multibeam was used with a 90° angle at a speed of 5kn during
most surveys, except at Kveithola where the angle was open at 120° to cover a larger area.

Figure 7. Example of flares in the pingo area seen by the multibeam ecosounder

4.3

ADCP

The ship is equipped with a traditional “Ocean Surveyor” Acoustic Doppler Current Profiler (ADCP)
from Teledyne RD, operating at 75 kHz. The setup consists of an ADCP transducer / receiver mounted
on the lowered keel, 7 meters below the sea surface, a deck unit, communicating with the device and
a standard PC in the Instrument room. The ADCP provides current amplitude and direction, as well as
backscatter information.

4.4

CTD

CTD (Conductivity, Temperature, Depth) sensors measure the physical properties of seawater. In
addition to measuring the conductivity, temperature and pressure (from which depth is calculated),
the CTD sensors can measure or calculate salinity of seawater, density, P-wave velocity, turbidity,
fluorescence/chlorophyll, and oxygen content. R/V Helmer Hanssen uses SBE 911plus CTD to produce
vertical profiles of seawater properties. A winch lowers the CTD system into the water at 1 m/s. The
CTD sensors record data at a rate of 24 samples per second. A total of 12 × 5-liters Niskin bottles are
attached to the CTD instrument set up to collect water samples from chosen depth. A single
conductor cable supplies power to the system and transmits data from and to the CTD system in real
time.
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Figure 8. Temperature –Salinity diagram a) offshore Prins Karls Forland, b) in the MASOX area, c) pingo area and d)
Kveithola colored by the depth

Water masses are dominated by Atlantic water (T>3°, S ~34.65 psu) in all settings. Intrusion of
Transformed Atlantic Water occurred offshore PKF near the seabed that resulted from heat loss to
the atmosphere and freshening due to meltwater from glaciers, snow and sea ice (Cottier et al. 2005)
(Figure 8). Pure Atlantic water was found in the MASOX area, with influence from intermediate water
near the seafloor. The water was stratified with a strong pycnocline around 70m in the shallow area
and between 20 and 30m in the MASOX area.
The hydrography presents very different features over the pingo site, showing a clear sign of brine
formation near the seafloor (e.g. Fer et al., 2003) (Figure 8c). The upper 200m is composed of warm
AW, with lower salinity due to mixing with East Spitsbergen water. Over Kveithola the water column
is characterized by surface water up to 50, Atlantic Water down to 100m depth and Polar Front
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signature (mixture of Atlantic water and Arctic Water) down to the sea floor (Harris et al., 1998)
(Figure 8d).

4.5

Microbiology: Lander’ incubators

The aim of the field incubations is to expose different polymer types to the marine environment and
compare the biofilms that have developed over time on the plastics. We also want to investigate
whether UV treatment of the polymer influences the microbial community.
The white plastic plate attached to the lander frame (called incubation holder, Figure 9) contains
small cartridges, which return contain a metal disc that is covered with the different plastic polymers
tested. After holders were recovered and brought back on the ship with the lander, they have been
processed in the lab. The cartridges with the Samples metal discs were taken out of the holder, and
the discs were subsampled (3 samples in total). (i) One subsample was stored in a tube with
RNAlater, (ii) one was wrapped in aluminum foil and subsequently frozen for lipid and surface
analyses and (iii) one was fixed in 4% formaldehyde solution and finally stored in PBS/Ethanol for
FISH (Fluorescent in-situ hybridization).

Figure 9. Incubation holders installed on the frame of the lander.

4.6

Water sampling at CTD location
4.6.1 Methane concentration

To prepare water samples for measurements of methane concentrations we applied the
conventional headspace gas extraction technique. Water samples were collected bubble free into
120 mL crimp seal bottles, and poisoned with 1 mL NaOH solution (Figure 10. Bottles were kept in
the fridge (5 degrees C) until analysis back in Tromsø with the GC.
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Figure 10. Sampling team: Manuel Mosser on the left sampling water from Niskin bottles, and Marie Stetzler on

the right poisening the water samples with NaOH.

4.6.2 Svalbard community analysis
We aim to setup incubation experiments using bottom and surface waters communities retrieved
from Svalbard waters exposed to methane. We collected 24 L of water from 371 m (Figure 11) and 5
m below the sea surface at station 284 above Pingo 3 (76°06.421N 15°58.079E). 20L of water were
concentrated on a GFF 142mm filter and added to 4L of in situ water. This ‘filter soup’ is kept at 4ºC
until further processing at NIOZ (Netherland).

Figure 11. Visual of the CTD track in the EK60 signal (line on the right side), illustrating that the water sample

was taken from the plume.
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CRUISE NARRATIVE
Date Time (UTC)
22.06
23.06

24.06

25.06

26.06
27.06

28.06
29.06
30.06
01.07

4.7

23:00
06:30
11:40
12:00
14:40
16:00
23:00
02:00
02:40
21:00
02:20
07:40
19:43
18:00
23:00
04:40
08:00
14:15
00:50
12:10
18:20
23:44

Departure from Longyearbyen
Arrival on site, single/multibeam survey around the K-lander
CTD above the lander
Recovery of the lander (10 8,08686 E / 78 33,8127) (on deck at 13:00)
Single/Multibeam survey where missing data (4 lines were not recording)
CTD across and along the lander
Single/multibeam line on along CTDs
Transect to MASOX site
multibeam survey
CTD survey
redo failed MASOX lines
Transit to Sørkapp
Sørkapp survey
transit to pingo
pingo CTD
pingo survey
transit to Kveithola
Kveithola exploration
Kveithola survey
Kveithola CTD
Kveithola survey
Transit to Tromsø
arrive in Tromsø
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