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1. Participant list and shifts

Name Position (Institution) Shift GEO-3144/8144
enrolled

Pavel Serov Researcher (CAGE, UiT) 2

Henry Patton Researcher (CAGE, UiT) 1

Adriano Mazzini Researcher (CEED, UiO) 1

Rune Mattingsdal Geologist (NPD) 1

Grace Shephard Researcher (CEED, UiO) 1

Frances Ann Cooke PhD (CAGE, UiT) 2

Victor Cesar Martins de Aguiar | PhD (CIRFA, UiT) 2 v

Villads Dyrved Holm MSc (UiT) 2 v

Giulia Alessandrini PhD (Bologna University) 1 v

Juan Camilo Meza Cala PhD (CEED, UiO) 1 v

Paula Luerssen BSc (University of Kiel) 2 v

Stormer Alexander Jensen Chief engineer (UiT) 08:00-16:00;
20:00-00:00

Reidar Kaasa Engineer (UiT) 16:00-20:00;
00:00-08:00

Work was organized into two 12 hour-long shifts. Shift 1: 08:00-20:00 Shift 2: 20:00-08:00
(TOS time). We departed from Longyearbyen on 02.12 at 20:00, transiting to Hopendjupet via sta-
tions in Storfjordrenna and Spitsbergenbanken. We left the Hopendjupet study area during the even-
ing of 11.08.22, visiting Hopen/Spitsbergenbanken, Nordflaket and Bjgrngyrenna, and arriving into
port in Tromsg at 08:00 on 20.12.22

2. Cruise objectives

The CAGE 22-6-HH cruise is organized by the Centre of Excellence (SFF) CAGE -Centre for Arctic
Gas Hydrates, Environment and Climate and hosts UiT’s Arctic Marine Geology and Geophysics (GEO-
8144 and GEO-3144) field course for PhD and Master students (5 ECTS). The cruise is supported by,
and carried out in close collaboration with, NPD — the Norwegian Petroleum Directorate, and the
INTPART project HOTMUD based at Centre for Earth Evolution and Dynamics (CEED) the University of
Oslo. The cruise is also a part of the UNESCO Training Through Research program (formerly, The Float-
ing University) and in the framework of this project is also coded as TTR22.

The main scientific objectives of the cruise are to investigate:

0 geological controls on fluid-flow dynamics on an uplifted, repeatedly glaciated, and eroded
Northern Norwegian Barents Sea shelf and,

0 the fate of the released hydrocarbons in the water column, on the sea surface, and in the
atmosphere.
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Over the last ~50 Myrs, the Norwegian sector of the Barents Sea experienced 1.7 — 2.6 km of
preglacial and glacial erosion (Laberg et al., 2012; Lasabuda et al., 2021). Removal of this overburden
and the degradation of caprocks can promote fluid migration from natural geological reservoirs, re-
sulting in hydrocarbon seeps at the seafloor. Previous research cruises (CAGE 18-1, CAGE 19-2, CAGE
20-2, CAGE 21-4, CAGE 21-6) and remote sensing Synthetic Aperture Radar (SAR) data have mapped
oil slick emission spots and extensive gas leakage from the seafloor closely associated to eroded struc-
tures across Sentralbanken High (Hopendjupet), Storbanken High, and Kong Karls Platform, all of which
have hydrocarbon potential. However, the existing seismic data (both in terms of coverage and reso-
lution) have not revealed whether hydrocarbon leakage occurs through faulted, partially and/or com-
pletely eroded caprock. It is also not clear whether the reservoir properties vary significantly across
the eroded structures, leading to variable magnitudes of fluid release. Moreover, the role of gas hy-
drate as a potential sealing mechanism for these shallow petroleum systems has not been investigated.

Across the Northern Norwegian Barents Sea, the large-scale and persistent sources of me-
thane and heavier hydrocarbon gases at the seafloor produce significant gas fluxes, a fraction of which
may bypass the microbial oxidation “filter” in the water column and reach the atmosphere. Moreover,
oil-coated gas bubbles, such as the ones previously observed with an ROV during the CAGE 21-6 cruise,
have been hypothesized to slowdown the dissolution of gas bubbles and increase their potential to
carry methane to the higher levels of the water column (Leifer et al., 2009). The strength of the seafloor
methane source at glacially eroded hydrocarbon-bearing structures of the Northern Norwegian Bar-
ents Sea and its high potential to produce oil-coated bubbles indicate a necessity to quantify sea-air
fluxes of methane.

Interpretations of the SAR images of the Northern Norwegian Barents Sea throughout 2021-
2022 by NPD and K-SAT has revealed large and persistent oil slicks originating from natural geological
sources on the seafloor. These slicks can be a natural laboratory for investigating how meteorological
and oceanographic conditions shape non-anthropogenic oil slicks. Visual observations of the slicks and
in-situ oceanographic and meteorological data collected simultaneously with satellite SAR images will
be important to verify remote sensing data interpretations and models.

The cruise tasks:

0 Collect high-resolution 2D seismic data at selected locations

0 Collect 3D seismic data in Hopendjupet area

0 Map gas seeps at new areas within Spitsbergenbanken and extend gas seep mapping in
Hopendjupet

0 Collect oceanographic (CTD, ADCP) and meteorological data simultaneously with satellite
SAR data acquisition

0 Collect water and air samples at sampling locations of CAGE 21-6 cruise and at new loca-
tions suggested based on meteorological data

0 Collect gas hydrate samples

0 Collect sediment samples for collaborative projects (biomarker, microplastics, and benthic
foraminifera analyses)

0 Collect water samples and multibeam water column data above abandoned boreholes in
the Southern Barents Sea

0 Additional educational and active training-based activities
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Figure 1: The main study areas investigated during the CAGE-22-6-HH cruise.
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3. Equipment and methods

3.1. Singlebeam echosounder EK60

Single beam echosounders are a common instrument, installed on all types of ships. Their pri-
mary purpose is to estimate the depth of the seafloor. In a single beam echosounder, 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. R/V Helmer Hanssen has a keel-mounted
Simrad EK 60 single beam echosounder with transducers at three different frequencies, 18 kHz, 38 kHz,
and 120 kHz. The 18 kHz transducer can be used for depths up to 10 km whereas 38 kHz and 120 kHz
can only be used for depths up to 2 km and 500 m, respectively.

Single beam echosounder profiles were acquired across an intense area of gas seepage in the
Hopendjupet seep area, using a frequency of 38 kHz and replicating acquisition lines taken during the
CAGE21-6 cruise. Apart from during this profile acquisition, the EK60 was switched off in order to re-
duce interference and increase resolution in the EM302 water column data.

3.2.  Multibeam echosounder EM302

Multibeam echosounders use a swath of beams giving off-track depth. Basic components of a
multibeam system are two linear transducer arrays with separate units for transmitting and receiving.
Echosounders measure the two-way travel time that a sound wave initiated by the transmitter needs
to reach the seafloor and be reflected back to the receiver. The time-depth conversion is done based
off a sound velocity profile of the water column, which can be calculated from a CTD cast.

R/V Helmer Hanssen is equipped with the hull-mounted Kongsberg Simrad EM302 multibeam
echosounder system. The nominal sonar frequency of the sound waves is 30 kHz with an angular cov-
erage sector of up to 150° and 432 beams per ping. The ping rate adjusts automatically depending on
the water depth, typically ranging between 0.5 and 2 Hz on shelf areas. In extremely shallow waters
e.g., <50 m around Hopen, the ping rate exceeded 5 Hz. The achievable swath width on the seafloor
depends on the water depth and the selected opening angle.

During CAGE 22-6-HH we used the EM302 multibeam echosounder to acquire seafloor bath-
ymetric data and for identifying locations and the relative strength of free gas release from the sea-
floor. The system was used with a 60°/60° opening angle. The echosounder was typically operated
using an internal trigger, with the single beam echosounder EK60 and subbottom profiler (CHIRP)
switched off. The QPS Qimera software was used to process and generate gridded bathymetric data.

Gas seep mapping was done in the QPS FMMidwater software. The acquired data in *.all and
* .wcd file formats were converted to the generic water column format (*.gwc). *.gwc files were visu-
alized in fan view and stacked view. Locations of the gas flares were determined manually by observ-
ing the data in a fan view and retrieving coordinates of the gas flare initiation points using the ge-
opicking tool. Flare locations were plotted on the maps and used for planning seismic data acquisi-
tion, sediment and water sampling. Along the seismic lines, the outlines of the gas flares were
cropped (Figure 2B), then plotted in Petrel or Fledermaus (Figure 2C).
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[l-&.—.ﬂ:.l.z’.. . .
Figure 2: Gas flare cropping workflow. a — limiting the beam span to a size of a flare. b — outlining
flare contours and exporting the content of the selected volume in *.ascii format. c — importing the
flare volumes to QPS Fledermaus, Petrel, etc. software.

3.3. 2D seismic

Source: During 2D seismic acquisition, typically two Gl (Generator-Injector) air guns were used
as the seismic source. The air gun generates seismic waves by releasing compressed air into the water.
A compressor supplies air at a maximum pressure of 170 bar to the air gun. We reduced the seismic
source to one Gl gun to test the effectiveness of source noise removal in the processing. Shooting rate,
sampling rate and other acquisition parameters for each line is listed in the line-log.

Streamer: The streamer used during 2D data acquisition is 300 m long with 96 channels sepa-
rated by 3.125 m. The streamer is composed of twelve 25 m long P-Cable Sections.

Operation: The streamer is towed behind the ship at a distance of 70 m from an arm at ~10.5
m from the centre of the boat. The arm is fixed 2m in front of the aft of the ship on the port side. The
air gun is towed at a distance of 34 m behind the ship at ~2m depth.

See Figure 3 for geometry of the survey, Table 1 for acquisition parameters and Table 2 for
seismic processing flow.
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Figure 3: Geometry of the 2D seismic survey. The gun position is used as a reference point for
streamer geometry calculation.

Table 1: Seismic acquisition parameters of seismic lines acquired during CAGE22-6 cruise

2D survey parameters
Deployment/recovery 0.5h
Survey speed 4-5 kt
Source 1 mini GI (30/30 in3) & 1 mini GI (15/15 in3) (1 or 2
guns)
Shooting rate 4-5s
Shooting pressure 140-170 bar
Source towing depth 15-20m
Dominant frequency (bandwidth) 140-180 Hz (20-400 Hz)
Positioning GPS transponder on gun raft
Streamer length 320m
Active section 300 m
Across track position relative to gun 10.5 m to port
Number of channels 96 (8 channels per section)
Receiver group spacing 3.125m
Streamer towing depth, 2I0N DigiCourse Depth birds | 2.0-3.0 m
Sampling rate/interval 4000 Hz / 0.25 ms
Recording length 3s

We processed 13 out of 17 2D seismic lines collected from the Hopendjupet and Storbanken
areas. Lines 4, 7-8 and 12 revealed errors in acquisition and will be processed after the cruise. The raw
data were processed using the RadExPro 2020.1 software. The seismic processing flow, as listed in
Table 2 below, includes (1) geometry assignment after processing navigation files (using Rowan’s py-
thon code), (2) filtering (simple band-pass), and spherical divergence, (3) denoise (burst removal, de-
bubble and F-X filtering), (4) NMO correction, (5) post stack Kirchhoff Migration, and (6) post-migration
conditioning, (zero phase butterworth filtering).
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Figure 4 and Figure 5 show stacked sections for processing steps 3- 6. Low penetration is expected in
the area because the bedrock may be eroded down to the Triassic, which is particularly hard.

Table 2: Seismic processing flow for seismic lines acquired during CAGE22-6

Seismic Processing Flow

SEG-D import and geometry assignment Input of SEG-D files
Geometry assignment and offset calculation
Filtering in the shot gathers Filtering of bad channels:

Band-pass filter of 15/20/450/500 Hz
Spherical divergence
Burst noise removal

Wavelet extraction Extraction of source signature
Deconvolution (debubble) Apply bubble filter (CDP gathers)
NMO and stacking NMO (1450 m/s)
Ensemble stack
Denoise (stack) F-X filtering
Migration Post Stack Kirchhoff Migration
(constant velocity of 1500 m/s, aperture 300m)
Post-migration Butterworth filtering (zero-phase, 60-500 Hz)
Top Mute (above the seafloor)
SEG-Y output IBM floating point

CDP_X,4R, IBM, 181/CDP_Y, 4R, IBM, 185
Coordinate system: WGS84-UTM35N

Figure 4: Burst removal and migration

10
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3.4. CTD and water column sampling
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 SBE 911plus CTD measures density, sound velocity, turbidity, fluorescence/chlorophyll and oxygen
content (Figure 6). Furthermore, the CTD deck unit can trigger the closure of Niskin bottles at discrete
depths. Water samples can be taken from the Niskin bottles for further analysis.

R/V Helmer Hanssen uses a SBE 911plus CTD for producing vertical profiles of seawater prop-
erties. A winch is used to lower the CTD system into the water. The SBE 911plus CTD records data at a
rate of 24 samples per second. The 911plus system uses the modular SBE 3plus temperature sensor,
SBE 4C conductivity sensor, SBE 5T submersible pump, and TC duct. The submersible pump pumps
water along the sensor to measure the conductivity. The TC duct makes sure that temperature and
conductivity are measured on the same parcel of water.

CTD data was collected during the cruise to measure variations in the sound velocity profile of
the water column — a necessary calibration for multibeam echosounder surveying. Further targeted
CTD data and water samples were collected at 16 sites during the cruise with the aim of tracing the
passage of methane through the water column.

11
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Figure 6: An example of the salinity, temperature, density and fluorescence profiles acquired with the
SBE 911 plus CTD at station 1197.

3.5. ADCP — Acoustic Doppler Current Profiler
ADCP is an acoustic system used to measure current direction and speed. R/V Helmer
Hanssen is equipped with a Teledyne RD “Ocean Surveyor” ADCP, operated at 75kHz. The ADCP sys-
tem consists of a transducer-receiver unit installed on the ship’s keel, a deck unit and a PC in a con-
troller room. Since ADCP causes interference in water column data collected by the EM302 this in-
strument was therefore used only when the multibeam echosounder was switched off.

3.6. Sediment coring

Sediment samples were collected with a gravity corer and a multi corer. The main goals were
to retrieve sediments from a) targeted sites where acoustic data or previous sampling indicated in-
tense gas/oil seepage activity, b) to collect archive cores from sites sampled during previous expedi-
tions, and c) to have reference cores from which data could be extracted to compare with anomalous
seepage sites. A total of 12 gravity and 4 multi coring stations were completed.

Gravity core sampling stations were completed using a 1.3 tonne, 6 m-long gravity corer with
a 119 mm-diameter barrel (Figure 7A). The device is equipped with a core catcher, top flapping mech-
anism and swivel on its top part. A new plastic liner was inserted at each new station. The deployment
depth was controlled by the main winch and a free fall was triggered when the gravity corer was posi-
tioned ~20 m above the sea floor. Once the gravity corer was retrieved onboard, the plastic liner was
extruded from the barrel and subsequently cut in 1 m long sections (0 m at seafloor). The sections
were capped and labelled. Core sections needed for immediate sampling were subsequently cut
lengthwise using a rotatory saw (Figure 8), with the core sediments split using a fishing line. One half
was sent for core photography, core description, gas extraction, sediment subsampling, and the sec-
ond half for packing and boxing in containers (D-tubes) for storage in a +4°C cool room.

12
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Figure 8: Sediment core processing. A — core liner cut in sections; sections are labelled and sealed. B —
core liner ready for splitting with a rotary saw. C — split open core section ready for subsampling and
description.

The multi corer allows the collection of six 50 - 60 cm long sediment cores with minimum dis-
turbance and good preservation of surface sediments (Figure 7B). Each core is collected in a transpar-
ent plastic liner (60 cm long and 90 mm in diameter). Upon recovery the liners were unplugged from
the multicorer and the sediments were extracted from the liners section-by-section. After the subsam-
pling, the liners were washed and reused. During CAGE 22-6-HH cruise, the multicorer was used to
collect samples for benthic foraminifera analyses, interstitial gas composition (headspace), biomarker
analyses, and microplastics analyses.

13
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3.7. Sediment sampling

3.7.1. Headspace gas sampling
Once the gravity core sections were split into two parts, they were processed for headspace

gas sampling. 5ml of sediment were collected using a 6 ml syringe with the luper tip removed. The
sediment was then transferred in a 20 ml glass vial where 5 ml of 1M NaOH solution was added to
reduce microbial degradation of the sample. The vials were immediately labelled, cleaned, sealed with
a rubber septum, crimped with aluminium cap and stored at +4 °C. At most stations, samples were
collected in the lowermost part of the core and, when the core was split open, at 20 cm intervals
throughout the sections. 74 headspace samples were collected from 11 gravity cores and 2 multi cor-
ers.

3.7.2. Gas hydrate sampling
Gas hydrates recovered at station CAGE22-6-HH-1198-GC were immediately bagged and

stored at -80°C. Additionally, the gas hydrates from the same downcore intervals were sampled in
20 ml glass vials. Pieces of hydrates were submerged in a bucket full of water, and the released gas
was collected in the vials that were sealed and crimped in subaqueous conditions.

3.7.3. Hydrocarbon extraction
At seepages sites where oil seepage was inferred, portions of sediments were sampled from

the lowermost part of the cores (typically the core catcher). Nine samples were collected from eight
individual stations, and bags were stored at -23°C for in-house laboratory analyses on hydrocarbon
content.

3.7.4. Potential methanogenic carbonates
Inferred methanogenic carbonate specimens were retrieved in the cored sediments. These

were washed and bagged for further laboratory analyses.

3.7.5. Subsampling for microplastics analyses
Subsamples for microplastics analyses were collected from 3 multi corers. 1 cm-thick sediment

slices were collected from the top 5 cm of the recovered sections. Additional samples were taken every
2.5 cm towards the bottom of the recovered sediments. A blank sample to identify background levels
of pollution was collected at each station during deck operations. At total of 37 samples were stored
at -23°C for in house laboratory analyses.

3.7.6. Subsampling for benthic foraminifera
Subsamples for micropaleontological studies were collected from 4 multi cores and 4 gravity

corers. 1 cm-thick slices were collected from the top 5 cm of the recovered sections. The slices were
halved, with one half was placed in a plastic bag for archiving purposes. The other half was placed in a
plastic cup and later stained using Rose Bengal. Stained samples were stored at +4°C for later labora-
tory analysis and archived samples were frozen.

3.7.7. eDNAsampling
Undisturbed surface sediments from each of the four multi cores used for benthic foraminifera

sampling were collected for future eDNA (environmental DNA) studies. With a sterilized plastic spoon,
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the relatively undisturbed surface sediments were scooped and placed in plastic vials pre-filled with
10ml of LifeGuard Soil Preservation Solution. The samples were then frozen for later laboratory anal-
ysis.

3.8. Oilslick observations and sampling
Oil slicks have been repeatedly observed in Hopendjupet and northern Spitsbergenbanken, on

SAR satellite images and visually during CAGE 21-4 and CAGE 21-6 research cruises. During CAGE 22-
6-HH research cruise we received oil detection reports by KSAT through collaboration with NPD. The
reports interpreted SAR images from the RADSAT-2 satellite, and were used to guide our sampling and
drifter deployment. Slicks and oil droplets reaching the sea surface were encountered during the cruise
at locations consistent with previous observations.

The working boat was used to sample sea surface oil slicks (Figure 9). The sampling was done
using a ETFE membrane which is optimal for sampling oil sheens from the water surface. The mem-
brane is subjected to an extensive solvent cleaning procedure to make sure it is not contaminated and
must therefore be handled with care. It is handled with plastic gloves and attached at the end of a
telescopic pole for sampling the water surface. The ETFE membrane encourages the oil to be drawn
from the water surface and coat the surface of the ETFE. It can be repeatedly exposed to the sheen to
build up the maximum amount of oil coat onto it. When the ETFE membrane has a good visual covering
of oil, it is placed into a sample bottle with the help of a wooden spatula.

Figure 9: Sampling oil slicks from the working boat using a ETFE membrane at station 1248 (Photos:
H. Patton).

3.9. Airsampling

CH4, CO2, CO and H20 are monitored in real-time on-board RV Helmer Hanssen using a Picarro
Cavity Ring Down spectrometer (CRDS), model G2401. The sample air is dried using a nafion drier to
minimise any water correction error in the instrument. A multiport valve on the instrument inlet ena-
bles simultaneous measurements in real-time and for discrete sampling (Figure 10). Working stand-
ards are calibrated against reference standards from NOAA-CMDL (CH4 scale NOAA2004). The cen-
tral inlet line for the system is connected to the top of the mast on RV Helmer Hanssen. Sample resi-
dence time in the sample line is about 10 secs.
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Figure 10: Equipment used for discrete air sampling via the inlet installed on the ship’s mast.

Air samples were collected in evacuated canisters. Sampling began with connecting the can-
ister with the pump-canister manifold (Figure 10). After the canister is connected, we opened the line
leading to the pump (shown closed on Figure 10), started the pump and flushed the manifold 10 times.
For collecting the sample, we closed the flushing valve and opened the canister needle valve. The can-
ister needle valve was closed as soon as the pressure within the manifold reached the maximum. After
the sample was taken, we turned off the pump, flushed the manifold, disconnected the canister, and
put the end cap on its top. Coordinates of air sampling stations were taken immediately after the can-
ister needle valve was open and the sample collection began. The canisters are sent to the laboratory
at NILU where they are analysed on a Medusa system, like the system at the Zeppelin station on Sval-
bard.

The canister air sampling was guided by outputs of the Flexpart model, which used meteoro-
logical forecasts to provide qualitative estimates of the gas plume from presumed submarine source
(Figure 11). Daily forecasts were provided by Ignacio Pisso at NILU via email. The air sampling is a part
of NFR funded project ReGAME. The objective of the air sampling was to document the most significant
gas release from the ocean to the atmosphere during the CAGE 22-6-HH research cruise. Such samples
may provide composition and isotopic characteristics of the petroleum-related thermogenic gas
source we documented at the seafloor level at Hopendjupet.
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Figure 11: Example of simulation of potential gas plume from submarine seepage from 11.08.22 00
UTCto 12.08.22 09 UTC. Air sampling in Hopendjupet was done on 11.08.2022 from 09.40 UTC to
18.15 UTC. Yellow colours indicate higher potential for increased concentration of gases from the
Hopendjupet submarine seep source.

3.10. Drifters
Although using satellite imagery does provide information regarding the presence and shape

of oil slicks at the ocean surface, their residence time, speed and dynamics are still unknown. Drifters
were deployed in Hopendjupet at the same location that oil slicks have often been observed to better
understand the physical processes acting on them. The deployment occurred around the same time
that a new SAR image was scheduled. Beyond improving our knowledge about the slick drift itself, this
experiment also intends to use the data for further evaluation of numerical model outputs and distinct
dispersion regimes faced by the drifter triplet throughout their trajectories.
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Differently from commercial devices, the drifters built for this experiment are open source,
low-cost and customizable (Figure 12). They were originally developed at the Norwegian Meteorolog-
ical Institute — Oslo and were already used in different expeditions, both in sea ice covered areas and
open waters. The drifters are composed by a 9 degrees-of-freedom sensor (9-dof, Adafruit ISM330
DHCX + LIS3MDL) which performs high-frequency (800 Hz) measurements of acceleration, angular
rates and magnetic field, hence providing the wave spectrum experienced by the device.

Geographical position is obtained using a general navigation satellite system (GNSS, SparkFun
Artemis Global Tracker) based on the Iridium LEO constellation. For this setup, considering sampling
rates of 30 min for the GNSS and wave spectrum every 2 hrs, it is expected an operational time of
around 4.5 months using two Lithium D-cells (SAFT LSH20) mounted in parallel. The sensors are as-
sembled inside a 12 cm x 12 cm x 9 cm acrylic box and sealed with silicon sealant to prevent water
infiltration. Each drifter was registered in the RockSeven server (www.rockblock.rock7.com,

$180/drifter) and all the data retrieved by Iridium can be easily and quickly accessed on the ship using
a bash script. The total cost for each drifter, considering the RockSeven monthly rental and credit pack-
age, is about $650, at least 10 times less than the cheapest commercial version.
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4. Study areas and data acquisition

In the CAGE 22-6-HH cruise we collected data in 4 general study areas: Storfjordrenna, Spit-
bergenbanken, Hopendjupet and Bjgrngyrenna (Figure 1). During the transits, multibeam water col-
umn and seafloor data and meteorological data were acquired continuously.

4.1. Storfjordrenna

The outer part of Storfjorden Trough (Storfjordrenna) accommodates a suite of gas hydrate
bearing mounds (Gas Hydrate Pingos) (Hong et al., 2017; Serov et al., 2017; Waage et al., 2019). Fo-
cused free gas release from the mounds has been repeatedly observed during CAGE cruises since 2015
(see CAGE 15-2 cruise report for details). The mounds are located at 360-390 m water depth close to
the termination of the gas hydrate stability zone. Video surveys (CAGE 15-2, CAGE 16-5, CAGE 18-5)
document abundant microbial mats, authigenic carbonate formations and gas ebullition from the sea-
floor. A seafloor observatory monitoring oceanographic parameters and methane seepage activity has
been deployed to gas hydrate pingo 1. One of the tasks for CAGE-22-6-HH cruise was to collect CTD
data and water samples for methane concentration analyses at the location of the observatory to com-
plement the continuous near-seafloor measurements with a water column profile (Figure 13).

Station CAGE22-6-HH-1198-GC aimed to sample a known pingo at the Storfjordrenna and to
collect gas hydrates for geochemical analyses. The retrieved 180 cm long core had pogonophora
worms in the top part. Drop stones and glaciocenic fine-grained fraction was present throughout the
core. Irregular shaped methanogenic carbonates (?) were also observed at various depths mostly in
the first section. The second section contained gas hydrates (massive, flame-shaped, lenticular, micro-
crystals). A very strong smell of H,S was present throughout the core.
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Figure 13: Stations in Storfjordrenna
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On the transit from Storfjordrenna Gas Hydrate Pingo Site to Spitsbergenbanken site we rep-
licated one of the stations from Boitsov et al. (2012) with a multi corer sample for biomarker analyses
(CAGE22-6-HH-1200-MC). New analyses may decipher the source of previously reported high hydro-
carbon content in bottom sediments could be related to natural oil seepage. Additional samples for
benthic foraminifera and microplastics analyses were taken from the same multi corer cast.

A storm in Hopendjupet forced the cruise to revisit the Spitsbergenbanken area on the evening
of Aug 11%. Long north-south multibeam transects were carried out south and west of Hopen Island

to better constrain the extent of flaring in this region. Numerous flares were observed in proximity to
Hopen (Figure 14; Figure 15). Two additional air samples were collected east of Hopen Island to docu-

ment potential contribution of hydrocarbon gases from outcropping hydrocarbon-bearing formations
of Hopen and Svalbard.
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Figure 14: Stations south and west of Hopen Island. Multibeam and water column data coverage was
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Figure 15: Flares observed in the shallow waters near Hopen Island.

Further, east-west oriented multibeam transects were acquired over Nordflaket, south of
Storfjordrenna (Figure 16). Additional shorter swaths were collected in concentrated areas of discov-
ered seepage, along with water and air samples.
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Figure 16: Stations over Nordflaket. Multibeam and water column data coverage was continuous.
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4.3.  Hopendjupet
The main focus of the expedition was given to Hopendjupet area which hosts one of the largest
fields of gas seeps documented across the Arctic shelves. Here three key sub-areas were visited: the
Hopendjupet Seepage Area, the Hopendjupet Pingo Field and western Sentralbanken (Figure 17). All
three areas have been visited previously, during cruises CAGE20-2, CAGE21-4, CAGE21-6, and in all
cases new further reconnaissance was undertaken to map seeps from water column data.
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Figure 17: Overview of the Hopendjupet study area and areas visited during the cruise.

4.3.1. Hopendjupet Seepage Area
Data acquisition within this area focused on the collection of new data (2D seismic, drifters),

supplementing existing datasets with new samples (e.g., sampling surface oil slicks), and repeat sta-
tions from previous cruises for identifying seasonal trends (e.g., singlebeam transects and CTD pro-
files). Three ‘drifters’ were deployed at three locations where slicks were observed on the sea surface.
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One coring station (CAGE22-6-HH-1247GC) was collected at a site where potential oil seepage
has been previously observed. The core was packed for archive after retrieval onboard. Ongoing seep-
age was confirmed by the presence of tube worms in the topmost sections and H,S smell detected at
the bottom of the core.

The ADCP was left to continuously record data in this area during the day shift of August 11t
while the EM302 system was switched off.

Transects for collecting air samples were acquired based on modelled methane-plume fore-
casts provided by NILU. The routes and their timing were planned based on the expected maximum
methane flux from the sea surface, finishing in an area upstream of the modelled emissions. The tran-
sects spanned c. 30 nm, with samples taken every c. 2 nm while sailing at a speed of 10 knots.

Seismic lines were acquired, targeting the top of the geological structure with minimum over-
burden where hydrocarbon seepage was observed (Figure 18).

(1246
o
1245

12445 1213 g
1247 = o 4 < g 75.20

Drifter
GC
MC
CTD
CTD (water)
25.20 Air Sampling

I + il Slick Sampling

— Seismic Line

-205m
-392m

om
-600 m

®* > F

75.00

30.20 31.00 32.60

Figure 18: Sampling stations and survey lines across the Hopendjupet Seepage Area. Insets show areas
of more intense sampling.

4.3.2. Hopendjupet Pingo Field
Initial reconnaissance with multibeam swaths beyond the area previously examined by CAGE

were made, to identify potential new seepage locations or additional pingos. Subsequent 2D seismic
lines were acquired based off this mapping, and on the predicted orientation/nature of the subsurface
geological structures (Figure 19).

Seeping sites with no seafloor expression were found based on flares observed on the water
column profiler, and were subsequently sampled at stations CAGE22-6-HH-1224-GC and 1225-GC. The
first station contained glaciogenic sediments with some fine-grained shale and sandstone tabular rock
fragments (up to 2 cm in size) suggesting the presence of possible altered subcrop at this locality. Also
potential authigenic carbonates were identified. Degassing blisters were observed throughout the core
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indicating ongoing gas seepage. The second core was packed for archive without splitting. Further to
the northeast, station CAGE22-6-HH-1227GC aimed to sample a depression (crater) in the centre of
the Hopendjupet Pingo Field. The core was packed directly for archive. Stations CAGE22-6-HH-1228GC
and 1229GC targeted two pingo sites identified on the bathymetry data. The first core returned com-
pletely empty. The second one recovered a 30 cm long section consisting largely of methanogenic
carbonates with irregular shape within soupy sediments consisting of silty clay and sandy admixture.
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Figure 19: Sampling locations and 2D seismic lines across the Hopendjupet Pingo Field

4.3.3. Sentralbanken High
Smaller anticline structures and subcropping source rocks identified across the Sentralbanken

High that have not previously been examined during CAGE cruises were targeted with multibeam tran-
sects. The distribution of flares was mapped using the water column data processed after the acquisi-
tion. These were then used to plan a 2D seismic line and to select sampling stations (Figure 21).
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Figure 20: Sampling stations and acoustic data collection over SW Sentralbanken, adjacent to the
Hopendjupet Pingo Field.

Stations CAGE22-6-HH-1233GC, 1234GC and 1235GC (Figure 20) sampled seepage sites im-
aged on the multibeam. All the cores retrieved similar sediments containing an upper part of hemi-
pelagic deposits overlying glaciogenic sediments that were capping very compacted potentially sub-
glacial sediments. All cores revealed some evidence indicative of ongoing gas seepage including pogo-
nophora worms and likely tabular shaped authigenic carbonates. In this area a reference core CAGE22-
6-HH-1237GC was also collected. Finally, a flare was targeted at station CAGE22-6-HH-1238GC that
retrieved units of glaciogenic sediments and with H,S smell detected in the lowermost 20 cm of the
core.

3.0°E 33.5°E 34.0°E
T
Sentralbanken west

— Seismic
Multibeam

| 754N
-265m  -144m

BaNp

=75.2°N

75.2°N-

—34.0°E

1 1
33.0°E 33.5°E

Figure 21: Seismic and multibeam surveying over the western Sentralbanken region, east of and adja-
cent to the Hopendjupet Seepage Area.
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4.4.  Bjgrngyrenna
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Figure 22: Sampling stations and multibeam surveys in Bjgrngyrenna.

4.4.1. Gardarbanken
A small multibeam survey was carried out over Gardarbanken, on the northern flank of
Bjgrngyrenna, with several flares identified on water column data (Figure 22).

4.4.2. Svalis Dome
The summit of the Svalis salt dome is expressed on the present seafloor within Bjgrngyrenna

as three distinctive topographic rises, up to 70 m high, lying just below the present-day hydrate stabil-
ity zone. The dome has experienced glacial erosion by streaming ice, producing its unique structure
visible today (Figure 22). A comprehensive multibeam survey was collected over Svalis Dome and the
surrounding area to examine the potential seafloor leakage of hydrocarbons resulting from the sub-
surface deformation imposed by this salt extrusion. No flaring activity was found.

4.4.3. Transit over exploration wells
Following observations during the CAGE20-2 cruise where c. 50% of the exploration wells sur-

veyed in the southern Barents Sea were seeping gas, a survey was planned during the transit towards
Tromsg to pass over 78 wells (Figure 23). 25 were found to be leaking. In addition, 8 CTDs with water
samples were collected during this transit (Figure 22).

Three drifters were deployed at regular contour intervals leading out of Bjgrngyrenna to track
variations in drift patterns at varying water depths. CTD stations without water sampling accompanied
the drifter deployments.

26



CAGE_22-6 cruise report

18°E 20°E
T )

CAGE_22-6

| — Cruise track
- Flares
;‘ Wells:

@ Flaring (25)
I { © No flaring (53)
< Unsurveyed (97)
9
-600 m 0Om

74°N 74°N

74°N 74°N

73°N 73°N

]
72°N 72°N

71°N | = 71°N

20°F N T 22°F 24°F

Figure 23: Flaring activity associated with natural seeps and exploration wells in Bjgrngyrenna and
Tromsdflaket. Well locations are from NPD.no.
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4.4.4. Fuglgybanken
A final reconnaissance for flaring activity was taken over the western edge of Fuglgybanken bank
(south of Haakjerringdjupet Trough) (Figure 24). No flaring activity was observed here.
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Figure 24: Short multibeam/water column survey on western Fuglgybanken en route to Tromsg.
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5. Teaching and outreach activities

The GEO-3144 and GEO-8144 “Arctic marine geology and geophysics cruise” course for master and
PhD students comprised a central component of the CAGE 22-6-HH cruise. During the cruise, the stu-
dents were taught methods, and were involved, in geophysical data acquisition (MBES, CTD, 2D seis-
mic), water sampling with CTD, and sediment sampling with the gravity corer and multicorer. They
were also acquainted with data processing and visualization techniques, getting hands-on experience
with software including Fledermaus, OLEX, and QPS FMMidwater and QGIS. During the evenings, the
science party attended 16 talks (Table 3), which included topics from the senior staff and from each of
the students on their research topics. Following the talks, a short period for questions and discussion
was included.

During the cruise students worked on their written course assignment —a student cruise report
—which includes scientific objectives and rationale of the cruise, geological settings of the study areas,
brief description of methods, and tentative interpretations of the data. Students were encouraged to
discuss with the senior scientific staff and with other students throughout the cruise. The student re-
ports were largely completed by the end of the cruise. Each student also contributed to this cruise
report with a station map for an assigned area.

Table 3: Talks during the CAGE 22-6-HH cruise

02.08.22 | Pavel Serov “Objectives and study areas of CAGE 22-6-HH cruise”
05.08.22 | Rune Mattingsdal “Geological insights driving fluid flow in Hopendjupet and the wider

Barents Sea”

05.08.22 | Adriano Mazzini “Overview of the main discoveries during the TTR programme”

06.08.22 | Henry Patton “Ice sheet glaciation in the Barents Sea and Hopendjupet”

07.08.22 | Grace Shephard “Ending rainbows but keeping the pots of gold”
08.08.22 | Pavel Serov and Rune Mattingsdal “Best moments of CAGE 21-6 ROV video”
10.08.22 | Rune Mattingsdal “Geological settings of Hopendjupet Pingo Site”

10.08.22 | Student presentation. Victor “Ocean Dynamics and Uncertainties”

11.08.22 | Student presentation. Giulia Alessandrini “Potential instability of gas hydrates along the
Chilean Margin due to Ocean warming”

12.08.22 | Student presentation. Juan Camilo Meza Cala “Continental extension and breakup evo-
lution in the NE Atlantic and Arctic margins”

13.08.22 | Student presentation. Villads Dyrved Holm “Tales from the deep”

14.08.22 | Student presentation. Paula Luerssen “Anchor marks in Strande Bay”

15.08.22 | Grace Shephard. “Introduction to GPlates — tectonics and quick maps”

15.08.22 | Rune Mattingsdal “Multibeam survey towards Tromsg”
17.08.22 | Adriano Mazzini “The Lusi eruption and the ERC-LUSILAB project”
18.08.22 | Frances Cooke “Seismic processing”

2 blog reports were written during the cruise including for the CAGE and CEED websites:
e https://cage.uit.n0/2022/09/02/whats-lurking-on-top-of-the-below/
e https://www.mn.uio.no/ceed/english/about/blog/2022/bathymetry-and-bubbles-in-
the-barents.html
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6. Cruise narrative

Date

02.08.22
03.08.22

03.08.22
04.08.22

04.08.22

04.08.22

04.08.22

04.08.22

05.08.22
05.08.22

05.08.22

06.08.22

06.08.22

07.08.22

07.08.22

07.08.22

08.08.22

08.08.22

08.02.22

09.08.22

09.08.22

10.08.22
10.08.22

10.08.22

Time

(UTC)
18.00
10.00

00.30

04.20
17.30
06:30

09:30
18.30

21.20
22.13
12:30
22:00-
06:00
08:00
22:48
05:50

17:30

22:05

12:30
19:44

02:00
07:15

23:30

Departure from Longyearbyen

Arrive Storfjordrenna Gas Hydrate Pingo Site. Collect CTD at the K-lander loca-
tion and gas hydrate samples with a gravity core

Begin transit line to the inner Storfjordrenna

Collect multicorer for biomarker analyses, Villads’ master thesis project and
microplastics analyses

Begin transit to Hopendjupet. Transit line deviates to cover possible fluid flow
sites based on seismic data

Observed possible oil slick. Sample the slick from the small boat. Continue the
transit to Hopendjupet.

Collect CTD at the oil slick location from SAR images and search for visible
slicks. Poor visibility.

Deployed 2D seismic. Start the survey consisting of 7 lines. Estimated dura-
tion: 40 hours

Observed oil droplets & slicks above southern seep site

Observed oil droplets above the northern oil seep site. Continuous slick is not
observed.

Oil droplets repeatedly observed at the northern oil seep site. Continuous
slick is not observed. Wind speed 6.6 m/s, waves ca. 1m

Oil slick and oil droplets observed at the location of the central emission
point. The slick is patchy, the patches have brownish and rainbow colors.

Air guns were brought on deck for inspection after line 14 — the metal frame
needed rewelding. Guns back in the water at 14:10.

Collected 2 multicorers, 3 CTD stations (1 with water), deployed 3 drifters at
the main slicks in Hopendjupet.

Begin multibeam survey at Sentralbanken High east of Hopendjupet

2D seismic line at Sentralbanken High crossing newly mapped gas flares
Multibeam line to map beaded esker, fault zone north of the main Hopendju-
pet survey area, and the tunnel valley heading SW. The line finishes at
Hopendupet Pingo Site.

Multibeam survey to search for new gas hydrate pingos. At least one new po-
tential pingo found.

2D seismic survey across the fault zone and Hopendjupet gas hydrate pingo
site. Test different acquisition settings: 2 guns; 5 sec shot interval and 1 gun, 4
sec shot interval

Stopped the 2d survey over the Hopendjupet pingo field and began gravity
coring/water sampling

Began multibeam survey to map the extend of the Hopendjupet gas hydrate
pingo field

2D seismic survey east of the Hopendjupet pingo field.

2D equipment brought in to investigate leakage. Found on tow cable. Contin-
uation of 2D seismic acquisition seems unlikely during the remainder of the
cruise. Switched to multibeam mapping of flare distributions and gravity cor-
ing around structures near the Hopendjupet pingo field.

Began gravity coring along seismic line 17.
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Multibeam survey along possible meltwater channel on the way to Hopendju-
pet oil and gas seepage area

Returned to Hopendjupet main gas and oil leaking area for air sampling, CTD
and water sampling and single-beam echosounder lines acquisition

Began transit toward Hopen Island

Started acquiring multibeam data in S-N orientation crossing transit lines of
CAGE 18-1 and CAGE 19-2 cruises

Began transit to Nordflaket and a series of east-west multibeam lines
Identified prominent seepage area at Nordflaket. Began dense grid survey to
outline the seep cluster. Collected a CTD and air sample in the middle of the
seep cluster.

Continue with widely spaced east-west multibeam lines on Nordflaket
Began multibeam survey at Gardbanken

Began transiting over exploration wells in a general south/westerly direction.
Began a CTD/water sampling survey around the Maud Basin

Began a multibeam survey over the Svalis Dome

Continue transiting over exploration wells in a general SW direction
Conducted three CTD stations and deployed three drifter

Continue transiting over exploration wells in a general SW direction

Finish surveying over Fuglgybanken and begin transit to Tromsg

Arrive in Tromsg
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8. Line log
Time Lat. [N] Time Lat. [N] Pulse Shot Ship
Location Line ID Date (UTC) Long. [E] (UTC) Long. [E] mode Rate || Speed Comments
START START STOP STOP (HZ) || (kn)
sororsema | M | ayos | oy | et | I8 | o0 0
Storfjordrenna CA%EZ;I'S;'H' 03/08 | 13:37 Zg:g:jgé: 14:36 Zg:g;;ggg: 10
Storfjordrenna CA%?;;;"H' 03/08 | 14:37 Zg:g;:ggg: 20:42 Zg:;i:gig: 10
Storfjordrenna CA%EZ’S;'H' 03/08 | 20:46 ;g;gig: 21:48 Zgég;é; 10
sororsema | FTEET [ ayos | qzaa | 26| 0L | Teasse 0
Storfjordrenna CA%EZ,'\%HH' 04/08 | 03:04 ;gi;;‘g? 06:38 Zg:gi:ggg: 10
Storfjordrenna CA%E%;:H' 04/08 | 07:20 Zg:gg:ggg: 17:14 ;i;égzi 10
Seisimic line 001, wind speed 4, wind direction 290, 2 guns 30/30 and
Hopendjupet | QI | owos | 2uss | U0 | 013 | Diagaso G000 | 4| o 1013, dead channels: 15.46,3547.95, ntoy crarnel 3.
Multibeam on as well
Hopendjupet CAGOEOZQZ_'ZGE;HH' 05/08 | 02:25 ;i:ég:igg: 06:22 ;iﬁ:ig 4000 4 Line 002 Channels 49, 69 spiky
Hopendjupet CAGOEIZOZ_'ZGE;HH' 05/08 | 07:38 ;i:é;:ggg: 13:09 ;322;:? 4000 4 Line 003 - recorded transit
Hopendjupet CAGOElzlz_'ZGl;HH' 05/08 | 14:43 ;ig;ggg 19:21 ;i:;i:?gg: 4000 4 Line 004
Hopendjupet CAGOEIZZZ_'ZGE;HH' 05/08 | 19:24 ;i:iéﬁzg: 23:49 ;ig;;?g 4000 4 Line005
Hopendjupet CAGOElzsz_'Zsl;HH' 06/08 | 00:33 ;ig;ggg 04:48 ;gg(‘;gg 4000 4 Line 006
Hopendjupet CAGOE1242_’26[;HH' 06/08 | 06:02 ;i;??ig 12:16 ;ig;gig 4000 4 :Q:ee ct)c?zl;: gir;gffous::sthl:ﬁ f;;;r;; i?:jsr:(;i;r;tﬂcj;;zeej %320._: r::, tﬁgg
bird height changed to 3m 08:19.
Hopendjupet | AU osi0s | 1as | Z8o | 2093 | Sorasre 000 | 4| oNport ot 1910 omes e, renstaled ot 21145 Tromss tme
Hopendjupet CA(;EZG%;_BHH_ 06/08 | 20:51 ;g:g;‘gi; 23:23 ;i:;isgg: line follows beaded esker and a channel
Sentralbanken CA%EIZ;I'S;'H' 07/08 | 05:17 ;iié;ig 08:49 ;gigg;g end MB223
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Sentralbanken CA%EZ,_S_BHH_ 07/08 | 08:55 ;g:}égzs: 09:45 ;g:is;zg: MB 225-226
sentralbanken CA%Elzgi'\ﬁ:H' 07/08 | 09:50 ;213;2: 10:36 ;;’Eﬁé MB 228-229
Sentralbanken CA%EZ,_S_BHH_ 07/08 | 10:40 ;g:}‘iggg: 11:21 ;g:;i;gg: MB 231-232
Sentralbanken CA%’?&'&““' 07/08 | 11:26 ;;;g;gi 11:59 ;g’:g:gig: 10

Sentralbanken CA%EZZ%I_S_BHH_ 07/08 | 12:04 ;g:}ég;g: 12:43 g:;g:ig: 10

Sentralbanken CA%';Z;;;'H' 07/08 | 12:47 ;;;iggi 13:22 ;g’:ﬁ:ggi 10

Sentralbanken CA((;JEZ%I_\E_BHH_ 07/08 | 13:28 ;g:}‘ggg: 14:19 ;gzigggg: 10

Sentralbanken CA%EZZS%;:H' 07/08 | 14:24 ;gg;gi 15:05 ;g}ég;‘ 10

Sentralbanken CA(;EZG%,_&BHH_ 07/08 | 15:11 ;g:ﬂ:zg: 15:43 ;g:;zgig: 10

Sentralbanken CA(;E;%";:H' 07/08 | 15:43 ;gzgig 15:55 ;3:12:2;3 10

Sentralbanken CA(;E?,_&BHH_ 07/08 | 15:56 ;g:izigg: 16:14 ;gzéggg;: 10

Sentralbanken CA%EZZ"\?:H' 07/08 | 16:16 ;g:igé‘;g: 17:41 ;g’:gi:ggg: 10

Sentralbanken CA(;EE%,_&BHH_ 07/08 | 17:50 ;g:g;gi:: 18:16 g:;;ggg: 10

Sentralbanken CA%gzlﬁéHH' 07/08 | 18:16 ;g;zgg 18:30 ;3:1;::22: 10

Sentralbanken CA(;EZ;'—;—BHH— 07/08 18:33 ;2:22;‘22: 19:33 ;3:;22;: 10

Sentralbanken CA%E?,'\%HH' 07/08 | 19:37 ;g:é;:g;g: 22:00 ;325%2 10

Sentralbanken CAGOE3242_—26E—)HH- 07/08 | 22:48 ;2:2‘6‘2;‘6‘: Sf::zf’y ;3:;3228: 4 Line009 wind 10, wind dir 15, back to using 2 guns, 5 secs shot interval
Hopendiuper | AT | osjos | osas | P00 | ora7 | D ey 10

Hopendjupet | AT ozjos | o730 | RIS | 0757 | Doarous

Hopendiupet | ATTTIENT | osjos | oso2 | BUINE | oos | DU cee 10

Hopendjupet | AT ogjos | 0018 | OO0 | 1018 | Hieioan 10

Hopendiupet | ATETIENT [ osjos | 101 | TEITNL | 120 | Doaaar
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Hopendjupet CA%%%,'S:H' 08/08 | 13:28 ;gé:;gg 17:30 ;g:gi:ggg

opendiuper | CRCERZER | oo o T asan | T s e 10

Hopendjupet CA%E‘Z;I'\%HH' 08/08 | 19:12 ;g;gigg 20:26 ;g:gi:iig: 10

Hopendjupet CAGOE4232_—26E—)HH— 08/08 | 22:05 ;g:gzg:g Sf:dZZy ;g:iiigg: 4 Line 10, 2 guns, 5 second shot interval

Hopendjupet CAG0E4242__26[;HH_ 09/08 | 01:00 ;g:gzggg: 02:51 ;g:igi;g: 4.5 Line 11, 1 gun, 4 second shot interval, birds at 2.5m, wind speed 8
Hopendjupet CAGOE4252_—26E—)HH— 09/08 | 03:06 ;g:gg;ig: 04:42 ;g:zgiﬁ: 45 Linel2,1 gun, 4 second shot interval, birds at 2.5m, wind speed 8
Hopendjupet CAG0E4262_—26[—)HH— 09/08 | 00:00 ;g:g?g:é: 07:05 3323(2)411(5)(2): 4.5 Line 13, 2 guns, 5 second shot interval

Hopendjupet CAGOE4272_—26E—)HH— 09/08 | 07:12 ;g:g;;;i: 09:01 ;g:;;izg: 45 Line 14, 2 guns, 5 second shot interval, restarted multibeam at end of line
Hopendjupet CAGOE4282_—26[—)HH— 09/08 | 09:10 Zg:zgigi: 10:44 Zg:ggzig: 4.5 Line 15, 1 gun, 4 second interval, 170 pressure, birds at 2.5m, wind 8.3
Hopendjupet CAGOE4292_—26E—)HH— 09/08 10:54 ;g:ggggg: 12:24 ;g::;igg: 4.5 Line 16, 5s interval, 2 guns, 170 pressure, birds at 2.5m, wind 5.7
Hopendjupet CA%EE%I'\%HH' 09/08 | 12:53 333331232: 13:22 Zg:ggigg:

Hopendjupet CA%ES?I'\;;HH' 09/08 | 16:00 ;g:gg:g:g: 17:15 ;3‘1‘2223

Hopendjupet CA%EZ;I'\%HH' 09/08 | 19:43 ;g:i%g 21:12 ;ggiggg end MB 374

Hopendjupet CA%E?,'S:H' 09/08 | 21:14 ;g;gii 22:08 ;g:gi:;ig: end MB 377

Hopendjupet CA%E;‘%;:H' 09/08 | 22:13 ;g:gi:;;g: 23:04 ;g:::g;g:

ot | P | g | o | 1000 | 0| e

opendiuper | CRCEZZER | oo o T aaasoT [, T Tas060

Hopendjupet CAG0E5272_—26[—)HH— 10/08 02:16 ;i:gii;g: 06:55 ;lll:i:ggz: Line 17, 5s interval, 2 gusrlls:;iznoerr)izf(l;;zbirds at 2.5m, wind 5.7.
Hopendjupet CA%E;;;"H' 10/08 | 07:28 ;‘l‘zz‘;:gii: 08:16 ;i:gg:gsg: 10

Hopendjupet CA%EZI'\%HH' 10/08 | 08:19 ;i:g‘g:ggg: 08:40 ;i:gg;i 10

Hopendjupet CA%ZE%;[;HH' 10/08 | 08:43 ;izgz;g 09:04 ;‘1“;222 10

Hopendjupet CA%ZZI%I'\%HH' 10/08 | 09:07 ;ig;;;é 09:34 ;iz;zg
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vopenduper | NG g | 10008 | 037 | Sy | 1005 | Disyiey

Hopendupet | 0| 10008 | 1009 | Ty | 1038 | i

ropenduper | Nocg | 10008 | 1041 | isiag | 110 | Sisiseg

ropendiupet | 0| 10008 | 1134 | Siscog | 192 | i

ropendiuper | NOTg | w0ios | a1 | e | 1230 | SistSsy

ropendjuper | 0T | 10008 | 3533 | S0 | 1627 | oris

ropendiuper | NOg | 10008 | 3628 | Siogage | 1796 | Siisgano

vopenduper | NG| 10008 | 1708 | Sisoday | 1748 | Syroreno

ropendiuper | NG| 10008 | 172 | gy | 1931 | Sisgleg °
vopenduper | NGV | 10008 | 1835 | Dot | 1995 | Siicen °
ropendiuper | NG| 10008 | 1907 | 1o | 1932 | Sisgery °
vopenduper | NG T | 10008 | 1934 | Siisgosn | 2030 | Siogian 0
ropendiuper | NG| 10i08 | 2020 | 1ol | 2057 | Doy o5
vopenduper | NG S | woios | 200 | gty | 2135 | Ssiny 05
Hopendupet | G| 10008 | 21 | ooy | 292 | oty 05
vopenduper | NG | 10008 | 2220 | Siiggce | 2255 | Siiperae

Hopendupet | 0| 1108 | 04 | Sigisy | 062 | rony 10
ropendiuper | NS | s | oman | Sk | o727 | Hogian B oo e
ropendiupet | gog | 1108 | 07 | Dogooe | 755 | Sy lll B
ropendiuper | AT | awos | amss | TS | 9835 | Hrosoon il
ropendjuper | 0" | 108 | 0827 | Doty | 0896 | s lll B
ropendiuper | Ao | awios | omsa | 5oty | 0930 | Hrosses il
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Hopendjupet CAGOE;i-SGB—HH— 11/08 | 09:24 ;ggzgg:' 10:04 ;;83222‘ 38 15 1.5 knots over the central portion
Hopendiupet | T | 11/08 | 1530 | Iiicae | 1636 | Drpnsey 10

e e A R e R "

Hopendiupet CA(;I;Z;;\?—BHH— 1108 | 1815 ;i:ig:?;g ffij:y ;i:‘;g:gég: 10 MB498 and on is tried with acquiring MB-data at 1 Hz.
o il E e R B :

o || PR s | won | 5| e | e :

Hopen CA((EJZZ,—S—BHH— 12/08 08:30 ;Z:;g;gg: 10:46 ;Z:g;i;g: Swtich back to mb trigger midway on line 502
0

o | P e 150 | 10028 | ar | ooz 0

Hopen CA(;EgZ;'-\i—BHH— 12/08 | 21:00 ;2:‘3‘1;22: Sf:dl;y ;;::giig: 10 took a detour in the middle of the line
o | PO s | qaar | 15000 | ons | 18 0

oo | PSR s | so1s | 1SR | o | LIS

oven | Moggaag | 19/08 | 105 | 3505000 | 1578 | e

Hopen CA%Z;%I_S_BHH_ 13/08 16:53 ;g:ziggi: i)lzzjgly Izziigzz:

Norafaker | AT | 14/08 | 0326 | JGIC0i0 | 0601 | iovcer 10

Nortaket | MGV | 1908 | 0812 | iigloy | 0840 | Georrsy 0

Noraiaket | Ao | 14/08 | 0842 | o oog | 9998 | ernyoou 10

Nordtaket | ST | 1908 | 0913 | foodone | 1220 | Tgrgoe 0

Norafaker | MO | 14108 | 1227 | etcon | 1324 | 1ryeon

Nortaket | Mg | 1908 | 1324 | DS | 152 | Geess e
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votaker | Pogs | 1908 | 152 | Topty | 1955 | Trovses

Mokt | M| 14008 | 1608 | Dyusg | 193 | tesoose

votaker | Pogis | 1908 | 1939 | Tooooe | 793 | Troyeen

Noetker | Pognag | 1408 | 1799 | Dplew | 72 | Ggsosen

Notaker | “Siowe | 14198 | 1736 | Tosion | 75 | 1yaasno

Noaker | TN | 19098 | 1757 | Dot | 1920 | resosor

o | O | 1y | gz | 170 | g | e

Notaker | igwe | 14008 | 1991 | foie | 9% | 17oiger

votaker | e | 1908 | 1932 | Dgyoon | 1999 | lgsoom

Notaker | Sigwe | 14198 | 1956 | {oanae | 292 | 17onaso

Noaker | 5 we | 4198 | 2097 | Toglon | 2098 | tgsgags

Nordflaket CA(ﬁé%,j_BHH_ 14/08 | 22:35 Z::}éggg: Sf:::y Zgzggsii:

votaker | Pighs | 1908 | 0124 | Togane | 12 | lws0r

Notaker | oo | 1908 | 037 | Tooaaig | %% | ryser

Notaker | e | 1908 | 0531 | Dosioe | %00 | Trigut

Notaker | s | 1908 | 0904 | Doipgy | 032 | lgasre

Spi;:tr)]i;g:n— CA(EZ;,—S—BHH— 15/08 | 07:46 ZZ:SZ;Z:: 08:19 I::ggggg: 10 New EM302 survey CAGE_22-6-HH_2
e | R |y | s | 0 | o | :
Pt | R e | oo || e | D :
ol el B A e

e | e [ | wan | | e | o
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e | P | e | B | e | GO

g
Gardarvarken | ATFI | 1s/08 | 191 | Decadie | 2942 | Jade 10
Gardarbanken CA(ingl'jéHH' 15/08 | 20:46 Z:g:ig 21:38 ;3;;233 10
Gardarbanken CA(1E322%,—\§—BHH— 15/08 | 21:42 ;;:;g;;;: 22:35 ;;‘:;2(7);? 10
Gardarbanken CA(EZ;"\%HH' 15/08 | 22:42 Z:Z;g:g;g 23:30 ;g:;g:gzz 10
Gardarbanken CA(iE;fl_\i_BHH_ 15/08 | 23:35 ;;:;2;2;: 00:32 ;gzgii;‘: 10
Gardarbanken CA(EZ;;;_BHH_ 16/08 | 00:47 ;::ggg:: 01:55 ;gzgiggg: 10
Gardarbanken CA(EZG%,—S—BHH— 16/08 | 01:55 Zgggig: 05:47 Zzigggg 7 slowed down due to storm
e R A :
Bjgrngyrenna CA(iié%,j_BHH_ 16/08 | 07:02 Zz:ii;:g: 08:11 Zzzggig:: 6
:
Bjgrngyrenna CA(iiE%,j_BHH_ 16/08 | 10:56 Zg:g;:;g: 11:20 Zz:ggiig: 10
sjormoyrenns | “G0a | 16008 | 1397 | ovtio | 5% | saves

siormoyrenna | AGE | 16008 | 1624 | iotion | 1930 | Jamvass ’
siormoyrenna | AT | 16008 | 1707 | Doiiee | U8 | Gessess i
spomayrenna | G0 e | 10008 | 1830 | e | 1932 | Sampar 10
sjoroyeenns | GRS | o0 | 2125 | 10000 | 235 | sens i
spomayrenna | TG | 10008 | 2257 | tdh | 342 | i 10
Svalis Dome CA(iiZS%'—;—BHH- 16/08 | 23:45 Zz:;ggg: i);):dZ:y Z:;;g;;

swats dome | S | /08 | 0027 | T g | 040 | Disas
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swalispome | A9 | wi0s | onas | JLRT | 0293 | ress 10
salispome | AT | 1708 | o209 | 00 | 250 | Taerse 10
swalispome | AT | wi0s | 0307 | Tiaen | %49 | aroe 10
Svalis Dome CA(iESZ;I'\;;HH' 17/08 | 04:10 gﬂé‘;g 05:09 335228 10
swatsoome | PTRT" | 1708 | 0515 | om0 | %520 | rgarn 10
Svalis Dome CA(iESZS%I'\;;HH' 17/08 | 06:25 g:ég:igg: 07:35 ;3:22:2;? 10
salsvome | PIRTT | wri0s | orar | P eso | 47 | yopcor 10
Sals Dome CA(;ESZ;'—\E—BHH— 17/08 | 08:54 ;:égg% 10:10 ;gggg;i 10 Ran BIST on EM203 after end of line
salsvome | PIRT" | 1708 | 1030 | e | 192 | 1rosgsy 10
Svalis Dome CA(EZ;"\?:H' 17/08 | 11:48 ;:égg;i 13:07 Zgg;ggg 10
satsoome | PGRT" | wros | 333 | P60 | 13 | Jesasy 10
Svalis Dome CAﬁEGZfI'\;;HH' 17/08 | 14:39 ;::ég:ggi: 15:47 ;g:gg:;ig: 10
satsoome | PG | wmos | 1552 | oter | T | Jroscee 10
sjomayemna | AR | wziom | s | NS5 | 210 | e

sjomoyema | AGEIEN | azios | 2223 | RIAN | 2305 | oo

sjornayrenna | AT | azi0s | 2300 | THEEE | iy | Jvopses

sjomoyrema | AGEEET | g/08 | 0030 | OIS | 0255 | o e

sjormoyrenna | GRS | w08 | 0323 | TL0an | 0454 | movoss

sjormayrena | RN | 108 | owss | POVISe | 1998 | oty

sjoroyrenna | GG | 18/08 | 1009 | Tiboee | 130 | oasose g
sjormayrenna | T w08 | 1227 | LS00 | 1324 | Sosanen

sjormoyrenna | TRV | 18008 | 1326 | 1020300 | B9 | onrss
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Bjgrngyrenna CA(;?;,_S_BHH_ 18/08 | 14:17 ;é:gg;ig: 15:43 ;5:332;8:
spomayrenna | 3 | 1808 | 1545 | Jodates | 193¢ | Sora00
spomayrenna | G | 18108 | 1617 | 30o0se0 | V2 | payee
sppmeyrenna | A0 | 1908 | 1723 | 1000 | 7St | Soraona
siomayrenna | S | 18108 | 1752 | j0itay | 1892 | 0w
sppmoyrenna | A0 | 19/08 | 1804 | Jocodi | 1938 | Joses
siomayrenna | G e | 19108 | 1838 | 20075 | 199 | fosaes
siomayrenna | S | 18108 | 1907 | CSeie | 1940 | Josagay
siomayrenna | e | 18108 | 1940 | Joshsin | 1950 | oo
siomayrenna | G| 18108 | 1950 | 105030 | 2% | 00e °
siomayrenna | e | 19198 | 2092 | 30050 | 9090 | fosoey °
siomayrenna | MG | 18008 | 2105 | oo | 292 | 6016y °
somayrenna | G | 19198 | 232 | 20005 | 29 | 00aso 10
Bjgrngyrenna CA(;ZZ,_S_BHH_ 18/08 | 22:41 ;(2):82228: 23:38 ;ézg;gzg: 10
spomayrenna | G0 | 1908 | 2342 | Jopiio | 358 | Soaaeae 10
Bjgrngyrenna CA(;Z?,_S_BHH_ 19/08 | 00:02 ;(2):2;;::: 00:21 ;ézgig;i: 10
siormoyrenna | MG | 19708 | 0024 | oot | 903 | Joaoser 10
siomayrenna | G5 | 19/08 | 0044 | Jo2ormy | 0413 | a0a0a 10
Bjgrngyrenna CA?EE%;\?_BHH_ 19/08 | 01:14 Zé:ig;ig: 01:42 Zé:i;gé;: 10
siomayrenna | MG | 19/08 | 0149 | Jooiase | 9216 | praeo 10
Bjgrngyrenna CA(EZ;;\?_BHH_ 19/08 | 02:18 Zé:i:;gg: 02:52 Zé:ggjg 10
spomayrenna | G | 19/08 | 025 | 30105y | 314 | e 10
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somayrerna | “Sola | 19098 | 0335 | Joiss | %49 | Sousy 0
somayrerna | “ous | 19098 | 0410 | Joeley | 099 | Srgray 10
somoyrerna | “Sora | 19098 | 0451 | Jioeser | 0537 | Soug s 0
somsyrema | M| 19008 | 0537 | Joiesie | 9520 | Jonrey 0
sornayrenna | Modi | 1908 | 0672 | Jo3d0y | 78 | Srarsrs 0
somsyrems | | 19008 | 0734 | Josiiow | 0742 | S5 0
Bjgrngyrenna CA(;EJ?J%I_\E_BHH_ 19/08 | 07:44 ;(1)253;8:: 08:34 ;é:égg;g: 10
somoyrerna | S ws | 19/9% | 9835 | Jogoig | 055U | So1ray 0
sornayrenna | M e | 1908 | 0852 | 100t | 9920 | Soagacs 0
somoyrerna | S Tws | 19798 | 0926 | Sy | 092 | Sy 0
sornayrenna | N | 19008 | 0943 | Dot | 1005 | Jogen 0
somoyrerna | “Sowg | 19/98 | 1008 | Joosch | 1025 | Soors 0
sornayrenna | Mg | 1908 | 1025 | Joitay | 1941 | Sy 0
somayrerna | S e | 19098 | 1042 | Jogig | 159 | lgurony 0
somayerna | o | 19098 | 1157 | ouigy | 395 | lguger 10
somoverna | “Sogws | 19798 | 1338 | ouglos | 158 | lgnse 0
somayrerna | 5 ws | 19098 | 1459 | ol | 1655 | Jssa 10
sornayrenna | A0 | 19008 | 1657 | 150 0 | 1938 | Dy 10
somsyema | G T | 19008 | 1956 | o310 | 2038 | 0ens 0
sornayrenna | N5 S| 19008 | 2097 | D500y | 2038 | Doty 0
somsyema | G T | 19008 | 2038 | DOICS | 2059 | roc 0
sormayrenna | N5 S | 2ov0a | av0s | DS000 | 22 | Daiee 0
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. CAGE22-6-HH- ) 70°23.912' ) 70°23.918'

Bjgrngyrenna 216-MB 19/08 21:28 17°21.690" 21:46 17°30.849" 10
. CAGE22-6-HH- . 70°24.097' . 70°24.117'

Bjgrngyrenna 217-MB 19/08 | 21:49 17°29.647" 22:08 17°20.111" 10
. CAGE22-6-HH- ) 70°24.360' ) 70°24.088'

Bjgrngyrenna 218-MB 19/08 22:12 17°20.180' 22:35 17°31.688' 10
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9. Sample log
. Water
Location Station Id Date (TJ:S Lat. [N[]E] Long. Depth Notes
[m]
Storfjordrenna CAflzzéf_l:gH- 03/08 10:04 Z::ggiii: 379 6nm south of pingos
Storfjordrenna CAflzzf_fT'g H- 03/08 11:33 ig:g?:gig: 385
Storfjordrenna CA?E;;:Z’SH' 03/08 13:04 Zg:gg:g;‘:; 380 ovti:sseEoF;I :gfehl-\:%?:te: "
sample to freezer.
Storfjordrenna CASZESS_'&? H- 03/08 22:15 ;g:ég::ig: 346
Storfjordrenna CAszOZZZ_gI'; H- 04/08 06:56 Zg:gi:zgi: 110
Hopendjupet CAszOZ;_fT'g H- 04/08 17:32 ;i;;gg; 341
Hopendiupet | DTN | oos | 2331 | TSl | 8 | sror drer deployement
Hopendjupet C?Sf;égrm" 07/08 00:14 ;i;gi; 338
Hopendjupet CAszlzj_"a?H' 07/08 01:33 ;i}:‘;g 329 faii?pr::;z;ab:en;:f 1
corein coollng room
Hopendjupet CAEZEIZSZ_'CGT'S H- 07/08 01:50 ;iii;g; 328
Hopendjupet C?stzsgr;l:' 07/08 02:11 ;iiii?: 328
Samples for benthic
Hopendjupet CAszlzg_'fA"C"H' 07/08 03:47 ;i:ﬁg;i: 333 facl:g';’lahsi?cif?f;zeeia28:;l-
’ for MAREANO, frozen
samples for biomarkers
Hopendjupet CAsz1272_fT'g H- 07/08 04:47 ;igiég 329
Hopendjupet C?Sf?;grm" 07/08 05:05 ;iggg 329
Hopendjupet CAszzzlz_fT'g H- 08/08 17:32 Zg:gizgg 361
Hopendjupet CA?ggizggH' 09/08 13:55 Zgig;gz 359
Hopendjupet CA?;;?:ZSH- 09/08 14:52 Zg:gg;:; 359 no hydrate in either cores
Hopendjupet CAszzzsz_f_l:g H- 09/08 15:17 ;g:gz;ég: 359
Hopendjupet CA?E%:Z'SH' 09/08 17:32 ;g‘l‘gzg; 369
Hopendjupet CA?;;S:Z’SH' 09/08 18:01 2332:22‘1‘: 363
Hopendjupet CA?E;;:Z'CHH' 09/08 18:27 ggiggg 362
Hopendjupet CA?;;;:ZS H- 10/08 13:08 ;i:ggﬁi:
Hopendjupet CA?;;i:g’gH' 10/08 13:54 ;i:gigg
Hopendjupet CA?;;E:Z-CH H- 10/08 14:54 ;i:ggggz:
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Hopendjupet CA?;?:ZSH- 10/08 23:37 ;i::ig;g:
Hopendjupet CA?E;;ZE-CH H- 11/08 00:49 ;i:gggg:
Hopendjupet CA$53292_-&-(|:-| H- 11/08 01:42 ;i:;ggzg:
openduper | PTIREN | o | s | SRS | 27
Ship station slightly de-
Hopendjupet CA?EE;:ZEH- 11/08 09:39 ;2:8228?: 296 Iat}/g: 22?;:2”;2;!2?;-
here
Hopendjupet CAEZE‘ZA‘Z_?_EE H- 11/08 11:05 ;i:;gggi: 341
opendiuper | RS | s | om0 | DSl | 0
openduper | ATITEI | ayos | wess | TR | a0
Hopendjupet CAszjgz_g-EH- 11/08 13:11 ;i:;égi:: :Ig:;;l:rr,] SStt flzvitigjgrr:
north of CTD station/seep
ropendiuper | AU | ayos |y | RS | s
Hopendjupet | A TET | 1108 | 1400 ranzy 328
openciupet | G0 | s | s | TLiih | o
topendiuper | OO | wyoe | asas | TUOTR | s
Hopendiupet | “PETCI | 1108 | 1sue Jras0i6 32
Hopendjupet CA?ggi:Z:‘H- 11/08 15:36 ;i:;igg;:
Hopendjupet CA?E;;ZZ}EH' 11/08 15:49 ;23225?
Hopendjupet CA?E;;ZZEH- 11/08 16:02 ;g:ézgzg:
Hopendjupet CA?;g:Z:‘H- 11/08 16:14 ;i:iggig:
Hopendjupet CA?;;;:Z}:'H- 11/08 16:24 ;2:;;358:
Hopendjupet CA?E;;ZZEH- 11/08 16:34 ;g:;gzgg:
Hopendjupet CA?;;?):Z:‘H- 11/08 16:48 ;i:;ggg:
Hopendjupet CA?;;?:ZEH- 11/08 17:00 ;i:igg;i:
wopendupet | ATIOH | qos | azaa | RO
Hopendjupet CA?;;;:Z:‘H- 11/08 17:25 ;i:;g:ig:
Hopendjupet CA?E;E‘:Z:‘H- 11/08 17:37 ;i:;ﬁ:g;:
Hopendjupet CA?E;?:Z:‘ H- 11/08 17:50 ;i:}lig;z:
Hopendjupet CA?E;;:Z}':H' 11/08 18:01 ;i;igi
Hopendjupet CA?E;?:Z:IH- 11/08 18:12 ;i:;?iiz:
Hopen CAEZE:;'CGT'S H- 12/08 04:01 Zgﬁ:gg 120
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Hopen CAf;f;_g’g H- 12/08 15:29 Zig;::; 65

o | P | e | e | o
Storfjordrenna CAszf;_fT'S H- 14/08 02:50 ZZiéigg 286

Nordflaket CAszsz_fT-g H- 15/08 07:37 i::gi:iég: 48

Bjgrngyrenna CAf;ff_g’g H- 15/08 19:32 Zg;gzg
Bjgrngyrenna CAEZE;SZ_?_I:EH- 16/08 15:47 ;z:;;:;g: Over pingo
Bj@rngyrenna CAsz7292_f_l:gH- 16/08 16:40 ;i:ﬁ;gi: Between pingo
Bjgrngyrenna CAfZESZOZ-_CG'I:gH_ 16/08 17:43 Zi:;gigg: Over flaring pingo
Bjgrngyrenna CAEZESZIZ_?_I:EH- 16/08 19:34 ;31:;1;;:: Over well
Bjgrngyrenna CAlGZI;ZZZ_-CG_I:gH- 16/08 20:56 ;i:;gg;i: Over well
Bjgrngyrenna CAfZESZ32-_C6'I:g H- 16/08 22:28 Z::;gi:; Reference
Bjgrngyrenna CAleE8242_-g:g H- 18/08 03:20 ;i:ggggg 445
Bjgrngyrenna CASZ?';}:H' 18/08 03:26 Ziggggg Drifterl
Bjgrngyrenna CAsz;;?T_g H- 18/08 06:11 Z;‘ZSZ; 420
Bjgrngyrenna CAIC;ES?;}:H- 18/08 06:39 ;i::;iig: Drifter2
Bjgrngyrenna CAfzizéfT'gH' 18/08 08:29 Z;;g:i 388
Bjgrngyrenna CAleizl';'i:'tH' 18/08 08:50 Z;;gfé 390 Drifter3
Bjgrngyrenna CAszgzoz_f_l:gH- 18/08 11:58 ;S::igzg: 422
Bjgrngyrenna CAszgzlz_fT'g H- 18/08 13:49 Zgzggzgg:: 418
Bjgrngyrenna CAfZEQZZZ-?'I:g H- 19/08 19:37 Zg:;;ﬁgi: 172
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