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Cruise report

Foreword
In August - September 2019, a team of marine researchers of GEUS and Aarhus University
sailed on HDMS Lauge Koch to study the sea floor and its underlying sediments in the northern
Baffin Bay. This report is a detailed account of all samples and data collected during the 3week research cruise. It is intended to serve as a reference for anyone working on the data or
samples and as a guide for future users of LAKO as a platform for marine research. This report
is written by co-chief scientists Christof Pearce and Paul Knutz, with contributions from
everyone on the science team.
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Objectives
The overall aim of the BIOS-LAKO cruise was to gain new data and information on (1) seismicstratigraphy in northern Baffin Bay, (2) collect seabed sediment cores with the intent of
understanding ice-ocean interactions, primarily through the Holocene, and (3) obtain geological
samples in the form of bedrock and raised marine sediments on Carey Islands. The Greenland
ice sheet (GrIS) is the largest freshwater reservoir of the northern hemisphere. Recent studies
have highlighted the sensitivity of the GrIS to ongoing climate warming and its potential impact
on sea-level rise and the Atlantic meridional overturning circulation (AMOC) (Khan et al., 2010;
Hansen et al., 2016). The full range of forcing and feedbacks – oceanic, atmospheric, orbital, and
tectonic – that influence the GrIS over a range of time scales, as well as conditions prevailing at
the time of glacial inceptions and deglaciation, is crucial for making robust model-based
predictions of Earth’s future climate. We thus need information from paleoclimate archives to
understand how the GrIS may potentially respond to global warming in the near future (Alley et
al., 2010) and how this response may affect other components of the climate system. A key
question is how ice sheets have responded to past episodes of climate warming and transitions,
particularly during interglacial periods that experienced similar or more intensive warming than
today (Schaefer et al., 2016). Thus, there is a pressing need for more research that can refine the
contradictory and fragmented records on long-term GrIS dynamics. One of the key objectives
with the BIOS cruise is to collect high-resolution seismic data and seabed samples, which will be
essential for detecting buried interglacial deposits and will provide reconnaissance for
identifying deep drilling sites as part of an ongoing Integrated Ocean Discovery Program proposal
(Proposal 909Full2). Many studies, both from past and recent records, show that the stability of
glacial margins in West Greenland is strongly determined by ocean heat transport through the
Irminger Current – West Greenland Current system (Graeter et al., 2018; Lloyd et al., 2005).
Climate models predict that under the current level of CO2 forcing, the North Atlantic will
continue to warm, thus sustaining the trend of increased marine ablation along the major glacial
outlets in West Greenland. On the other hand, enhanced fluxes of meltwater from the GrIS may
act as a negative feedback on continued ocean warming (Sejr et al., 2017). By obtaining sediment
cores from northern Baffin Bay and within the North Water Polynia – a relatively ice free area
were upwelling of nutrient-rich waters causes enhanced biological productivity – we intend to
unravel the sensitivity and temporal scales of ice-ocean climate coupling linked to Greenland ice
sheet variability. The material collected at these sites may also provide chronological
information for the Hiawatha impact structure in NW Greenland.

Geographical region and cruise track
The area of operation is the northern Baffin Bay, staying within Greenland waters (Figure 1). The
seismic survey (first half of the cruise) was carried out in deep and outer shelf waters of Melville
Bugt, NW Greenland margin. Subsequently, sediment cores were obtained in a transect
gradually moving from seismic area A/B and northwards into the southern part of Nares Strait
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and Inglefield Bredning. During the final day of active fieldwork, we collected samples from land
on the Carey Islands.

Figure 1: Overview map of the BIOS cruise track along northwest Greenland

HDMS Lauge Koch (LAKO) as research platform
LAKO was first taken into service in 2018 as a naval inspection vessel in the type class of “Knud
Rasmussen”, mainly to carry out naval inspection in Greenland waters (Fig. 2). As one of its
secondary roles, the ship functions as a platform for marine research. Except for hull mounted
multibeam and sediment echo sounder (Innomar sub-bottom profiler), LAKO does not carry
9

specific research instruments, which have to be supplied and equipped by the scientists
themselves. For the BIOS cruise this included an A-frame, a 50 kN winch, a 20' lab container, a
20' compressor container and a standard 20' shipping container for storage.

Figure 2: LAKO at anchor south of Isbjørn Ø, Carey Islands, NW Greenland. Drone photograph
by Lars Kragh.

Mobilization
Mobilization began on August 17th by inspecting the containers that were shipped to Aasiaat for
installing on LAKO. Everything was found in good order and several small boxes of equipment
were set aside to bring to LAKO on the 18th to faciliate loading the containers on the 19th. HR,
PT, LGR and JH then boarded the ship via SAR boat to make initial contact to the crew, to prepare
the deck with twist locks, to start routing signal cables from the ships infrastructure towards the
helideck, and to set up computers in the flex room. This initial workday before craning the
containers on board was time well spent. On Aug 19th @ 13:00 the A-frame, 50 kN winch, and
containers were lifted on board. As the deck was already prepared, the craning operation only
took about one hour. Installation of deck and seismic equipment continued until Aug. 20th @
21:00, where LAKO left Aasiaat for sea trials of the A-frame, winch and seismic equipment in the
near-shore Disko Bay. The tests were concluded on Aug 21st @ 02:00. PT disembarked and LAKO
set course towards the area of operation.

Deck configuration
The deck was configured with the A-frame starboard and the 50kN in the forward position (Fig.
3). Before use, the levelwind was lifted to the highest position and the retaining bolts were
tightened 300 Nm as specified in the manual. A large fender was suspended outboard of the Aframe 1.5 meter above the waterline. The laboratory container was installed with 4 twist-locks
and lashed with ratchets in all four corners as required for accommodation. The two containers
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aft were only aligned with twist-lock positions on their starboard sides. The port sides of these
containers were fitted with “elephant feet” and lashed with crossed ratchets. Power cabinets
were positioned on the forward-facing side of the laboratory container and all cables were
routed along steel ropes suspended above head-height between the containers. Only the
portside power-outlets and power cabinet were used during the cruise. Freshwater was
provided via a standard garden hose from the starboard side of the vessel but was not connected
to the laboratory container. Future cruises should prepare the container for this connection
type. The laboratory container was supplied with telephone and network connection to the ship.

Figure 3: LAKO aft deck configuration during LK19-BIOS.

Performance of DCH deck-machinery
The DCH equipment was installed and operated by designated members of the scientific crew
(PT, LGR & HR). In general, the equipment performed extremely well. The crew were very
welcoming and helped us where they could. It should, however, be noted that all space inside
the vessel is occupied. Researchers should thus not expect to be able to build up substantial
laboratory facilities inside.
The following issues were encountered with the DCH equipment:
1. The freeboard of LAKO is high compared to designated research vessels and the sides of
the vessel are not designed for impacts and abrasion. In combination, the fender and the
protruding deck extension at the A-frame could be used very effectively to control the
long gravity core in spite of roll and pitch (see Fig. 6). Smaller equipment was a challenge
to control because of the high A-frame, the small horizontal distance between sheave
and the side of the ship, and the lack of stability of LAKO when the ship is moving slower
than 6 knot (the ship tends to roll violently because the active stabilizers are ineffective
11

2.

3.

4.

5.

6.

7.

8.

9.

at lower speeds). Figure 8 shows an example of how smaller instrument can be
controlled. We did not make contact between any equipment and the side of the ship,
but future users of the ship should bring an apron to protect the upper 2-3 meters of the
ships side below the A-frame.
During mobilization of the A-frame the hydraulic hoses to the cylinders contained
hydraulic oil under such high pressure that the quick-connections could not be engaged.
To relieve the pressure it was necessary to unscrew the threaded ends. This issue should
be resolved in cooperation with SH group (PT has already contacted SH Group).
After taking the final Rumohr core and lifting up the fender, it was discovered that the
mail hydraulic cylinders of the A-frame had twisted in their mounts. During the following
stowing of the A-frame into the inboard position, the knuckle of the lower attachment
points made sliding contact with stationary parts of the frame. This issue must be
resolved before next use of the A-frame.
The extension of the A-frame deck was attached with horizontal twist locks. It is unknown
if one of these was not properly installed or if it became undone during further
mobilization or operation. In either case, the deck partly detached during recovery of the
fender when the deck was pulled upwards. In the future, the deck extension should have
additional attachment to prevent this, and to prevent movement due to excessive play
in the connection. The extra connection can be made with a single M16 threaded hole in
each side of the deck extension above the horizontal twist-lock. A M16 threaded rod
(250mm with a suitable protective shoe, a 24mm hexagonal head and a M16 locking nut)
can then press the A-frame and deck extension apart to lock the extension in place.
Operation of the winch was jerky in the beginning, most likely due to air in the hydraulic
system. Future users should operate the winch back and forth until it will start up
smoothly at low speed before first use. Make sure that the rope is under proper tension
to spool correctly during this operation.
The winch could not be operated from the fixed panel because the mechanical lock on
the joystick could not be released. It was not possible to use the advanced features of
the winch without control from this fixed panel. Thus, the auto-position mode could not
be used and all operations were controlled manually via the radio-remote (including
+2400m payout and recoveries).
It is inconvenient that the fixed display on the winch cannot show the dashboard while
the controls are handed to the remote (the display will change to the log-on screen when
control is handed to the remote, and the control will be taken away from the remote if
the display is touched). This inconvenience might be a side effect of the post-delivery
modifications to the firmware that allow use without login.
The winch would systematically disengage during slow operations during recovery. This
was possibly due to time-out from the encoder in the level-wind, or to the cable counter
operating in negative range.
The manual for the winch and A-frame lacks a description of the control-lights on the
remote.
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10. A user manual should be written with instructions for (de-)mobilization, operation and
daily maintenance (ca. 5 pages).
11. The back-light in the display of the remote could not be turned on.
12. The load-sensor in the sheave displayed wrong values: An empty sheave displayed 350
kg. Sheave plus 1000 kg gravity corer displayed 550 kg.
13. The loose set of boxes with tools and spare parts are inconvenient and the moisture
sensitive parts are not stored safely inside. DCH should acquire a 10-foot shipping
container that can be used as a permanent workshop and storage for the parts. The
container can be shipped in its seagoing conditions and it can be mounted on the helideck
or one deck higher on the starboard side.

Stowing after end of operations
After end of operations the level-wind was lowered to the lowest position for transport, the
bolts greased and tightened to 300 Nm as specified in the manual. The equipment was hosed
down with freshwater and the spindle and rails of the level-wind were preserved with grease.
No further maintenance was performed and the 25 hour service is due when the equipment
returns to Denmark.

Scientific equipment
Multichannel seismic acquisition
The seismic program was designed to primarily image the first 500 ms below seabed to
supplement the existing industry seismic data. We opted for a basic setup that used a 90 cu. in.
GI-gun as a seismic source. This was configured with a 45 cu. in. main chamber and 45 cu. in.
injection chamber. To achieve maximum resolution, we wanted to fire the source as frequently
as possible - up to every 2.5 s to achieve a shot spacing of 5–6 m. For this reason, we used the
higher capacity Hamworthy compressors, which could fill the airgun in 1.4 s.
Shots were recorded on a Geometrics GeoEel streamer, which included five 25 m active sections
of 8 channels each (40 channels total) with a group spacing of 3.125 m. Two of the sections were
built just prior to shipping all equipment to Aasiaat. One channel in one of these sections was
known to faulty at the time, but there was not sufficient time for repair (channel 22 in the final
streamer configuration). The seismic source was deployed from the starboard side of the aftdeck
using the DCH A-frame and winch. The source umbical was tied off to a rope deployed from deck
2 (one below the aft-deck). This stabilized the towing arrangement and helped to prevent
tension on the umbilical from lifting gear too high. The streamer was deployed from a handoperated winch from the port side of the aft-deck. The streamer was tied off to rope deployed
from deck 2, similar to the gun arrangement.
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The basic towing geometry was adjusted during acquisition according to data quality and
different problems that arose. The three basic setups are shown in Figure 4. Positioning
information came from three GPS receivers. One receiver was installed on top of the lab
container, one was attached to the tail buoy on the streamer, and the last was attached to the
source array buoy. At the beginning, it was uncertain how long the batteries in the source and
tail buoys would last. During the shooting of the first several seismic lines, the source and tail
positions were calculated from the measured geometry based only on the lab container position.
Errors compared to the measured positions from the GPS receivers proved to be within about
10 m for the source, and more for the tail buoy. The batteries for the receiver in the source buoy
gave out a little over half-way through the acquisition program. The batteries in the streamer
tail buoy lasted for the entire survey. The source array was towed 30.65 m behind the ship in the
initial towing configuration, but this was later adjusted to 25.65 m. The gun was towed at a depth
of 3.0 m.
The steamer included a 25 meter stretch section followed by the five active sections. Birds were
attached at the front of the stretch section and at the end of the last active section. The front of
the stretch section was initially set at 24.6 m behind the ship, but was adjusted to 34.5 m since
tension on the streamer had a tendency to lift the front bird out of the water. Allowing extra
slack seemed to help reduce the upward pull from the towing arrangement and allowed the
front bird to stay in the water. The streamer was initially set to be towed at 2 m depth, but was
later adjusted to 3 m. This further helped to prevent the front of the stretch section from
surfacing and stabilized the streamer depth, especially in rougher weather.
All the recording and triggering equipment was setup in the lab container. The recording system
included:
• Navipac PC for navigation and source event triggering.
• PC for bird control.
• Geometrics PC for receiving streamer data and recording shots to disk. This PC received the
navigation string from the Navipac PC to merge with data prior to writing data to disk. Each shot
is recorded as a single SEG-D file.
• A source trigger PC, which received triggering information from the Navipac PC and sent a
trigger pulse to the source array for firing. The trigger pulse was sent with a 300 ms delay.
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Figure 4. Seismic acquisition towing geometries and with key measurements.

Table 1. Summary of Acquisition Parameters
Seismic Lines:

1001-1011

1012-1020

1021-1022

1023-1024

1025

1026-1052

No. Channels

40

40

40

40

40

40

Near channel

1

1

1

1

1

1

Group length

3.125 m

3.125 m

3.125 m

3.125 m

3.125 m

3.125 m

Y-offset*

5.05 m

5.05 m

5.05 m

5.05 m

5.05 m

5.05 m

X-offset to near
channel*

67.625 m

77.625 m

77.625 m

77.625 m

77.625 m

77.625 m

Source X-offset*

48.65 m

48.65 m

48.65 m

48.65 m

48.65 m

48.65 m

Source Y-offset*

-2.25 m

-2.25 m

-2.25 m

-2.25 m

-2.25 m

-2.25 m

Minimum sourcereciever offset*

20.3 m

29.8 m

34.75 m

34.75 m

34.75 m

34.75 m

Gun delay

300 ms

300 ms

300 ms

300 ms

300 ms

300 ms

Shot time

4.0 s

4.0 s

4.0 s

2.5 s

3.0-4.0 s

4.0 s

Record Length

3.5 s

3.5 s

3.5 s

2.0 s

2.0 s

2.5 s

Gun pressure

125 bars

125 bars

125 bars

125 bars

125 bars

125 bars
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Seismic Lines:

1001-1011

1012-1020

1021-1022

1023-1024

1025

1026-1052

Notes: Offsets are reported according to geometry and sign conventions used by ProMAX and are
referenced to the GPS reciever on the lab container. These are used in the source and reciever pattern
spreadsheets. The minimum source-receiver offset is the distance from the source array to channel 1 and
is needed for the mid-point binning.

Shooting operations
Because of the small chamber size, the effect of the source array on marine mammals was not a
major concern. Nevertheless, prior to starting seismic acquisition we had two scientists on the
bridge to confirm that there were no signs of marine mammals within 500 m of the ship. During
the transit to the main survey area as well as during deployment of the seismic gear, few marine
mammals were noted. Once we began seismic acquisition, the system ran mostly continuously,
with pauses in shooting during turns and twice it was necessary to bring the airgun on board. No
marine mammals were observed during these operations. Details on the seismic acquisition are
show in the seismic log (Appendix 2).
In deep water, the shot interval was set to 4.0 s and the record length was set to 3.5 s. On the
shelf, we reset the recording system to shoot at 2.5 s intervals with a record length of 2.0 s. Lars
noted that the airgun did not appear to fully fire at this point. In particular, it appeared that one
of the chambers was not firing. The strength of the direct and seafloor arrivals also appeared to
be reduced and poorer quality, also suggesting that one of the chambers was not firing. It is
possible that the shot time was too short for the triggering system to properly fire both
chambers. For this reason, we increased the shot time at the beginning of line 1025, eventually
settling back on the 4.0 s shot interval to be sure that both chambers fired properly. Note that
the shot time is not randomized. Since the total array size was small, it was felt that energy from
previous shots should not be a major concern despite the short shot time interval. Nevertheless,
it is apparent in the deep water data that multiple energy is clearly present in the water column.
This energy can stack coherently in the processed data. While the amplitude is small and should
be significantly less than the primary energy, some caution should be used interpreting subtle,
low amplitude features, especially in the data collected in shallow water on the shelf. Figure 5
shows the final seismic lines collected.
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Figure 5. Overview of seismic lines collected. See seismic log table, Appendix 2, for details on
file and line numbering.

Shipboard Processing
A basic processing of all the data was done on board. The sequence included:
• SEG-D read and geometry assignment
• Amplitude recovery followed by bandpass filter, fk filtering on shot gathers, and resample to 1
ms.
• Simple stacking velocity analysis and picking on constant velocity stacks with picks every 800–
3000 m.
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• NMO correction and stack.
• Post-stack migration and muting.
• SEG-Y output.
SEG-D read and geometry assignment
There were only a few issues noted while importing the data into ProMAX and assigning
geometry. Inspection of the direct arrival to confirm the geometry showed that the first break
was consistently too late compared to the programmed 300 ms trigger delay. The arrivals were
approximately 12–15 ms delayed given the measured towing geometries. The towing
configuration shown in Figure xx is consistent with the distances calculated from the shot-byshot navigation recorded by the GPS receivers, so it is assumed that the additional delay is
related to the triggering system. A final delay of 315 ms was applied to all data during geometry
assignment. At 1.47 m/ms, the errors due to the delay discrepancies are in any case minor, on
the order of 6 m and probably less than the positioning errors of the receivers. Channel 22 was
killed during final geometry assignment.
On line 1023, the shot point sequencing was erroneous during two periods with shooting errors.
After shot point 28435, the system reset itself and began number new shots beginning at 28423,
and a number of shots were missing. However, the positions indicated by the source location
increased continuously as did the FFIDs. Shots 28410–28435 from the original recording were
renumbered from 28409–28422, keeping the sequence in order according the position of the
source.
Amplitude recovery and filtering.
A basic amplitude recovery of 6 db/s with a maximum application time of 2500 ms was applied.
This appeared to give reasonable amplitudes with depth. This was followed by a Butterworth
bandpass filter from 15-400 Hz with a 24 db/octave and 48 db/octave dropoff respectively.
A preliminary assessment of the data indicates that the noise from the ship is quite high,
especially on the near channels. In general, it was noted during acquisition that the noise level
on the first two sections was high. In addition, about half way through the seismic program,
consistently higher noise levels on channels 8, 16, 24, and 25.
The fk spectrum showed very strong linear energy believed to be related to ship noise in the
750–4000 m/s range. This linear noise is also readily apparent on the shot gathers as noted
above. This was eliminated using a simple fan filter where energy from 750–4000 m/s was
rejected with frequency cut-offs of 5 and 500 Hz. The fan was allowed to wrap around Nyquist.
This suppressed the worst of the linear noise and resulted in a significant pickup of primary
reflection energy on all channels, including the near channels where even the seafloor arrival
appeared swamped by ship noise. Following fk, a further Butterworth bandpass from 15-300 Hz
was applied and data were resampled to 1 ms.
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Stacking velocity analysis, NMO, and stack
Because of the short offsets and small source receiver offsets, semblance analysis is not that
useful. Velocity picking consisted of visual inspection of moveout on CDP gathers along with
constant velocity and dynamic stack panels. Velocities were picked to maintain coherent
stacking of clear primary energy and were generally kept on the low side of 'reasonable' for
stacking parameters. This was done so that the same velocity model could be used for post-stack
migration without risk of over-migration. On the shorter profiles, velocities were picked every
500 CDPs, or about 800 m. On the longer profiles, picks were done every 1000 CDPs (1500 m) or
2000 CDPs (3000 m).
After velocity picking, NMO was applied and the data were stacked using the median value. The
median stack approach helps to suppress any pegleg multiples or multiples from previous shots.
Post-stack migration and muting
Two different migrations were run on the final stacked data. A Kirchoff time migration using the
stacking velocities was done. In some areas, some overmigration was apparent, likely from
multiple and pegleg multiple energy. On the shelf with strong water bottom muliples, the overmigration is readily apparent. The seafloor was picked, and then a multiple mute was calculated
as twice the seafloor time minus 20 ms. The Kirchoff migration was then rerun.
In addition, a Stolt constant velocity migration using a water velocity of 1470 m/s was done to
suppress the strong diffractions in areas with rough seabed as well as the diffractions from the
shallowest reflection surfaces. This is available for comparison to the Kirchoff migration above
to help determine where over-migration artefacts are apparent.

Sediment corers
Gravity corer
The gravity core consists of a core catcher, a 5.8 m long metal barrel, a PVC liner, a metal plate
to control over-penetration and 840 kg of lead plates on top making up a total weight of about
1100 kg (Figure 6). This system was set up to recover a maximum of 6 m soft sediments with
limited disturbance of the surface sediments. Before each deployment, the core barrel was
loaded with a PVC liner with an outer/inner diameter of 125/115 mm. A core catcher (Figure 7)
installed at the end of the barrel prevents the liner with soft sediments from sliding out of the
barrel after recovery. The gravity corer was deployed by using both the ships crane and the Aframe, installed at the starboard side of the ship. The corer was sent down at 1 m/s descent rate
until 100 m above the seabed. During the final 100 m, the speed was reduced to 0.6 – 0.8 m/s.
Once the sediment was hit, the winch was paused for 10-20 seconds before recovery. After
recovery, the gravity corer was moved inboard and turned along the ship using the LAKO crane.
The core catcher was then removed and the sediment in the core catcher was put into sample
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bags. The inner PVC liner was pulled out entirely and cut into 1 m sections. Each section was
labelled and both ends were capped and stored on deck.

Figure 6: Deployment of the gravity corer.
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Figure 7: Gravity corer with core catcher (0.5 mm thickness) at the end.

Rumohr corer
The rumohr corer consists of an unsupported transparent liner made from PC (length: 1-1.5 m
and outside diameter: 80 mm) with weights attached on top (Figure 8). The rumohr corer was
lowered to the sea floor by using A-frame and 50 kN winch. When the rumohr corer reaches and
penetrates the sea floor, the PC liner is filled with sediment and the loss of tension on the rope
cause the lid to release. As the corer is pulled up, the tension closes a small valve on top of the
liner, which keeps the sediment in. This coring method is ideal for the recovery of undisturbed
surface sediments and was therefore deployed in connection with gravity coring in order to get
a complete sediment record. After sediment recovery, some of the rumohr cores were sampled
for pore water analysis, some were subsampled for sediment analysis, and some were left intact.
All cores were capped and placed in the storage container.
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Figure 8: Deployment of rumohr corer.

Multibeam echosounder for backscatter, water column and bathymetry
Objectives
The multibeam echosounder (MBES) acquisition on the BIOS2019 cruise served two purposes:
1) To acquire bathymetry in the broadest possible swath along the seismic lines.
2) To acquire water column data for identification of seeps in selected areas.
As a naval ship, the vessel is routinely used by the Danish hydrographic service (Søopmålingen).
The infrastructure for acquisition of bathymetry was passed on in a formal handover with the
hydrographers before they departed the ship. In general, MBES bathymetry was acquired
continuously, except for some of the site surveys for coring where the multibeam was turned off
in an attempt to improve the quality of the sub-bottom profiler. Water column data was
acquired on the entire cruise.
Instrument and method
The MBES system we used is a RESON 7160 (Fig. 9). The instrument is hull-mounted centrally
on the ship in the keel. Navigation and attitude data is derived from an Applanix PosMV5. Online
sound velocity data is obtained from two SV70 sensors mounted and run in a tandem
configuration. Profiles for ray-tracing were carried out whenever possible (none taken during
seismic acquisition, one was taken at each coring operation). Multibeam parameter settings are
shown in Figures 10-11. The most important tools for manipulating the data quality is the
combination of pulse length and power.
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Figure 9: Example of a raw data recording display from the UI of the Reson 7160, signal
strength and backscatter to the right. This is a part of Vaigat with numerous iceberg
scourmarks

Figure 10: Overview of advanced MBES settings applied for the acquired lines.
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Figure 11: Overview of basic MBES settings applied for the acquired lines.

Data quality
The data quality of the MBES is exclusively affected by water depth and the Innomar sub-bottom
profiler (SBP). To avoid interference between the SBP and the MBES, the synchronization and
the trigger of the two systems were initially set for the MBES to trigger the SBP. However, at
great water depths the low ping rate on the MBES caused a similar low ping rate on the SBP. It
was therefore decided to disengage the SBP from the MBES trigger so that the Deep Sea Pulse
Mode on the SBP could be turned on. This resulted in a higher ping rate (up to ca. 4 pps) even at
very deep water (>2000 m). Hence, the MBES and SBP were not synchronized for the main part
of the cruise, causing a lower quality of the recorded MBES data.

Innomar sub-bottom profiler investigations
Objectives
The sub-bottom profiler on the BIOS2019 cruise served two purposes:
1. To investigate the geology of the area, including the seafloor, deep reflections, faults and
folds, varying seafloor morphologies, sediment packages, mass transport deposits (MTD) (e.g.
slides and slumps), and canyons etc.
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2. To identify suitable locations for the sediment sampling program (Gravity and Rumohr Lot
coring), i.e. to find areas where soft sediments (mud) are present (preferable > 4 m in thickness).
During the first leg (Melville Bay), sub-bottom profiler (SBP) was only acquired during the first
days when surveying took place on the slope and the basin floor. On the shelf, a very ‘hard’ and
iceberg-ploughed seafloor did not allow for penetration of the substrate and only very poor
quality data could be recorded. Since SBP effects the quality of the multibeam echosounder
(MBES), it was decided to turn off the SBP at the shelf and prioritize MBES. During the second
leg of the cruise, the main transect along the Danish EEZ from the deep Baffin Bay toward the
Nares Strait was surveyed, while suitable coring sites were marked using the OpenCPN software.
Upon return to the preliminary coring sites, additional surveying was carried out to adjust and
finalize the coring positions. Suitable coring sites were identified as areas with a relatively flat or
smooth seafloor and where at least 3 m of subparallel (stratified) reflections could be observed
on the SBP data immediately below the seafloor. Furthermore, the area of stratified reflections
should preferably have a certain lateral extent > 100 m to allow for some drifting during the
coring operations.
Instrument and method
The sub-bottom profiler (SBP) instrument used for the shallow seismic surveying onboard HDMS
Lauge Koch is of the type: Innomar SES-2000 Deep, Narrow-Beam Parametric Sub-Bottom
Profiler (Fig. 12). The instrument is hull-mounted centrally on the ship (in the keel), next to the
MBES, and associated with a motion sensor for recording the heave, pitch and roll variations.
The SES-2000 Deep instrument was previously installed on RV Dana but was moved to HDMS
Lauge Koch in 2018 to support the scientific role of HDMS Lauge Koch.
The sub-bottom profiler system works by transmitting a high-frequency ping (electronic signal)
which is reflected from the seafloor and subsurface layer boundaries and received back and
recorded at the transducer (Fig. 12). The reflected ping is transformed into images (vertical
sections/profiles) of the subsurface by utilizing the difference in arrival time from reflectors at
varying depths. The Innomar instrument records data in SES and RAW formats (Fig. 13), which
are converted to SEG-Y format using the SES-convert software. Both the HF (high-frequency) and
LF (low-frequency) component of the data recorded is converted to SEG-Y. No particular
processing of the raw data was carried out onboard HDMS Lauge Koch. After conversion, the
SEG-Y files were loaded into Kingdom Suite (seismic interpretation software) (Fig. 14) for
preliminary interpretation.
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Figure 12: Sub-bottom profiler. Left: Control computer for the permanently installed Innomar
SES-2000 Deep sub-bottom profiler at HDMS Lauge Koch. Right: Principle of seismic reflection
used in sub-bottom profiling. Reflections from the deeper geological layers will arrive later
(i.e. longer two-way travel times (TWT)) than reflections from the shallower layers. The
difference in arrival time can be processed into images (vertical sections/profiles) of the
subsurface.

Figure 13: Example of a raw data recording display from the SES-win software at a section close
to Station 6 showing a thick sedimentary drape above basement rocks. Settings for the data
recording are adjusted in the grey panel. Left display panel: HF recording. Right display panel:
LF recording. Vertical scale is meters (depth converted from TWT using a constant velocity of
1500 m/s).
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Figure 14: Corresponding image of the data from Fig. 13, converted to segy-format and loaded
in Kingdom Suite. Left panel: Display of the regular amplitudes using a black-white-red colour
bar. Right panel: Calculated envelope attribute displayed with a black-white colour bar.

Data quality
The SES-2000 Deep parametric sub-bottom profiler has a fixed high-frequency (HF) component
of 35 kHz, and a low-frequency (LF) range of 2-7 kHz. As the target area for the cruise extended
across Melville Bay, Baffin Bay, Carey Islands and the Inglefield Bredning, a wide range of water
depths from 40-2400 m were encountered. This called for a number of varying settings (deep
water setting, shelf setting) that were applied to ensure the best quality data (see Table 1 for
details on the settings used). Generally, the 4 kHz LF mode with a ping rate between 1-10 pps
(pings per second) was used for most of the areas surveyed.
For the first leg of the cruise, the acquisition speed was ~4 kts because of the multichannel
seismic program. For the second leg, a test revealed that the best quality SBP data was attained
with a speed over ground of either 3 knot or 10-11 kts. Interference with propeller noise
appeared to be reduced at these particular speeds. Other tests for eliminating noise were also
performed such as checking the interference with the other acoustic systems on HDMS Lauge
Koch, in particular the MBES and the regular echosounder. While the MBES is highly affected by
the ship’s echosounder, there were no effects on the SBP while switching off either of these two
instruments. The MBES ran in FM (Frequency modulation – or chirp mode) throughout the cruise
due to the deep water sites encountered, and this may have affected the quality of the SBP data
compared to the constant wavelength mode of the MBES. This, however, remains uncertain and
the main noise source on the SBP is likely to be related to the vibrations from the propellers.
This noise could, as described above, however be reduced at certain acquisition speeds.
To avoid interference between the SBP and the MBES, the synchronization and the trigger of the
two systems were initially set for the MBES to trigger the SBP. However, at great water depths
a very low ping rate on the MBES caused a similar low ping rate on the SBP. It was therefore
decided to release the SBP from the MBES trigger so that the Deep Sea Pulse Mode on the SBP
could be turned on, which ensures a higher ping rate (up to ca. 4 pps) even at very deep water
(>2000 m). Hence, the MBES and SBP were not synchronized for the main part of the cruise,
causing a lower quality of the recorded MBES data.
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Table 2: Overview of SBP settings applied for the bulk of the lines acquired.

The SES-2000 Deep is designed to deliver ultra high-resolution reflection data optimized for
mapping the shallowest subsurface. Depending on the geology of the areas investigated and the
water depths, the penetration depth on the BIOS2019 cruise varied from 5 m (‘hard’ seafloor)
to ca. 20 m (‘soft’ seafloor). Concerning resolution, an average velocity of 2000 m/s for the
sediments gives a dominant wavelength of 0.5 m (using a dominant frequency of 4 kHz) which
in turn gives a vertical resolution around 25 cm (estimated here as half the dominating
wavelength). Hence, the instrument should be able to fully resolve layers that are above 25 cm
in thickness. However, for deep water (>700 m) the SBP instrument was generally run with a
High-Energy mode that automatically stacks more pulses to give a ‘burst’ of energy. For the 4
kHz frequency the High-Energy mode generated 14 LF pulses lowering the resolution of the
layers simply because of the longer duration of the ‘total’ pulse.
A few times during the cruise an unexpected error related to the logged water depth (and logged
TWT) in the SES-win software occurred. For some reason, the water depth would suddenly be
offset by many meters (from 40-200 m) during acquisition of a line. To fix this problem the SESwin software was shut down and the Innomar computer rebooted. Reboot of the system was
also applied in cases of ‘sensor module not found’ and ‘ADC’ errors from the SES-win software.
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Temperature and velocity profiling of water column
Depth profiles of seawater temperature (Tsw) and sound velocity (Psw) were obtained using a
Valeport MiniSVT titanium housed probe deployed using a Teledyne RapidCast winch and
“fishrod” (Fig. 15). Water velocities were measured by a transducer/reflector with a single sound
pulse of 2.5 MHz frequency. The probe was launced through a PC software interface connected
to a control unit that also allowed manual operation of the RapidCast winch. Data were collected
and stored in the probes internal battery-driven logging facility during winch-out, and was
transmitted to the PC via Bluetooth after recovery of the probe. Although the PC interface
allowed an automated set-up with predefined parameters (e.g. dive table, stepwise recording,
ships speed) we used a continuous measurement setting and a simple launch/deployment
procedure: (1) Set the probe to “Home position” corresponding to the probe hanging over water
approximately 1 m below pulley wheel, (2) Set desired maximum depth, (3) Press “start” to
deploy, (4) Stop and recover probe at desired depth. Pkt 4 was necessary since the system would
roll out a lot more wire than the designated depth due to drag behind ship. Thus, we never
reached measured depths corresponding to the designated role-out depths. The RapidCast
winch contained 1500 m of wire, apparently not fixed to the the winch barrel, and hence to be
on the safe side our maximum depth deployment was 1300 m corresponding to 1100 mwd on
the deepest cast. Deployment of the RapidCast probe was carried out at a slow forward ship
speed (2 kts) to avoid the wire going under underneath the ship. The data was logged using
dedicated sofware (RapidSV log) and stored on the local PC harddrive as text files.

Figure 15: MiniSVT probe prior ready for deployment (left). Output shown in the RapidSV Log
display (right).

Surface water filtration
Seawater from the ferry box seawater outlet was filtered onto combusted GF/F Whatman glass
fibre filters (45 mm diameter, 0.7 µm mesh) using a Millipore inline filter holder to document
the variability of biomarkers and phytoplankton in the surface waters of the northeastern Baffin
Bay. The ferry box is equipped with a SBE 21 SeaCAT thermosalinograph and an SBE38 external
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temperature sensor to record the temperature and salinity of the surface waters (Figure 16).
The external temperature sensor is placed close to the seawater intake so that the ships own
thermal mass does not bias the temperature readings. The seawater intake of the ferry box is
located 3.5 m below the surface and is equipped with a 5 mm filter to prevent larger objects
from entering the system. This filter was not cleaned before we started, but we would
recommend future researchers to do so if the water will be used for filtering. Prior to filtration,
the setup was flushed with seawater and equipment in contact with the GF filter was cleaned
with 99.9% ethanol. Seawater is filtered along 30 minutes to 1 hour transects with the
temperature, latitude, and longitude recorded for every start and endpoint of the transects. The
ferry box is set to the maximum water intake of 0.9 l/s. However, the water is fed simultaneously
into the thermosalinograph and the filtration setup so five to six liters of seawater are filtered
during one hour transects. The filters are transferred to sterile Whirlpack sample bags, wrapped
in aluminum foil, and frozen at -20 °C.

Figure 16: Overview of the Ferrybox system (left) and inline filtration system (right). The
seawater intake pump is situated in the bottom right, from where the water is pumped
through a flow meter and into the thermosalinograph. A separate outflow is connected to our
filtration set up. The bucket is used to collect any potential leakage.
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Data & preliminary results
Biogeochemistry
Samples for biogeochemistry were taken from stations 4 and 8. At both sites, the samples were
taken from one gravity core and from two Rumohr cores. The gravity cores were drilled for rhizon
sampling every 5-30 cm along the length of the core. Rhizons with 5 cm long porous sections
were inserted into the center of the cores and 40 mL syringes attached and evacuated. When 25 mL of pore water had been extracted, the air was expelled from the syringes, 0.5 mL of pore
water was discarded and the rest sampled in an Eppendorf tube marked D. Tubes marked D were
stored at 4 °C. The air-free syringes were once again evacuated and allowed to extract porewater up to maximum 7 mL and maximum one hour. The extracted pore water was expelled into
a 1 cm deep cut syringe via a 3-way valve with minimal exposure to the atmosphere. Within 1
second the first 500 µL aliquot was transferred into 500 µL of 0.5 M HCl and frozen at -20 °C for
later analysis of dissolved iron. The next 500 µL aliquot was conserved in 500 µL of 5% aqueous
zinc-acetate and frozen at -20 °C for later analysis of dissolved sulfide. The next 500 µL aliquot
was frozen directly at -20 °C for later analysis of dissolved ammonium. The remaining fluid (1-2
mL, usually filled to the brim) was filled into a Eppendorf tube and stored at 4 °C for later analysis
of sulfate and chloride.
After pore-water extraction, the gravity cores were split in the plane where the rhizons had been
inserted. In between every rhizon sampling, two samples of solid phase were extracted. One
sample was retrieved with a 6.3 mL calibrated syringe for later analyses of porosity and organic
material (C, N and δ13C). The 6.3 mL sample was transferred to a capped medicine beaker and
stored at 4 °C. One additional solid sample was taken in a cut 40 mL syringe (ca 15 cc) and
immediately frozen at -20 °C for later analysis of reactive iron, speciation of organic carbon and
composition of DNA.
One rumohr core from each site was drilled and extracted for pore water using the same
protocol as above. This core was then passed on to the AU sediment team. One rumohr core
from each site was extruded step-wise in steps of 10 cm. At each step, two samples were taken
from the exposed surface and down. One sample was taken for porosity etc as above. One was
taken for reactive iron etc as above, but in a 5 mL cut syringe filled completely, rather than in a
half filled 40 mL.
All frozen samples were brought to the home lab in a portable freezer that was shipped as
checked baggage directly after the cruise. Refrigerated pore-water samples were also brought
as checked baggage, where they were allowed to heat up towards room temperature for short
periods (1-4 hours) during transport. The sediment samples for porosity etc. were stored in the
fridge at 5 °C. The fridge however was disconnected during shipment across the Atlantic back to
Denmark, and the samples were thus likely exposed to temperatures fluctuations of up to 15 °C.
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Surface water filtration and measurements
A total of 27 filters were collected from different locations along the cruise track (Appendix). The
ferrybox thermosalinograph was used to track the surface water temperature, but unfortunately
the connection to the PC broke down after the seismic survey in Melville Bay. After Filter 11, the
temperature was registered using the temperature probe on the engine intake. This was earlier
verified to be the same within 0.2 °C. Since the filters were produced during a transect, the midpoint was used to register each point, Table 3.
Table 3. Surface water filter overview
Filter
Lat
Lon
T average
LK19-F1 69.009 -53.117 9.6
LK19-F2 69.109 -53.366 9.2
LK19-F3 72.096 -61.062 7.5
LK19-F4 72.712 -62.627 8.6
LK19-F5 73.027 -63.547 7.6
LK19-F6 72.985 -62.988 7.6
LK19-F7 73.098 -62.861 7.8
LK19-F8 73.171 -62.745 8.3
LK19-F9 73.390 -62.416 8.1
LK19-F10 73.914 -61.579 8.1
LK19-F11 74.236 -61.032 8.9
LK19-F13 74.306 -69.956 6.1
LK19-F14 74.417 -70.456 6.1
LK19-F15 74.509 -70.870 6.2
LK19-F16 74.619 -71.370 7.0
LK19-F17 74.782 -71.914 7.0
LK19-F18 74.958 -72.334 7.0
LK19-F19 75.131 -72.642
LK19-F20 75.299 -72.844 6.8
LK19-F21 75.448 -72.992 6.8
LK19-F22 75.604 -73.129 6.6
LK19-F23 77.181 -71.504 6.6
LK19-F24 77.269 -70.780 6.6
LK19-F25 77.314 -69.958 6.2
LK19-F26 77.363 -69.185
LK19-F27 76.715 -72.475
LK19-F28 76.605 -71.888

S average
32.1
31.9
30.3
32.1
30.0
30.1
30.2
31.0
31.1
30.3
31.5

amount filtered (l)

5.8
6.1
5.5
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Seismic data
Preliminary assessment of data quality
The overall data quality is considered to be excellent. The small GI-gun performed well and the
small group spacing and shot interval resulted in very good high resolution imaging of the upper
100s of ms below seabed. This is also the case on the shelf where there were some initial
concerns about penetration below the hard seabed. The main complication with processing the
data is the rough seabed on the shelf, which is marked by significant short wavelength variations
from glacial scouring and iceberg plough marks. Many of the lines in these areas show
diffractions and dipping energy that cross-cut the stratigraphy. These are mostly likely out of
plane energy from the rough seabed and are difficult to eliminate on this type of high resolution
data. More intensive and careful processing of specific problem areas would be required than
can be achieved at sea.
Recommendations for further processing
There was limited time available to fully test various processing options and the final images still
show considerable migration noise that further processing could help to eliminate. In addition,
no deconvolution was done and no attempt was made to convert from minimum/mixed phase
to zero-phase. It was felt that this would best be done post-cruise so that the zero phasing for
horizon picking could be done in a way that is consistent with the commercial data from the
region. This step should also involve carefully checking the timing delays noted earlier.
Seismic results and preliminary observations
The seismic reflection provides enhanced resolution in the top 500 m sedimentary section,
complementary to the existing industry data. The new data thus fulfils the objective of providing
high-resolution profiles applicable for the refinement and selection of additional sites for the
CENICE deep drilling campaign anticipated in 2022 (Knutz et al.; 909Full-2).
The outcome was in overall agreement with the original plan except that survey area D was
omitted due to the delayed mobilization. The ships turning time during seismic acquisition took
longer than expected since after an incident on the 24th August (Appendix 1) in which the
streamer became entangled in the airgun mountings it was decided preferentially to take
starboard turns. Acquisition of the final line, profile 6b, was interrupted by a streamer
communication failure (Appendix 2). On the other hand, profiles 2b and 3 were extended farther
northeastward than originally planned. Examples of processed seismic reflection profiles, over,
or in vicinity of, proposed IODP drilling sites are shown in Figures 17 to 20.
The best strata penetration and resolution was obtained by the seismic sections acquired in
deep-water (Lines Area A-B, Profile 1 and 2a). These sections image a series of aggrading
sedimentary drifts, up to 600 m thick, intersected by downslope channels (Fig. 17). Buried
channels, marked by high-amplitude reflections, are also observed. The stratified channel-drift
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sequence is underlain by high-amplitude, discontinuous and chaotic seismic facies interpreted
as mass-flow deposits. Occasionally bright amplitude anomalies in opposite phase to seabed are
observed which may suggest the presence of shallow gas.

Figure 17a. Map indicating position of long seismic profiles and detailed survey areas (A, B, C,
E, F). Seismic examples shown in Figs. 17b and 18-20 are highlighted.
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Figure 17b. Section from Profile 1 (NW-SE) across area B and proposed drilling site MB-1C.
The seismic sections obtained over the shelf margin were strongly influenced by a hard,
compacted seabed and near-seabed unit that were commonly incised by ice scours and likely
consisting of coarse-grained diamicts (Fig. 18-19). Mounded wedges are often observed at or
near the seabed, displaying hummocky and/or incised reflections with reflection scattering
below (e.g. cross-cutting or parabolic geometries). These features are interpreted as terminal
moraines or grounding zones deposits, probably associated with ice-front dynamics during the
most recent glacial or deglacial stage (Newton, et al. 2017). The aggradational sediment package
is intersected by several glacial unconformities. Onlap of flat-lying continuous reflections over
the unconformities may represent marine or glacial-marine sediments. The base of the
aggradational package is marked by an erosional transition to a km-thick succession of
prograding through-mouth fan sediments below (Knutz et al. 2019).

Fig. 18. Detailed section from Profile 1 (SW-NE) across survey area E in vicinity of site MB-4.
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The seismic data collected over the mid-shelf regions displays a gradual thinning of the glacial
prograding wedge (Fig. 19). The underlying sedimentary strata provides key drilling targets
aimed at paleoclimate reconstruction prior to onset of major shelf-based glaciations. Seismic
sections covered by profiles 2b, 3, 4 and 5 reveal a buried complex of mounded and wave-form
deposits. These features are interpreted as marine contourites of likely latest Miocene to
Pliocene age that have accumulated along a prominent fault-associated escarpment (Fig. 16)
(Knutz et al. 2013). The northernmost sections, covered by profile 2b, 3 and site 7_Cross_line,
display continuous basin strata, presumably Miocene in age, with reflections offset by closely
spaced faults (Fig. 20). While these glacially truncated deposits are also recognised on industry
data, the new high-resolution profiles provide additional information that will benefit the
assessment of existing and complimentary sites for deep coring.

Fig. 19. Detailed section from Profile 5 (NW-SE) across proposed IODP drilling site MB-6C.

Fig. 20. Section from Profile 3 (SW-NE) in vicinity of proposed IODP drilling site MB-7A. Note
thick package of highly continuous strata, presumably deposited in a deep marine setting.
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Multibeam bathymetry data
Preliminary results and further analysis
There was no dongle for processing bathymetry on board the ship, hence the only QC available
was the online display on the Naviscan showing a seabed heavily influenced by crosstalk from
the sub-bottom profiler. On depths <800 m the data looked OK with detailed seafloor features,
such as iceberg ploughmarks or slumps, being ascertainable. On depths >2000 m only a few
degrees away from nadir can be seen and at a first glance the resolution was substantially
reduced. At some locations, where the Innomar was turned off, we observed an increase in the
quality of the multibeam backscatter image. However, most of the multibeam data was acquired
simultaneously with Innomar data. Despite the reduced imaging, it provides seafloor depth
information that will be important for the final processing of the seismic reflection data.
After the cruise, the MBES data, recorded in NaviScan (*.sbd) will be processed. Processing will
include (1) reducing outliers caused by the sub bottom profiler, (2) ray-tracing from the sound
velocity profiles, and (3) gridding and further noise reduction of the DTM.

Sub-bottom profiler investigations
Preliminary results
More than 1000 km of shallow SBP data were acquired during the research cruise and 13 stations
for sediment sampling were identified from the surveying. The data cover a wide range of
different geological provinces across the western Greenland Shelf but can roughly be subdivided
into:
1. deep sea basin floor: parallel, sub-horizontal mud draping > 20 m thick;
2. deep water channels: very poor SBP penetration due to coarser grained infill;
3. base of slope mud flows: 5-10 m thick mud flow units;
4. basin slope: 3-7 m drape of fine grained sediments (stratified to transparent seismic facies)
on the gentle slope in Baffin Bay;
5. ice-berg plough-marked areas: poor SBP penetration, scoured seafloor, 600-300 m water
depth (shelf);
6. faulted basement/glacial sills?: high topography areas with steep seafloor, some deeper
inclined reflections;
7. fjord mini basins: smaller local basins in between basement highs, filled with stratified
sediments.
Further analysis
After the cruise, the SBP data will be processed in order to optimize the imaging of the
subsurface. Processing will include noise reduction in both LF and HF channels for instance by
stacking and smoothing. After processing, the data will be re-loaded in a seismic interpretation
software, where further analyses and interpretation of the data will be carried out in order to
identify and differentiate varying seafloor morphologies and substrates for the western
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Greenland Shelf. The SBP data will be used in conjunction with the gravity cores to constrain
lithologies and selected morphologies.

Water column data
In the absence of a CTD instrument, the RapidCast probe proved to be a valuable tool for
obtaining water column data in the form of seawater velocities and temperature (Tsw). The
results show distinct changes in Tsw profiles with location and total bathymetry depths (Fig. 21).
The two coring stations in Inglefield Bredning (ST4, ST5) stand out by displaying a deeper warm
surface layer (Tsw of >3 C° down to 70 m). This signature it is likely derived from the northward
advection of Atlantic temperate waters by the West Greenland Current along the coast and into
the fjord systems. Below the surface layer, the two distinct depth trends are observed: (i) Basal
Tsw converges toward a cold bottom water end-member (<0.5° C) below 400 m depth with a
local maximum of 0.5-0.1° C between 300-400 m. This is seen for ST4, ST5, ST6, ST13 and possibly
ST7, representing fjord and shelf water masses. (ii) Basal Tsw converges toward cold bottom
water but with a broad local maximum of 1.5-2.0° C between 300-600 m. This trend is shown by
ST8, ST10, ST11 and MB slope characterizing slope and intra-basinal water masses of northern
Baffin Bay. The gradual increase in Tsw below ~150 m depth is attributed to intermediate water
masses of likely Atlantic origin. For the deep water stations this inflow seems more prominent.
ST12 describes a trend that is somewhat different by showing a fairly steep transition to the
warmer intermediate waters.
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Figure 21: Temperature profiles obtained with Rapidcast at the different coring stations. Note
that depth is recorded in pressure (mBar) which approximately corresponds to meters.
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Fieldwork on Carey Islands
The purpose of the land-based fieldwork were threefold: 1) to collect samples for surface
exposure dating to determine the deglaciation of the Islands, 2) to collect soil samples for eDNA
analysis to for the Arctic Microbiomes project, which aims to catalogue the genomic diversity of
microbes in Arctic soils and investigate their response to climate change, and 3) to collect
samples of raised marine deposits for biomarker analysis and radiocarbon dating.
On the morning of September 6th, we sailed with Lillebror (zodiac) to Isbjørne Ø and climbed to
the top 140 m a.s.l. Three bedrock samples were collected with a rock saw (Fig. 22) (GL19011903) and one cobble sample was collected directly on bedrock. In addition, two soil samples
were collected close to the pick-up site at c. 10 m a.s.l. (Site 1) and close to the flag pole 140 m
a.s.l. (Site 2).

Figure 22: Nicolaj cutting a bedrock sample on top of Isbjørn Ø. HDMS Lauge Koch at anchor
in the background. Insert: bedrock sample removed with hammer and chisel.
In the afternoon of September 6th we sailed past the known locations with raised marine
deposits on Isbjørne Ø, Mellem Ø and Nordvest Ø (Svend Funder, pers. communication). We
located the most promising site at Isbjørne Ø and made three profiles into the middle part of
the c. 20 m thick succession of marine deposits (Site 3). Previous investigations from this site
have documented two units; c. 10 m of Holocene deposits above c. 10 m of deposits (Kelly et al.,
1999) although the existing OSL, TL and 14C ages could suggest a younger potentially MIS3 age.
The upper part consisting of large rounded boulders from the Holocene where impossible to
excavate. In the lower part it was possible to make three profiles (Sites 3A, 3B, 3C) and a several
sediment and shells samples were collected from each of the profiles (Figure 23) for biomarker
analysis and radiocarbon dating. Furthermore, one soil sample for eDNA analysis were collected
from the top of the Holocene marine deposits c. 20 m a.s.l. (Site 3, Figure 23).
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Sample inventory:
Arctic Microbiomes project
Site 1, sample 1-5; 76.72427; -073.04452
Site 2, sample 1-5; 76.72611; -073.05586
Site 3, sample 1-5; 76.73255; -073.04749
Surface exposure dating (Site 2)
GL1901-1903 – bedrock samples
GL1904 – cobble sample
Marine deposits on Isbjørne Ø (Site 3), see also Figure 23.
Site 3A – three sediment samples
Site 3B – three sediment samples
Site 3C – one sediment sample
Additional several samples of shells were collected on the surface.
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Figure 23: Map and photographs of location of raised marine sediments on the southern coast
of central Isbjørn Ø. The letters indicated on the different profiles correspond to the
description in the text.
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Appendix 1: Daily Summary Reports
Saturday 17 Aug
The first group of the science team, consisting of JRH, PKN, PT, LGR and HR, arrived in Aasiaat at ~14:00 to prepare
for the mobilization. The role of PT was to organize the mobilization and then return to DK after a successful test of
all the equipment. The late afternoon was spent inspecting the containers and material. LAKO arrived in the evening
and anchored outside Aasiaat habour.
Sunday 18 Aug
At 08:40 the first science party was transported to the ship by a SAR boat. The original plan was that the scientific
cargo, consisting of the A-frame and three containers, respectively housing airgun compressors, coring equipment
and laboratory, would be loaded onto LAKO on 18/8. However, due lack of slot time at the main loading quay (e.g.
priority given to a passenger ship) it was not possible for LAKO to dock before Monday 19/8, eventually causing a
~24 hours delay in departure. The day was spent on the handover of the Multibeam equipment, installing the
RapidCast, and preparing the deck space for containers etc. The remaining part of the scientific crew - CP, NNP, KJA,
NKL, HD, KEH - arrived in Aasiaat around noon but stayed ashore.
Monday 19 Aug
The arrival for LAKO at the Royal Arctic Line quay was scheduled for 13:00 but was delayed 1 hour as the quay was
occupied. From around 14:00 loading began and lasted until 17:30. In this process containers, winch and A-frame
were arranged and cabling work begun, all under instruction by PT. The remaining scientific crew arrived onboard
LAKO at dinner time (17:30) and afterwards the Banjemester held a briefing on ship routines and emergency rules.
Cabins were allocated. 20:00 a brief meeting was held between Ships master and Next in Command (NKO),
Navigation Officer (NO) and the Chief Scientists (CP, PKN) sketching out the overall plan and work routines. It was
agreed that each day would start with a briefing between one of the chief scientists and the Bridge on the days
work program. Work on deck continued after dinner and lasted until 22:00.
Tuesday 20 Aug
After breakfast, 8:30, a brief meeting was held between the scientists to keep everyone a jour of the progress.
Essentially, the goal was to finalize mobilization so that the equipment and data collection could be tested prior to
transiting to the first survey area. The various deck-related work tasks, e.g. setting up cables, emptying containers,
organizing equipment, installing IT. In the afternoon the power cables between the containers and the ships power
supply was connected. This was followed by connecting the hydraulic hoses controlling the winch and the A-frame.
Here problems were encountered caused by remaining pressure in the large A-frame pistons. Only after manually
releasing the pressure from the system could all the hose valves be connected to the A-frame hydraulics unit.
Another issue concerned getting a stable intake of cooling waters to the compressors since as it turned out the
pump we brought was faulty. The solution was to use the ships secondary seawater system (the main is for fire
hoses). At ~21:00 mobilization was completed and at 22:00 hours LAKO departed from Aasiaat setting a course
northeastward into Disko Bugt. At around 22:30, the seismic equipment (streamer cable, airgun and airgun cable)
was deployed, under PT’s supervision, and subsequently a test line was run. After testing that the seismic set up
and the full data acquisition (airgun seismic, Innomar, multibeam) was working satisfactory, the seismic equipment
was recovered. At around 01:30 the deck was cleared.
Wednesday 21 Aug
Transit. Late previous night (~03:00) PT was transported by SAR boat to Ilullisaat to reach a flight later the same
day. The scientists met after breakfast for a briefing on the time schedule and operation plan for seismic acquisition.
Accordingly, the ship would arrive at the first position (Area A) at 03:00 the following day. However, at 09:23, while
steaming through Vaigat, LAKO received a SAR and was ordered to return and set course for a position south of
Aasiaat. Then at 15:09 the SAR was called off, and from its position in the central Disko Bugt, LAKO took a
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northwestward course around Disko Island and into Baffin Bay. ETA at survey area A was 15:00 hours on 22/8 thus
delaying the onset of seismic acquisition with 12 hours.
Thursday 22 Aug
Transit and onset of seismic surveing in Area A. At 7:50 PNK briefed the Captain and Officers on bridge on the days
work program, which from then on would be a daily event. A scientific crew meeting was held at 08:00 focussing
on the seismic acquisition that was expected to start in the late afternoon. The issues arising were the battery life
time of the GPS units in the buoys of the airgun and streamer, respectively. The exact life time is not known but
could be 2-4 days or even more. LGR suggested that to be on the save side, we should change the batteries two
days after deployment. However, a 2-3 m swell forecasted for the 24/8 - 25/8 could make that difficult. In case the
batteries would run out we would have to rely on the GPS measurements from the Lab Container, and then estimate
the source and receiver geometries. Another issue was when to start assembling the gravity corer on deck. Since
weather looked fair after the 25/8 it was decided to wait with that until the 26/8 or 27/8. Coring at area B was
planned to start in the morning on 29/8 and finish around midnight on the 30/8. To ensure a fast turn-around the
gravity corer would be prepared and made ready for action during the day of the 29/8. In the afternoon PKN
arranged the sail plan with the NO, followed by PKN, JRH and KJA meeting with NO on setting the sailing routines
for the seismic deployment, acquisition and recovery. We then started preparing for deployment of seismic
equipment. Around 15:30 equipment was in the water and at 16:10 recording began at SOL A1. The data quality,
checked on the brute stack monitor but also in a Kingdom Suite display after a simple bandpass filtration, looked
good. Seismic watchstanders less familiar with seismic surveying were introduced to the routines by KJA and JRH.
Friday 23 Aug
Surveying continuing in Area A during the early hours. Acquisition on Profile 1 began 8:40. An issue arising was that
the front “bird” did not sink but was dragged at surface. On the turn between EOL Profile 1 and Line B1 the tow
rope and streamer cable was slacked with 10 m thus easing the upward drag on the streamer. Subsequently, the
front bird stayed below the surface. During the evening the wind speed picked up to 10-11 m/s accompanied by 2.0
– 2.5 m waves coming from S-SSW but crappy (sea state 3).
Saturday 24 Aug
Continuing surveying in Area B, Profile 2b and beginning in Area C. At around 02:00, as the ship was making a
starboard turn from line B9 to B10, the streamer rope got entangled into the airgun chains, as the airgun bouy was
pushed toward portside (Appendix 2). This was noticed immediately by one of the watchmen and action was taken
to recover the equipment; an operation that was made difficult both by the poor weather and the night time. After
inspecting the streamer the equipment was deployed as it seemed the wind had peaked and it was safe to continue.
As the next line (Profile 2a) was gathered, current leakage in the streamer was indicated on the Geometrics display.
However, since we were getting good data there was no reason interrupt the acquisition. During the early morning
the wind died down a little but picked up again. Around 11:00 the ship had to circumnavigate an iceberg, passing it
within 200 m on the port side. As we transgressed the continental slope, the shot interval was changed from 4 to
2.5 pr sec and recording length from 3.5 to 2 s. At 16:00 we ended Profile 2b and began acquisition of short lines in
Area C. At that time the wind was still at 11-12 m/s with 2-3 m waves (sea state 3). To avoid the problems with the
airgun bouy being pushed toward the streamer cable by the swell coming from south, the survey plan for Area C
was modified so all turns were toward portside and with long run- ins. This turning routine was taking more time,
but to keep the equipment safe it was maintained throughout the remaining survey. Around 20:00 the shot time
was reset to 4 due to uncertainty on whether both gun chambers were firing at 2.5 s.
Sunday 25 Aug
Continuing seismic survey in Area C and starting on the long Profile 2b. During the night the wind had decreased
and the swell become more regular with a longer wavelength. By 9:46 we finished the last line in Area C and
acquisition could begin on Profile 2b, which had been slightly extended to cover site MB-1C. Line C9 had been
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omitted to save time for the remaining survey. Instead, priority was given to extending Profile 2b and 3 farther
northwards and connecting them with a short (6 km) cross-section that would intersect site MB-7A (Line Cross_MB7a).
Monday 26 Aug
Continuing acquiring Profile 2b, followed by Profile 3 via Line Cross_MB-7a. En route we crossed site MB-5C. Survey
area E was reached at ~20:00, with detailed surveying lasting the rest of the evevning. At 19:20 the batteries of the
airgun GPS ran dry. Sea state was calm (Sea state 1).
Tuesday 27 Aug
Surveying in Area E was concluded, profile 4 was collected and then we continued along Profile 5, and subsequently
profile 6a. Leakage from streamer was indicated on the Geometrics receiver monitor, although highly variable
(between 1 and 819). The Geometrics unit fell out several times, when also an enhanced power supply was noticed.
The system came back after restarting the SPSU, but the intermittently high power consumptions and more noise
seen on some of the channels suggested that a section of the streamer was damaged. Nevertheless, we continued
to receive good data. Sea state was relatively calm with small waves (<0.5 m). At 20:15 the airgun was retrieved to
collect airgun GPS (loose) and replace one of the shackle bolts. Around 21:30, soon after SOL of Profile 6a, a fault
on the airgun trigger unit occurred. LGR solved the problem, after consulting with PT via sat phone. It was caused
by a combination of two issues: a configuration file that had to be deleted, and a full hard drive. As a consequence
we got a data gap right at the intersection between Profile 5 and 6a. It was, however, decided that we should not
turn around and restart acquisition, as it would jeopardize the time plan. During the evening and night we
experienced more wave activity (Sea state 2).
Wednesday 28 Aug
Acquisition in survey of Area F and seismic profile 6b. Two times we experienced fall-out on the
Geometrics/Reciever system requiring resetting but the data gaps were limited. About half an hour after we started
on Profile 6b, around 16:30, another fall-out occurred on the streamer/receiver system, this time associated with
increased power consumption on the SPSU. After several attempts to restart the system it was clear that the
streamer cable was failing and would require instant repair in order to continue the survey. Since we only had about
6 hours left to complete the planned survey (at EOL Profile 6b) it was decided to stop seismic data acquisition at
this point. The seismic equipment was recovered and a RapidCast (RC) measurement was carried out to a depth of
350 m (73° 20.32 N; 061° 44.14). A new course was set to take a direct transit to Area B. En route we took another
RC at a position close to the shelf edge (73° 06.04; 62°18.35 W; 780 m). Arrival at Area B around 23:30 and starting
on pre-core Innomar survey at EOL Profile 1.
Thursday 29 Aug
Pre-core Innomar survey in Area B and coring at stations 1, 2 and 3. To optimize the Innomar for a deep water
setting we tested how the signal responded to different sailing speeds and acquisition parameters. Then a section
was acquired at low speed (3 knts) along Profile 1, Profile 2a, Line B8 and Line B4. At 7:30 we arrived at Station 1
(corresponding to proposed IODP site MB-1C). A core was obtained recovering ~5 meters sediments. A RapidCast
measurement was carried out to 680 mwd. The ship repositioned to Station 2 (site MB-20A) that was gravity cored
and 5 m of sediment recovered. In the afternoon LAKO transited to Station 3 (Site MB-2C) where a gravity core was
obtained, again containing 4.8 m of sediment. A RapidCast profile was acquired at Station 2 to 900 m water depth.
At around 18:00 LAKO set a northwesterly course aiming for Site G. All waiting time on deck was used to reconfigure
the containers, and pack up all heavy seismics equipment. The sea state was gentle throughout the day with waves
<0.5 m.
Friday 30 Aug
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Wind started picking up during the night. Innomar survey around planned sites in the deep northern Baffin Bay. In
the morning, the waves and wind were too much to allow sediment coring, and the decision was made to simply
continue sailing north with the waves in the back while running the Innomar. The entire transect up the slope and
to the Carey Islands was tracked in the day and following night.
Saturday 31 Aug
The plan was to anchor south of Isbjørn Ø and go on land to take rock samples and look for raised marine deposits
on land. At 06:00, the Captain decided the waves were too high and we could not place the anchor. Instead we
sailed into Inglefield Bredning for shelter. We ran an Innomar track into the fjord following the deepest line, past
Qaanaaq. Shelter in the fjord made it possible to take sediment cores. Two cores were retrieved from the fjord (ST4
and ST5), both approx. 5 meters long. The core from Station 4 was retrieved from the gravity corer entirely and
immediately sampled for pore water from selected depths. After pore water extraction, the core was cut in sections,
split lengthwise and photographed. The split core was subsampled immediately after opening and the samples were
kept in the freezer.
Sunday 1 Sep
We arrived at Station 6 in the morning, in the channel south of the Carey Islands. The location of core 6G was
selected based on Innomar survey, aiming to capture a hard reflector approx. 4 meter bsf. The weather improved
throughout the day. An attempt was made to core on the shallower area between the channel and the northern
Baffin Bay. Both Innomar and multibeam indicate iceberg scouring in all directions. A minor potential coring area
was identified, but the coring attempt was not successful at ST7. About 20 cm of sand and gravel was retrieved in
the gravity core. The core catcher sample was kept, but the rest of the sample was discarded. After dinner, the
weather improved further and when we reached Station 8 there was a minor swell left. The gravity core came up
with ca 20 cm stiff mud sticking out of the core catcher, but the core inside seemed undisturbed. We drifted a bit
from station during gravity coring, so we returned to the same position for the Rumohr Core. We took a Rapidcast
temperature profile at every station.
Monday 2 Sep
Three stations for coring were planned for this day, in water depths between 1900 and 2400 in the deep Baffin Bay.
Sailing down the slope, several debris flow lobes were mapped with the sub-bottom profiler. The final station is
situated in the deep Baffin Bay at 2340 m water depth where the Innomar data indicates thick laminated deposits
of >30 m.
Tuesday 3 Sep
Sailing back north along the same track as before, to fill in cores to complete the transect. The first core at 1580 m
water depth came up with 380 cm sediment, no Rumohr cores were taken to save time to go to the next station.
The mid-day station was cancelled because a detailed Innomar Survey showed no clear indication of laminations in
the shallow sediments. We returned to Station 8 to expand this station for geomicrobiology sampling. An additional
gravity core (14G) and 2 Rumohr cores were retrieved, all within a small distance of the original Station 8. The
gravity core came up a little shorter than the original ST8-8G core and was stopped by gravel (found in the core
catcher). The cores were subsampled for pore water, split lengthwise, sampled for sediments and photographed.
Work continued in the lab container until about 3 AM the next day.
Wednesday 4 Sep
The track of this day was steered by the need to pick up an additional crew member in Qaanaaq. An officer in
training arrived by plane around 17:00 and needed to be picked up by LAKO. To complete the existing coring transect
in Inglefield Bredning (31 Aug: Station 3 and Station 4), an additional core site was planned outside the fjord in the
deep waters in front of the outer sill. An Innomar survey was planned, taking existing sites in account (HU91-12P
and HU08-30P). The aim was to map an area where the post-glacial deposits are approx. 5 meters thick so the entire
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sequence could be retrieved with the gravity corer. Core 17G was 465 cm long and presumable contains only
Holocene. The core was split and photographed, see appendix. After the pick up in Qaanaaq, we went back to
Station 4 to collect 2 Rumohr cores to complete the station we started on a few days earlier. One Rumohr core was
subsampled for pore water, but otherwise left intact. The other was sliced in 10 cm intervals.
Thursday 5 Sep
In the early morning we anchored at Carey Islands, outside Isbjørn Ø. The weather conditions were ideal for a day
on land. 9 scientists were shuttled on land using a rubber boat (Lillebror) and together with a 2-person armed escort
we hiked to the top of the western peak on Isbjørn Ø. Here we collected several bedrock samples for exposure
dating purposes. At 3 sites, samples were retrieved for an environmental DNA monitoring study at KU. Everyone
returned to LAKO for lunch, and in the afternoon, 6 scientists were shuttled back to Isbjørn Ø for further fieldwork.
With the fast rubber boat, we sailed around Isbjørn Ø and Nordvest Ø, using cameras and binoculars to identify
potential raised marine deposits above the shoreline. Eventually we chose to go to a section on Isbjørn Ø, which
had been spotted during our morning visit. An attempt was made to dig out a section approximately 7 meters above
sea level. A distinct shell layer (Hiatella arctica?) was sampled for dating purposes. Around 21:00, LAKO left the area
of the Carey Islands and started the long transit back south.
Friday 6 Sep
During the transit south, we worked on packing, cleaning, organizing data, and preparing the cruise report. We also
completed a small survey in the southeast of our study area where interesting features were identified from
previous seismic surveys. Two hours of Innomar and multibeam survey showed a central mound with depression
around it. Transit continued south towards Aasiaat.
Saturday 7 Sep
The day started with a final meeting where we discussed all the remaining work (deck, lab, report, data sharing etc).
The lab container was cleaned out and organized, all safety suits and boots were rinsed off and dried before packing
for shipment. Around 16:00 we reached the northern part of Disko Island and sailed into Vaigat, where we collected
the final Innomar profile all the way back to Aasiaat.
Sunday 8 Sep
After a few hours delay during the night due to a SAR-mission which was resolved quickly, LAKO arrived in Aasiaat
around 09:00. Per Trinhammer came on board and aided Hans and Lars with the final demobilization. All hydraulics
to the winch and A-frame were disconnected, containers detached and all equipment and samples were craned to
the dock. To reach the storage container on the port side, the ship needed to turn around at the dock. All scientists
stayed on LAKO for lunch, and left the ship around 14:00. Check-in at Sømandshjemmet.
Monday 9 Sep
The extra day in Aasiaat was used to work on the cruise report
Tuesday 10 Sep
Return to Denmark. All scientists were back home in Copenhagen and Aarhus around midnight.
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Appendix 2: Seismic log table
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Appendix 3: Sediment cores overview map
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1852 2.1.19 08:59
2140 2.1.19 13:29

2340
1580
704
705
705
885
939

LK19-ST9-10G 74.1172 -69.1920
LK19-ST10-11G 73.8241 -68.0332

73.6119
74.3426
75.2184
75.2189
75.2191
76.8459
77.4052

77.4052 -68.4623

LK19-ST11-12G
LK19-ST12-13G
LK19-ST8-14G
LK19-ST8-15R
LK19-ST8-16R
LK19-ST13-17G
LK19-ST4-18R

LK19-ST4-19R

-66.8617
-70.1171
-72.7524
-72.7537
-72.7536
-71.8907
-68.4623

382 1.9.19 13:44
710 1.9.19 18:54
710 1.9.19 20:05

75.9354 -73.3962
75.2186 -72.7513
75.2186 -72.7513

LK19-ST7-7G
LK19-ST8-8G
LK19-ST8-9R

18:56
08:49
17:09
18:55
19:24
10:31
20:30

939 4.9.19 21:05

2.9.19
3.9.19
3.9.19
3.9.19
3.9.19
4.9.19
4.9.19

632 1.9.19 09:02

76.5627 -73.3341

LK19-ST6-6G

Time
08:30
11:30
17:00

936 31.8.19 16:45
907 31.8.19 21:01

Lon Depth
(dec)
(m) Date
-63.0048 1800 29.8.19
-63.0639 1922 29.8.19
-63.7912 1992 29.8.19

77.4048 -68.4625
77.2779 -70.5488

Lat
(dec)
73.0003
72.9120
73.1154

LK19-ST4-4G
LK19-ST5-5G

LK19-ST1-1G
LK19-ST2-2G
LK19-ST3-3G

Core Name

124

333
380
442
77
67
465
114

407
344

25 456.5
87.5

456

543.5
383.5

1 AU

4 AU
4 AU
5 AU
1 AU
1 AU
5 AU
1 AU

4 AU
4 AU

AU
5 AU
1 AU

5 AU

6 AU
4 AU

Length
#
(cm) sections Destination
495
5 GEUS
507
5 GEUS
484
5 GEUS

Sampled
/ Intact
Comments
Intact
Top 10 cm disturbed (in sec 5)
Intact
Top 7 cm disturbed and placed in separate bag
Intact
Surface 10cm disturbed
Top 2 cm in a seperate bag, working half is sub-sampled
for microbio, porewater samples taken
Split
Intact
Core catcher in bag
Top section (5) disturbed. Not mixed entirely but shaken up...
Good enough for samples, not for PB dating..
Intact
sand and gravel with 1-10 cm clasts, some wormtubes,
Overboard core catcher in a bag
Intact
minimal surface disturbed
Intact
intact surface. Oasis top and bottom
Surface is slightly disturbed. Sec 1 contains 6 cm of plastic filling
in the bottom. It needs to be cut of at home.
Intact
Intact
No core catcher sample. Surface 5cm missing, but rest is undisturbed.
No core catcher sample. Top 15 cm heavily disturbed and placed
in a separate bag
Intact
Intact
Core catcher in a bag.
Split
Core catcher in a bag. Working half sampled for microbio
Intact
Pore water sampled but core is intact. The holes are taped.
Consumed Fully pushed through and sub-sampled for geomicrobio
Split
Described and photographed. Core catcher in bag
Intact
Pore water sampled but core is intact. The holes are taped.
Chopped into 12 x 10cm samples (use for compound specific isotopes?)
Bottom 4 cm lost
Sliced

Appendix 4: Sediment coring summary

Appendix 5: Sediment core photographs/descriptions
LK19-ST4-4G

53

LK19-ST8-14G
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LK19-ST13-17G
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Appendix 6: Innomar sub-bottom transects across the coring stations
LK19-ST1-1G, transect SE to NW:

LK19-ST2-2G, transect SW to NE:

LK19-ST3-3G, transect NW to SE:

LK19-ST4-4G, W to E
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LK19-ST5-5G, W to E

LK19-ST6-6G, S to N

LK19-ST7-7G, S to N

LK19-ST8-8G, S to N

LK19-ST9-10G, SE to NW
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LK19-ST10-11G, NW to SE

LK19-ST11-12G, NW to SE

LK19-ST12-13G, S to N

LK19-ST13-17G, S to N
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Appendix 7: Ferrybox data and water filter stations
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