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 155 

Figure 2. Study area with the bathymetric data showing the locations of the sediment cores presented in this study. 156 
The lower panel is a profile along the length of Bessel Fjord, A-Aô. Sediment cores are labelled I, II and III. Satellite 157 
image is displayed using a World Imagery satellite image (Earthstar Geographics, Esri, HERE, Garmin, FAO, NOAA, 158 
USGS) made available through GlobalMapper. 159 

 160 



ghf660
Cross-Out

ghf660
Inserted Text
cal. ka

ghf660
Sticky Note
Insert reference



ghf660
Highlight

ghf660
Highlight

ghf660
Highlight

ghf660
Highlight

ghf660
Highlight

ghf660
Highlight

ghf660
Highlight

ghf660
Highlight

ghf660
Sticky Note
These are cosmo ages and should be referred to as ka or ka ago

ghf660
Cross-Out

ghf660
Inserted Text
ka ago

ghf660
Cross-Out

ghf660
Inserted Text
ka ago

ghf660
Cross-Out

ghf660
Inserted Text
ka ago

ghf660
Cross-Out

ghf660
Inserted Text
ka

ghf660
Cross-Out

ghf660
Inserted Text
ka ago

ghf660
Sticky Note
They are all cosmo ages i.e. ka



ghf660
Cross-Out

ghf660
Inserted Text
ka

ghf660
Cross-Out

ghf660
Cross-Out

ghf660
Inserted Text
ka ago

ghf660
Cross-Out

ghf660
Inserted Text
cal. ka

ghf660
Cross-Out

ghf660
Inserted Text
cal. ka

ghf660
Cross-Out

ghf660
Inserted Text
cal. ka.

ghf660
Cross-Out

ghf660
Inserted Text
cal. ka.

ghf660
Cross-Out

ghf660
Inserted Text
cal. ka

ghf660
Inserted Text
F

ghf660
Cross-Out

ghf660
Inserted Text
L

ghf660
Inserted Text
cal. ka

ghf660
Cross-Out

ghf660
Inserted Text
cal. ka

ghf660
Cross-Out

ghf660
Inserted Text
cal. ka.

ghf660
Sticky Note
Why mention it?

ghf660
Cross-Out



9 
 

Table 2. Information on the position, water depth and recovery length of each gravity core. Note that the core names 244 
are abbreviated in the text. 245 

Location Inner Bessel Fjord Mid-Bessel Fjord Southeastern Dove Bugt 

Coring station HH17-1290 HH17-1289 HH17-1309 

Latitude [N] 75° 58' 34.5907" 75° 58' 11.4928" 76° 01' 34.0387" 

Longitude [W] 21° 07' 13.1055" 21° 41' 48.0278" 19° 34' 31.3190" 
Water depth 
[m] 372 225 512 

Recovery [cm] 534.5 245.5 474.55 

 246 

Molluscs and benthic foraminifera were recovered from each core for the purpose of 247 
radiocarbon dating of lithofacies boundaries. This was, however, not always possible due to the 248 
low content of foraminifera and molluscs in these cores which also restricted the number of 249 
dates that could be obtained. Two adjacent 1 cm thick sediment slices were successfully 250 
sampled from select positions across cores HH17-1290 and HH17-1309. Samples were then 251 
wet sieved at 1 mm, 100 ɛm and 63 ɛm meshes, respectively. Benthic foraminifera from the 252 
100-um size fraction were extracted for radiocarbon dating. Radiocarbon dating was carried out 253 
at the MICADAS radiocarbon laboratory at Alfred Wegener Institute, Helmholtz Centre for Polar 254 
and Marine Research, Germany. The radiocarbon dates were calibrated using the online 255 
version of OxCal 4.4 (https://c14.arch.ox.ac.uk/oxcal.html#program) and the Marine20 256 
calibration curve (Heaton et al., 2020), as the calibrated 14C samples are younger than 11.5 ka 257 
cal BP (Heaton et al., 2022). We are using a ȹR of -10 ± 60 in conformity with Jackson et al. 258 
(2022). Previously reported radiocarbon dates from this area that are relevant to our study have 259 
been recalibrated using Marine20 for marine samples under 11.5 ka and IntCal20 for terrestrial 260 
samples (Reimer et al., 2020). One marine sample older than 11.5 ka cal BP has also been 261 
included (Table 3). We are aware that for the Arctic, including our study area, calibration of 262 
marine samples by Marine20 is not recommended for samples older than 11.5 cal ka BP (see 263 
Heaton et al. (2022)), therefore, this calibrated age is treated with caution.  264 

A Beckman Coulter LS 13 320 Multi-Wavelength Laser Diffraction Particle Size Analyzer was 265 
used to perform sediment grain size analysis. Sediment was sampled in mostly 10 cm intervals 266 
across HH17-1309, where samples taken from the other two cores were selected from specific 267 
positions. Samples were treated in HCl and H2O2 and a pre-heated VWB 18 Thermal Bath. 268 
Samples were then cleaned using distilled water, placed through multiple runs through a 269 
centrifuge and heated in an oven to remove water content. Approximately 0.2 grams of 270 
sediment were then separated and placed in a container with 20 ml of water and moved to a 271 
shaking table for over 48 hours. A few drops of Calgon were added to each sample, which was 272 
then placed into a Branson 200 ultrasonic cleaner for ~7 minutes and shaken briefly before 273 
being poured through a >2 mm mesh and into the particle size analyzer. Grains between the 274 
size of 0.4 µm and 2000 µm were counted and underwent three separate runs. GRADISTAT 275 
Excel-software was used to calculate the mean of the three runs. Sediment names used in 276 
reference to this analysis are based on Folk (1954) and mean grain size from the methodology 277 
published by Folk & Ward (1957). 278 

 279 

 280 
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 332 

Figure 4. Bathymetric maps from SW Dove Bugt. (a) Seafloor relative to water depth with IBCAO 4.0 displayed in the 333 
background (Jakobsson et al., 2020). (b) The main landforms and slope angles of the seafloor in SW Dove Bugt. 334 
Locations of Figs. 4c-e are indicated. (c) Bathymetry of the northwestern section of the study area. (d) Bathymetry of 335 
the northeaster part of the study area. (e) Bathymetry of the eastern part of the study area showing irregularly shaped 336 
glacial lineations. 337 
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4.2. Sea floor landforms in Bessel Fjord 338 

4.2.1. Large scale geomorphology 339 

Bessel Fjord contains a variety of basins that are separated by different styles of sills (Figs. 2, 5 340 
& 6). The outermost sill is at the fjordôs entrance, and it commonly ranges in depth from 50 to 341 
200 m, with major sections reaching above (and near) the water surface as there are islands in 342 
the fjord entrance. Four large basins that are elongated in a west-east direction have been 343 
identified in Bessel Fjord (B1-B4). The deepest basin, Basin 1 (B1), is the closest to the fjord 344 
entrance and is separated from basin 2 (B2) by a >215 m high sill (M1) that is steeper to the 345 
east (Figs. 2 & 5). Basin 3 progressively deepens westwards, with a maximum depth of 380 m. 346 
A ~70 to 160 m asymmetrical sill (M3; Figs. 2 & 5) that is steeper on its east side separates 347 
Basin 3 from basin 4. Basin 4 is the shallowest basin (~280-300 m) and is adjacent to multiple 348 
smaller basins that are primarily at lower points of elevation. The fjord also contains smaller 349 
basins that are raised relative to the average seafloor depth (Fig. 6e). Features interpreted as 350 
bedrock mounds have also been identified in other sections of the fjord (Figs. 5 & 6). Along the 351 
fjord sides, landforms from sediment reworking including slide scars, channels and gullies have 352 
also been observed Fig 6b. 353 

4.2.2. Linear Ridges Oriented Along Fjord Axis- Glacial Lineations 354 

Oriented along the fjordôs axis (or at times slightly oblique to it), linear features have been 355 
identified in the inner and middle of the fjord, as well as a single lineation on the outer part of the 356 
fjord (Figs. 5 & 6). They range in size from 100 to 1000 m in length and ~3 to 9 m in height, 357 
although some that are as high as 80 m have been identified in the inner fjord. Their 358 
morphologies vary throughout the fjord, and their length to width ratios range from 2:1 to 5:1. 359 
Most ridges slope towards the outer fjord, although some slope in the opposite direction or have 360 
an irregular or flat top. They appear both independently in connection with inferred bedrock 361 
highs, and in clusters in flat lying areas of basin 3. These ridges have been interpreted as 362 
glacial lineations, and they are thus indicating the direction of former glacier flow. 363 

4.2.3. Transverse Ridges- Moraines 364 

Several transverse ridges have been identified in the inner and central portion of the fjord, 365 
oriented perpendicular to the fjordôs axis (Figs. 2, 5 & 6). The ridges in the inner most position of 366 
the fjord tend to largely conform to the topography (i.e., between bedrock mounds, some of 367 
which are position mid-fjord (M4-6; Fig. 6b), and the fjord sidewalls) and are the threshold 368 
between sub-basins (Fig. 6). The width and length of ridges range from 150 to 600 m and 120 to 369 
500 m, respectively, where their heights are between <5 to 58 m. 370 

A particularly large, asymmetrical transverse ridge that spans the width of the fjord, is situated 371 
between Basin 3 and 4 (M3; Figs. 2 & 6d). This ridge is ~1.5 km in width and between 72 to 162 372 
m in height. It contains a crescent shape in aerial view and is concave towards the mouth of the 373 
fjord. A large threshold with a 1.8 km width and a > 215 m height also separates basin 1 and 2 374 
(M1; Figs. 2 & 5). This feature is ~150m shallower in the north and dips steeply into basin 1. 375 

The transverse ridges have been interpreted as moraines, which would have formed during 376 
glacial stillstands or readvancements during the retreat of a grounded tidewater glaciers margin. 377 
These moraines do not fill the width of the innermost fjord, which has also been seen in inner 378 
Nordfjord (part of the Keiser Franz Josef fjord system) by Olsen et al. (2022). While the large 379 
transverse ridge M3 is believed to be a moraine, it is considered more likely that M1 is a 380 
bedrock mound based on its morphology. The smaller transverse ridges are interpreted as 381 
recessional moraines. Smaller moraines have the potential to form at ice margins annually 382 
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