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Abstract

The Greenland Ice Sheet (GrIS) responds rapidly to the present climate, therefore, its response
to the predicted future warming is of concern. To learn more about the impact of future climatic
warming on the ice sheet, decoding its behavior during past periods of warmer than present
climate is important. However, due to the scarcity of marine studies reconstructing ice sheet
conditions on the Northeast Greenland shelf and adjacent fjords, the timing of the deglaciation
over marine regions and its connection to forcing factors remain poorly constrained. This
includes data collected in fjords that encompass the Holocene Thermal Maximum (HTM), a
period in which the climate was warmer than it is at present. This paper aims to use new
bathymetric data and the analysis of sediment gravity cores to enhance our understanding of ice
dynamics of the GrlIS in a fjord and inner shelf environment as well as give insight into the timing
of deglaciation and provide a palaeoenvironmental reconstruction of southwestern Dove Bugt
and Bessel Fjord since the Last Glacial Maximum (LGM). North-south oriented glacial
lineations, and the absence of pronounced moraines in southwest Dove Bugt, an inner
continental shelf embayment (trough), suggests the southwards and offshore flow of
Storstremmen, the southern branch of the Northeast Greenland Ice Stream (NEGIS).
Sedimentological data suggests that an ice body, theorized to be the NEGIS, may have
retreated from the region slightly before ~11.4 cal. ka BP. The seabed morphology of Bessel
Fjord, a fjord terminating in southern Dove Bugt, includes numerous basins, separated by
thresholds. The position of basin thresholds, which include some recessional moraines, suggest
that the GrIS had undergone multiple halts or readvances during deglaciation, likely during one
of the cold events identified in the Greenland Summit temperature records. A minimum age of
7.1 cal. ka BP is proposed for the retreat of ice through the fjord to or west of its present-day
position in the Bessel Fjord catchment area. This suggests that the GrlS retreated from the
marine realm in early Holocene, around the onset of the HTM in this region, a period when the
mean July temperature was at least 2-3 °C higher than at present and remained at or west of
this onshore position for the remainder of the Holocene. The transition from predominantly mud
to muddy sand layers in a mid-fijord core at ~4 cal. ka BP may be the result of increased
sediment input from nearby and growing ice caps. This shift may suggest that in the Late
Holocene (Meghalayan), a period characterized by a temperature drop to modern values, ice
caps in Bessel Fjord probably fluctuated with greater sensitivity to climatic conditions than the
NE sector of the GrlIS.
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1. Introduction

Ice mass loss from the Greenland Ice Sheet (GrIS) has accelerated during the 21 century,
making it the largest individual contributor to sea level rise (King et al., 2020). This introduction
of a substantial quantity of fresh water may have ramifications for global ocean circulations as
well as the climate (Rahmstorf et al., 2015). Approximately 12% of the ice from the GrIS is
transported to the coast through the Northeast Greenland Ice Stream (NEGIS) (Khan et al.,
2014; Joughin et al., 2001) and therefore has a substantial impact on the mass balance of the
ice sheet and a potential to contribute to sea level rise. Currently, two of the three marine
terminating outlet glaciers that are supplied by the NEGIS are in retreat (Mouginot et al., 2015),
where the southernmost branch, Storstrammen in Dove Bugt (Figs. 1a & 1b), is currently in a
building phase following a 1978-1984 surge (Khan et al., 2014; Reeh et al., 1994). While there
are numerous studies on the current state of the NEGIS during the past decades to century,
there is a scarcity of data concerning the position and dynamics of the ice stream, and other
local Northeast Greenland outlet glaciers, on a multi-century to millennia scale over marine
regions. Considering that the global mean temperature is expected to continue to rise (Stocker
et al., 2013), and that the Arctic will experience an amplification effect (Cohen et al., 2014),
looking to the past, especially during warmer than present periods (i.e., the Holocene Thermal
Maximum (HTM)), may provide an important insight into the future behavior of the ice sheet.

Marine studies have found evidence for past advancement and retreat of the GrlS and NEGIS
along the continental shelf offshore Northeast Greenland (Evans et al., 2009; Winkelmann et al.,
2010; Arndt et al., 2015, 2017; Laberg et al., 2017; Arndt, 2018; Olsen et al., 2020; Syring et al.,
2020; Davies et al., 2022; Hansen et al., 2022; Jackson et al., 2022). Geomorphological findings
in Store Koldewey Trough (~76°N), a major shelf trough northeast of the study area (Fig. 1b),
suggests that the ice sheet may have reached the shelf break in this area during the LGM (Last
Glacial Maximum) (Laberg et al., 2017; Olsen et al., 2020). However, further north (~79.4°N),
findings by Rasmussen et al. (2022) indicate that some regions near the shelf break were ice
free during the LGM despite Arndt et al. (2017) positioning the ice front at its maximum LGM
position at the outer shelf. A concise understanding of the timing and dynamics of the ice sheet
over the NE Greenland shelf during the subsequent deglaciation of the marine realm remains to
be established as very few dated cores have been recovered. Terrestrial dating (e.g.,
cosmogenic nuclide dates and lake studies) has provided further insight into when terrestrial
regions had become deglaciated, and how the climate has changed in these areas (e.g., Bjorck
and Persson, 1981; Bjorck et al., 1994; Wagner et al., 2008; Klug et al., 2009a; Schmidt et al.,
2011; Skov et al., 2020; Larsen et al., 2020). However, only recently has terrestrial data been
integrated with marine data to establish a detailed deglaciation chronology of the shelf, coastal
and fjord regions (Davies et al., 2022; Larsen et al., 2022).

Swath bathymetry and gravity cores data from southwestern Dove Bugt (i.e., Store Beelt) and
Bessel Fjord (Fig. 1), presented for the first time in this study, has been used to further refine
our understanding of how the GrIS responded to changes in palaeoclimatic conditions from the
LGM through the Holocene, including the HTM. Through this analysis we aim to reconstruct
regional ice dynamics from both full-glacial conditions and during overall retreat and put our
findings into the larger context of the dynamics of the Northeast Greenland Ice Sheet during
these periods. Additionally, this study aims to refine our understanding about the timing of
deglaciation over marine areas and compare findings to nearby terrestrial regions including the
Store Koldewey and Hochstetter Forland/Shannon @. Results will also contribute to our
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understanding of palaeoenvironmental conditions throughout the Holocene for the NE
Greenland fjords and inner shelf areas.
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Figure 1. (a) An image of Greenland, using IBCAO 4.0 400x400m (Jakobsson et al., 2020), with a black box
surrounding the study area. (b) Bathymetry of Northeast Greenland displayed using IBCAO 4.0 200x200m data
(Jakobsson et al., 2020) and land is displayed using a World Imagery satellite image (Earthstar Geographics, Esri,
HERE, Garmin, FAO, NOAA, USGS) made available through GlobalMapper. The white box surrounds the position of
Fig. 1c. (c) Bathymetry of Dove Bugt and Bessel Fjord and surrounding land areas displayed using the IBCAO 4.0
200x200m data (Jakobsson et al., 2020). Locations mentioned in the text are labelled here. The position of Fig. 2 is
within the white dashed box.

2. Regional Setting and Environmental History

Bessel Fjord is a west-east running fjord between Adolf S. Jensen Land and Dronning
Margrethe Il Land (Fig. 1c). The western end of the fjord contains the southern outlet glacier
Soranerbraeen, which also has a second outlet to the north in a tributary fjord to inner Dove Bugt
(Fig. 2). Several ice caps are positioned across the length of the fjord (Figs. 2 & 3), some of
which have several generations of moraines and glaciofluvial outlets that enter the fjord.
Colluvial fans and rivers have been observed across the length of the fjord in satellite images
and while surveying the fjord. Multiple islands are located at the entrance of Bessel Fjord, the
largest of which, Trums @, splits the entrance into two main inlets (Figs. 1c & 2). From the
termination of Soranerbraeen to the entrance of the fjord measures ~60 km in length. The width
of the fjord ranges from 1.8 to 3.7 km.

To the west of Bessel Fjord and Soranerbraeen is the larger glacier L. Bistrup Brae, which flows
northwards and has an outlet in Borgfjorden, another tributary fjord to inner Dove Bugt (Fig 1).
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Here it is confluent with the southward flowing NEGIS outlet glacier, Storstrammen (Rignot et
al., 2022). Studies of modern Soranerbraeen, L. Bistrup Brae and Storstrammen suggest that
they all have separate drainage basins (Krieger et al., 2020). Storstrammen and L. Bistrup Brae
are two of the largest surge-type glaciers in the world (Higgins, 1991) with a surge periodicity of
approximately 70 years (Mouginot et al., 2018).

Bathymetry of inner Dove Bugt and tributary fjords has revealed that there are no natural large
passageways for the warm, salty, subsurface Atlantic Intermediate Water to impact these
glaciers at present, therefore it has been suggested that ocean waters do not play a large role in
the evolution of Storstrammen, L. Bistrup Brae and the northern outlet of Soranerbraeen, and
that their grounding line retreat is mostly caused by ice thinning (Rignot et al., 2022).

Mega-scale glacial lineations (MSGL) identified in Store Koldewey Trough on the continental
shelf have been interpreted as evidence for the expanse of this sector of the GrlIS to the shelf
break during the LGM (Laberg et al., 2017; Olsen et al., 2020). This is further supported by the
presence of recessional moraines and grounding zone wedges, which suggests a complex
deglaciation of this part of the shelf area (Arndt et al., 2015, 2017; Laberg et al., 2017; Arndt,
2018; Olsen et al., 2020). Olsen et al. (2020) has suggested that deglaciation in the Store
Koldewey Trough may have occurred in two stages: first, an initial retreat as a result of eustatic
sea level rise caused by melting ice at lower latitudes (Lambeck et al., 2014), followed by a
melting phase driven by ocean warming. So far, the timing of the onset of the deglaciation is not
known. Across the GrlS, deglaciation is believed to be asynchronous, with factors such as
topography and local ice dynamics playing a large role with ice retreat in conjunction with
climate change (Bennike & Bjorck, 2002; Funder et al., 2011; O Cofaigh et al., 2013; Hogan et
al., 2016).

A recent study by Jackson et al. (2022) of the inner shelf east of the Clavering @ (~74°N; Fig.
1b) indicated that during the late Younger Dryas, this sector of the GrIS had reached a more
landward position, in conformity with Funder et al. (2021). During this period, the inner shelf
bottom water was characterized by anomalously high temperatures, interpreted to have played
arole in the ice retreat and leading to the termination of the Younger Dryas stadial. This was
followed by the onset of the East Greenland Current, as seen from cooler bottom water from the
Early Holocene on (Jackson et al., 2022).

Further north, east of marine terminating glacier Zachariae Isstram (~78° 30N; Fig. 1b), the
deglaciation of the NEGIS from the inner shelf was found to have occurred as early as 12.5 cal.
ka BP, likely before 13.4 cal. ka BP (Davies et al., 2022). Here, inflow of warmer water (Atlantic
Water) may have played a role. This part of the shelf was covered by an ice shelf from 13.4 to
11.2 cal. ka BP (including the Younger Dryas), retreating and leading to open water conditions
from the earliest Holocene; 11.2-10.8 cal. ka BP, before readvancing from 10.8 to 9.6 cal. ka
BP, finally retreating from 9.6 to 7.9 cal. ka BP. At 7.9 cal. ka BP there was a drastic shift in
ocean circulation at this site with a sharp decline in Atlantic Water corresponding to an increase
in Polar Water influx (Davies et al., 2022). Pados-Dibattista et al. (2022), studying another core
from the NE Greenland shelf (more seaward, in a mid-shelf position north of the Norske Trough
at ~79°N), found that during the early Holocene (9.4 to 8.2 cal. ka BP), the East Greenland
Current was highly stratified with cold surface water overlying warm Atlantic subsurface water.
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Figure 2. Study area with the bathymetric data showing the locations of the sediment cores presented in this study.
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Figure 3. Image of an ice lobe from an ice cap near gravity core HH17-1289-GC-TUNU. Two sets of coarse-grained
terminal morainal ridges are indicated by number and arrow. See Fig. 6b for the position of the modern ice lobe. The
photograph was taken by Torger Gryta on a 2017 TUNU cruise.

Following the 8.2 ka event, the interval from 8.2 to 6.2 cal. ka BP was followed by the warmest
Holocene bottom water conditions on the shelf. Afterwards, conditions returned to those seen
prior to 8.2 cal. ka BP due to increased Polar Water transport strengthening the East Greenland
Current (Pados-Dibattista et al., 2022).

Terrestrial studies of Dronnings Margrethe |l Land, Germania Land and adjacent areas have
identified a complex assortment of moraines that are believed to have formed during the Kap
Mackenzie, Muschelbjerg, Nanok | and Nanok Il stadials (Hjort, 1979, 1981; Hjort and Bjorck,
1983; Bjorck et al., 1994; Landvik, 1994). The exact ages of these stadials remain unclear
(Table 1), yet Larsen et al. (2022) suggests that Nanok-stadial moraines found in Store
Koldewey formed synchronously with the Milne Land moraines of Scoresby Sund which date to
the Allergd to early Younger Dryas and Preboreal time (Kelly et al., 2008; Levy et al., 2016).

The position of striations on Store Koldewey and lateral moraines on coastal slopes between
Bessel Fjord and Haystack have been interpreted as evidence for ice flowing out of Dove Bugt
and Bessel Fjord during the Muschelbjerg stadial, southwards through Store Beelt and turning
eastwards around the southernmost mountains of Store Koldewey (Hjort, 1981). Early studies of
the region noted glacial and glaciofluvial deposits (e.g., moraine plateau, terminal moraines,
eskers and sandurs) on Hochstetter Forland that are believed to have formed during this period
(Hjort, 1979, 1981).
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Table 1. Previously published stadial information for the Dove Bugt region as well as age estimates used in this

study.
Age estimate
Stadials Studies used in this
study
Hjort & Bjorck| Funder etal.,| Kelly etal. | Vasskogetal| Larsenetal.
(1983) (1998) (2008) (2015) (2022)
Close to
Younger Drya{. DZ f A y 3
Preboreal and Early | transition, and
10.1-9.5 cal. K . Holocene (13 late Younger
Nanok Il (ending at ca. Preboreal Preboreal
BP 9.7 cal. ka BH 11.6 ka (G-II1) Dryas (~14 ca|
' ' 11.7-10.6 ka (¢ ka BP (G III),
i) ~12 cal. ka B
(G-11)
Older than 14
ngsks?bllipy Late Allerad td Late Allergd tq
Nanok | between 15 earl)ls Yc;:nger earlé Yc;l;nger
and 19 cal. ks Y Y
BP
~48 cal. ka B}
(Hjort, -
Nanok 0 unpublished ’
data)
. Saalian (or Saalian (or
Muschelbjerg| ) 1en2 older)?
.1 Saalian (or Saalian (or
Kap Mackenzis older)? older)?

Lateral moraines and glacial striations oriented along the axis of Langsodal (also referred to as
Langsgdalen; Fig. 1c), a nearby valley south of and sub-parallel to Bessel Fjord, have been
interpreted as evidence for glacial confinement within the valley during an undifferentiated
Nanok stadial (Hjort 1979; Hjort, 1981). This differs from striations that have also been identified
in the valley along more weathered surfaces that are oriented in a southwestern direction (Hjort,

1979).

The outer coastal regions of North and Northeast Greenland are believed to have been
deglaciated between 12.8 and 9.7 ka BP and present ice positions were reached between 10.8
to 5.8 ka BP (Larsen et al., 2022). Cosmogenic nuclide dates from Store Koldewey, first
collected by Hakansson et al. (2007), and later Skov et al. (2020) and Larsen et al. (2022),
suggest that ice retreated from the continental shelf and reached the upper and lower sections
of the island by 12.3 and 12.7 ka BP, respectively. In contrast, Biette et al. (2020) found
evidence of the deglaciation of Clavering @ at 16.2 ka BP, with readvances at 11.3, 10.8, 3.3,
1.2 and 0.37 ka BP. Additional cosmogenic nuclide findings indicate that Trums @, in outer
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Bessel Fjord, may have become deglaciated around 12.6 ka BP and Vandrepasset, onshore
inner Bessel Fjord by 8.6 ka BP (Larsen et al., 2022).

Findings from macrofossil remains (Bennike & Bjorck, 2002) and lacustrine sedimentary records
(Cremer et al., 2008) suggest that coastal regions were deglaciated in a ~1500 year span after
the start of the Holocene (Klug et al., 2016). To the north of Store Koldewey, a minimum date
for deglaciation in Germania Land of 9.5 cal. ka BP has been proposed (Landvik, 1994),
whereas to the south in southern Dronning Margrethe Il Land, a minimum date of 11.2 cal. ka
BP has been suggested (Bennike & Weidick, 2001). Lake studies on aquatic organisms at
Bjorck Lake and Hjort Lake on Store Koldewey (Fig. 1c) indicate that the island was at its
warmest between ~8 and 4 cal. ka BP, (Wagner et al., 2008; Klug et al., 2009; Schmidt et al.,
2011), although findings from Melles Lake (Fig. 1c) suggest that the earliest onset of warmth
during the Holocene may have occurred at ~ 10 cal. ka BP (Klug et al., 2009; Briner et al.,
2016). On Hochstetter Forland (Fig. 1c), pollen assemblages from Dgdis Sg, Peters Bugt Sg
and Ailsa Sg suggest that the temperatures were at their highest between 8.8 and 5.6 cal. ka
BP (Bjorck & Persson, 1981; Bjorck et al., 1994). These findings indicate that the HTM was not
uniform across East Greenland, as also described by Briner et al. (2016).

To the south, offshore the Kejser Franz Josef Fjord system (~73°N), a detailed biomarker record
finds this part of the shelf dominated by seasonal sea ice throughout the Late Holocene (<~5
cal. ka BP) and extended concentrations from 5.2 to 2.2 and 1.3 cal. ka BP to present. Short-
term variability was also seen for this area for the last 2.2 cal. ka BP, corresponding to the
climatic events of this period (Kolling et al., 2017).

3. Material and Methods

Swath bathymetry and three sediment cores were collected in southwestern Dove Bugt and
Bessel Fjord during an expedition aboard RV Helmer Hanssen of UiT The Arctic University of
Norway in September 2017, being part of the TUNU program (Fig. 2; Christiansen, 2012). The
swath bathymetry data was obtained using a Kongsberg Maritime Simrad EM 302 multibeam
echo sounder. It was gridded using Petrel software, and geomorphological interpretations were
made using Global Mapper 18. Surfaces were developed using a 5x5m grid cell size while a
surface created from an International Bathymetric Chart of the Arctic Ocean (IBCAO) dataset
4.0 with a 200x200m grid cell size (Jakobsson et al., 2020).

Two soft sediment gravity cores were retrieved from Bessel Fjord (HH17-1289-GC-TUNU &
HH17-1290-GC-TUNU) and one southwest of Dove Bugt in the sound Store Beelt (HH17-1309-
GC-TUNU) (Fig. 2 & Table 2). Prior to splitting the cores, physical properties were measured
using a GEOTEK Multi Sensor Core Logger (MSCL-S). The cores were placed in the laboratory
for 24 hours prior to obtaining physical measurements to ensure that each core temperature
reached equilibrium with the laboratory to avoid distorting p-wave values (Weber et al., 1997).

A GEOTEK MSCL X-ray Computed Tomographic imaging machine was also used to scan the
unopened core sections to create X-ray radiographic images. After each core was split and
cleaned, the characteristics of the sedimentary surface were logged (i.e., structures,
bioturbation, grain size, lithological boundaries, etc.), sediment color was noted using the
Munsell Soil Color Chart and lithofacies were assigned based on Eyles et al. (1983)
classification system. Colored images of the core sections were then obtained using an
Avaatech XRF core scanner.
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Table 2. Information on the position, water depth and recovery length of each gravity core. Note that the core names
are abbreviated in the text.

Location

Inner Bessel Fjord

Mid-Bessel Fjord

Southeastern Dove Bugt

Coring station
Latitude [N]
Longitude [W]
Water depth
[m]

Recovery [cm]

HH17-1290
75° 58' 34.5907"
21° 07' 13.1055"

372
534.5

HH17-1289
75° 58' 11.4928"
21°41' 48.0278"

225
245.5

HH17-1309
76° 01' 34.0387"
19° 34' 31.3190"

512
474.55

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

A Beckman Coulter LS 13 320 Multi-Wavelength Laser Diffraction Particle Size Analyzer was
used to perform sediment grain size analysis. Sediment was sampled in mostly 10 cm intervals
across HH17-1309, where samples taken from the other two cores were selected from specific
positions. Samples were treated in HCIl and H.O, and a pre-heated VWB 18 Thermal Bath.
Samples were then cleaned using distilled water, placed through multiple runs through a
centrifuge and heated in an oven to remove water content. Approximately 0.2 grams of
sediment were then separated and placed in a container with 20 ml of water and moved to a
shaking table for over 48 hours. A few drops of Calgon were added to each sample, which was
then placed into a Branson 200 ultrasonic cleaner for ~7 minutes and shaken briefly before
being poured through a >2 mm mesh and into the particle size analyzer. Grains between the
size of 0.4 um and 2000 pum were counted and underwent three separate runs. GRADISTAT
Excel-software was used to calculate the mean of the three runs. Sediment names used in
reference to this analysis are based on Folk (1954) and mean grain size from the methodology
published by Folk & Ward (1957).
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Table 3. Other published radiocarbon dates and their recalibrated ages using Marine20 (and an gR of -10 + 60 in
conformity with Jackson et al. (2022)) and IntCal20 for aquatic moss samples. *The age of sample Lu-1298 from
Shannon is above what is recommended by Heaton et al., (2022) for use with Marine20. This date was considered an
outlier and therefore not taken into consideration by the authors and Bennike and Bjérck (2002). Therefore, this date
is also rejected in the present study.

“Cc cal 14C cal BP
Location Material Labnr. **Cage range) (median) Reference
Shannon shell Lu-1298* 19000 + 190 21855-22325 22078 Hjort, 1981; Hjort, 1979
Hochstetter F. shell Lu-1289 9190 + 90 9572-9926 9779 Hjort, 1981; Hjort, 1979
Shannon shell Lu-1389 9370 + 90 9865-10195 10015 Hjort, 1981, Hjort, 1979
Hochstetter F. shell Lu-1386 9400 + 90 9896-10220 10054 Hjort, 1981; Hjort, 1979
Hochstetter F. shell Lu-1300:1 9470 + 90 9970-10322 10157 Hjort, 1981; Hjort, 1979
Hochstetter F. shell Lu-1300:2 9520 + 90 10084-10412 10229 Hjort, 1981; Hjort, 1979
Hochstetter F. shell Lu-1384 9810 + 95 10409-10794 10617 Hjort, 1981, Hjort, 1979
Ardencaple Fjord shell Lu-1390 8570+ 85 8864-9200 9022 Hjort, 1981; Hjort, 1979
Kildedalen shell Lu-1303 8930 + 90 9290-9573 9447 Hjort, 1981; Hjort, 1979
Mya truncata,
Snenaes ; . .
Hiatella arctica T-9372 8265 + 95 8434-8768 8619 Landvik, 1994
Nuculana
Hvalrosodden moraine pernula TUa-123 8685 + 95 9006-9315 9166 Landvik, 1994
Nuculana
Hvalrosodden moraine pernula TUa-124 9045 + 90 9438-9741 9596 Landvik, 1994
Hvalrosodden Mya truncata  T-9361 8190 + 95 8360-8663 8523 Landvik, 1994
Mya truncata,
Hvalrosodden Hiatella arctica T-9370 7930 + 120 8681-9085 8890 Landvik, 1994
Hvalrosodden Mya truncata T-9371 7490 + 115 8186-8502 8348 Landvik, 1994
Portlandia
Peters Bugt arctica Ua-2787 10260 + 105 11071-11444 11253 Bjorck et al., 1994
Peters Bugt Sg Hiatella arctica Lu-3516 9640 + 90 10222-10527 10382 Bjorck et al., 1994
Mya truncata &
Storstremmen Sound  Hiatella arctica K-6098 5180 + 95 5220-5520 5352 Weidick et al., 1994
Storstremmen Sound Mya truncata  K-5494 4910 + 85 4865-5175 5028 Weidick et al., 1994
Storstremmen Sound Mya truncata  K-5493 4840 + 90 4793-5117 4943 Weidick et al., 1994
Storstremmen Sound  Hiatella arctica Ua-3347 5030 + 75 5023-5311 5166 Weidick et al., 1994
Storstremmen Sound  Hiatella arctica Ua-3350 4180 + 60 3944-4225 4082 Weidick et al., 1994
Balanoptera
Storstrgmmen Sound  physalus K-6096 3630 + 90 3230-3530 3380 Weidick et al., 1994
Storstremmen Sound  Hiatella arctica Ua-3349 3725 + 60 3371-3616 3496 Weidick et al., 1994
Hiatella arctica
Storstremmen Sound & Mya truncata K-6097 3230 + 85 2749-3024 2897 Weidick et al., 1994
Storstremmen Sound  Hiatella arctica Ua-3348 1815 + 55 1115-1317 1217 Weidick et al., 1994
. Warnstorfia
Hjort Lake exannulata  P0z-6194 8260 + 50 8456-8722 8602 Wagner et al., 2008
Duck Lake Aquatic moss  LuS-6525 8690 + 230 9527-10145 9775 Klug et al., 2009
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4. Results

4.1. Seafloor landforms in SW Dove Bugt (Store Beelt)

4.1.1. Elongated Lineations - Glacial Lineations
Slightly curved sub-parallel lineations, oriented sub-parallel to the axis of Dove Bugt, are the
most pronounced landforms in this part of the study area. They are oriented N-NW in the south
and N-NE in the north (Fig. 4). The most frequently identified positive lineations (ridges) are 35-
50 m in width, <1-3 m in height and between 1 and 10 km in length. Length to width ratios are
frequently >10:1. At elevations shallower than 435 m depth, near the center of Store Beaelt, the
lineations are wider (e.g., 60-150 m wide), and occasional merging and overlapping of lineations
occur (Fig. 4e). Wider lineations, often identified in the southern section of the study area (Fig.
4b), have also been identified with widths, lengths and heights ranging from 200-650 m, 3-8 km,
and 4.5-15 m, respectively. Length to width ratios here are 7:1 to >10:1. Some of the larger
lineations are superimposed by smaller lineations. Lateral ridges have also been identified in
clusters overprinting the lineations (Fig. 4c), where furrows have been found cross cutting
lineations (Fig. 4d). Lateral ridges measure 0.5 to 2 m in height and are approximately 45 to 250
m apart.

These elongated lineations are interpreted as glacial lineations (e.g., O Cofaigh, 2005). The
thinner, more common lineations (with length/width-ratios >10:1) have been interpreted as
mega-scale glacial lineations (MSGL), and such landforms are commonly associated with
palaeo-ice stream environments (e.g., Stokes & Clark, 2001). Glacial lineations have been
identified in numerous continental shelf regions around Greenland (Evans et al., 2009;
Dowdeswell et al., 2014; Slabon et al., 2016; Laberg et al., 2017; Newton et al., 2017; Arndt,
2018; Batchelor et al., 2018; Jakobsson et al., 2018). While the mechanism behind the
formation of these features are still being debated, some authors have suggested that they may
have formed through meltwater flooding (Shaw et al., 2008), groove-ploughing (Clark et al.,
2003) or the transverse flow in basal ice (Schoof and Clarke, 2008). King et al. (2009) favored
aspects of the dilatant till instability model that could explain the development of MSGLs on a
decadal timescale. Sets of ridges that overprint the glacial lineations have been interpreted as
recessional moraines, where furrows have been interpreted as iceberg plough marks.

4.1.2. Depression and Mound- Hill-Hole Pair
In northern Store Beelt, a 200 by 450 m wide, 3-4 m deep depression has been identified next to
a mound with a width and height of 235 by 450 m and 3-4 m, respectively (Fig. 4d). The
depression overprints N-S trending lineations, although the mound contains lineations on its
surface.

This depression and mound have been interpreted as a hill-hole pair. These landforms can form
when ice-thrust rafts of sediment are removed from the bed by cold-based, slow-flowing ice that
transports the sediment that was once in the depression (Hogan et al., 2010; Klages et al.,
2013, 2015). In this instance, a south bound ice stream may have removed frozen sedimentary
material and deposited it further south. This interpretation is in conformity with studies from
other high-latitude continental shelves where subglacial hill-hole pairs are interpreted as formed
by ice frozen to the seafloor bed (Seettem, 1990; Ottesen et al., 2005).
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328

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