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This paper presents results from glacial geomorphology mapping in and adjacent to Velfjorden and Ursfjorden in the southern Nordland
region of Norway. Submarine and terrestrial landforms were studied and mapped using high-resolution multibeam bathymetric and airborne
LiDAR data, in addition to reconnaissance in the field. The work unites ice-marginal deposits related to the established Tautra and Tjøtta
glacial events which took place during the Younger Dryas (YD) chronozone. In Ursfjorden, an outlet glacier deposited a c. 100 m-high terminal
moraine, whereas moraine ridges and a large sedimentary wedge were deposited in the inner part of Velfjorden. Highly elongated subglacial
bedforms located inside the ice-marginal landforms reveal that the fjords were occupied by fast-flowing ice streams during YD. Eighteen
new radiocarbon dates from the region, along with twelve recalibrated dates from previous studies, provide time-constraints for ice-sheet
configuration and dynamics during deglaciation. Radiocarbon dates suggest that the outer coastal islands became ice-free prior to 14 cal ka BP.
Glacially overridden shell-rich units dated to the Allerød Interstadial indicate that the YD ice sheet readvanced at least 5 km before depositing
the terminal moraine in Ursfjorden. The ages of shells found near the distinct, regionally correlative, YD raised shoreline indicate that the
glacial readvance culminated around early to mid-YD.
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Introduction

(Fig. 2) just south of our study area, adding observations
and radiocarbon chronology to previous work done
by Svensson (1959). The deposits mapped by Bargel
(2003) are morpho-stratigraphically correlated with
moraines deposited during the Tautra glacial event in
the Trondheimsfjorden–Fosen peninsula region (Fig. 1),
where a number of radiocarbon dates suggest that the
moraines were deposited early in the YD (Reite, 1994;
Olsen et al., 2015). Few absolute dates related to the
deglacial phase exist for the southern Nordland region,
however, and the overall deglaciation chronology in this
sector of the Scandinavian Ice Sheet is poorly constrained
(Hughes et al., 2016).

Ice-marginal features deposited during the Younger
Dryas (YD) chronozone – 12.7–11.5 cal ka BP (Lohne
et al., 2013) – are traceable around a large part of
the former Scandinavian Ice Sheet (Andersen et al.,
1995; Mangerud et al., 2011). In southern Nordland
in Norway, the maximum ice sheet extent during YD
was attained during the Tjøtta (or B) glacial event (Fig.
1; Andersen et al., 1982). Marginal moraines related to
the event have been traced onshore (Andersen et al.,
1981; Hansen et al., 2018), whilst large submarine icemarginal deposits have been identified and mapped in
the outer parts of the fjords (Andersen et al., 1982; Lyså
et al., 2004). Bargel (2003) mapped end moraines and
ice-marginal features in the outer Tosenfjord region

This study aims to connect the ice-marginal zones
deposited during the Tjøtta and Tautra YD glacial events
and further to characterise the general distribution of
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Figure 1. Regional setting. Dotted lines represent the approximate Scandinavian Ice Sheet position during the Tautra/Tjøtta event (outer line)
– and the Hoklingen event (inner line), interpreted as early and late YD positions, respectively. Locations: R – Ranfjorden, V – Vega, H – Lake
Hoklingen (type locality), T – Trondheimsfjorden. The background maps in Fig. 1 and Fig. 2 are made by combining the GEBCO_2014 Grid
(version 20150318, www.gebco.net) with a 10 m DEM from the Norwegian Mapping Authority (Kartverket).

ice-marginal deposits in a high-relief fjord environment.
In other parts of Norway, the ice sheet readvanced
considerably during the YD (Vorren & Plassen, 2002;
Bergstrøm et al., 2005; Mangerud et al., 2016). Different
sectors of the Scandinavian Ice Sheet experienced
different responses to the climatic forcing during YD
(e.g., Mangerud et al., 2011; Gump et al., 2017) and
although Andersen et al. (1982) suggested a major icesheet regrowth in the southern Nordland region, clear
evidence has been missing up to now.
Here, we present observations from glacial geo
morphology mapping from both onshore and offshore,
based on high-resolution topographic and bathymetric
data, along with 18 new radiocarbon dates from mollusc
shells found in glacio-isostatically raised marine and
glaciomarine deposits. The landform record comprises
large ice-marginal features in the fjords and prominent
end moraines onshore. Sub-till glaciomarine sediments
onshore hold shells dated to the Allerød Interstadial and

show that the outer fjord region was ice-free at least 5
km inland to the end moraines prior to the YD ice-sheet
readvance.

Regional setting
Our focus has been on the mapping of ice-marginal
features in and adjacent to the two fjords, Velfjord and
Ursfjord (Fig. 2). The area is located south in Nordland
county, where an alpine topography inland meets flat
lowlands at the coastline. This coastal lowland, which is
characterised by shallow waters with thousands of small
islands and reefs, has been termed the strandflat (Reusch,
1894) and is at its widest in this region, stretching as far
as 50–60 km seawards of the mainland (Holtedahl, 1998;
Olesen et al., 2013). The marine limit rises from 100 m
above present-day sea level at Vega to above 140 m asl.
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Figure 2. Study area. The solid and dotted lines represent mapped ice-marginal deposits and inferred position of the Scandinavian Ice Sheet
during the Tautra/Tjøtta event. The moraine line on Vega represents an older substage, whereas the smaller, curved lines depict cirque glacier
moraines. Numbering refers to radiocarbon dated sites described later in the text. Locations: Br – Brønnøysund, D – Djupvika.

in the inner fjord regions, implying that most of the
coastal lowlands were situated below sea level during
deglaciation.
The fjords in the region are deep troughs penetrating
inland from the low-relief, coastal strandflat (Fig. 2).
Depths of 400–700 m are common, adding to the 500–
1000 m high mountains that are surrounding the fjords.
The fjord basins are glacially eroded, over-deepened
troughs and are typically separated from the strandflat by
a bedrock sill at less than 200 m depth. The fjords acted
as effective ice discharge troughs during Quaternary
glaciations, evacuating large volumes of ice from the
inland to the lower coastal region. Offshore, seafloor
morphology reveals that ice-streams converged and
flowed westwards towards the outer shelf break (Ottesen
et al., 2005a), where vast glacial depocentres determine
the ice sheet’s former maximum extent (Sættem et al.,
1996; Dahlgren et al., 2002).

Methods
Glacial geomorphology mapping and marine
bathymetry data collection
Onshore, ice-marginal features were identified using
airborne LiDAR-derived elevation data, in combination
with aerial photographs and field reconnaissance. The
high-resolution LiDAR data were processed into a 1 m
(pixel size) digital elevation model (DEM), which was
subsequently used to create shaded relief images with
solar azimuths of 45°, 315° and 360° and a solar angle
of 45°. Distinct raised shorelines – ancient shoreline
levels raised by glacio-isostatic adjustment following
deglaciation – were observed in the field and further
traced and correlated over a large area using the aerial
photos and shaded relief images.
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Based on our onshore mapping of raised shorelines and
ice-marginal features, we identified plausible calving
front locations in Velfjorden and Ursfjorden. During a
cruise with the research vessel “Seisma” in the autumn
of 2016, high-resolution swath bathymetry data were
collected from Velfjorden. Bathymetric data from inner
Ursfjorden were acquired from the Norwegian Mapping
Authority (Kartverket).
Bathymetric soundings in Velfjorden were performed
using a Kongsberg EM–2040 dual-head multibeam
echo-sounder system. Depths (sound velocity) were
calibrated with a SVP (sound velocity profiler) prior to
data collection. The survey was monitored using Olex AS
(www.olex.no) software. The high-resolution data from
Velfjorden generally allowed processing of a 1-metre
digital bathymetric model (DBM) grid, while the data in
Ursfjorden were sufficiently detailed to process a 5-metre
grid. DBMs were gridded in Fledermaus DMagic,
whereas subsequent computing of hillshade images and
geomorphological mapping were carried out in ESRI
ArcMap. Due to national confidentiality regulations with
regard to high-resolution marine bathymetry, we are only
allowed to depict small stamps of bathymetric data. All
depth data in this paper are presented in metres below
present-day sea level (m bsl).

Radiocarbon dating
All radiocarbon ages were obtained from marine mollusc
shells. Older dates from Marthinussen (1962), Andersen
et al. (1981) and Bargel (2003) that are relevant to this
study have been calibrated and are listed along with the
new dates (Table 1).

Radiocarbon ages were calibrated using the OxCal 4.2
calibration software (Bronk Ramsey, 2009) with the
MARINE13 dataset (Reimer et al., 2013). Ages are given
with a 2 σ (95.4% probability) confidence interval and
an OxCal derived weighted mean. All samples have been
corrected for regional marine reservoir age by applying
a ΔR value of 71 ± 21, equal to a marine reservoir age
of 412 ± 18 years. The value represents the reservoir age
for coastal waters in northern Norway today (Mangerud
et al., 2006). The reservoir age was likely 200–300 years
higher during the YD, but similar to present-day values
during the Bølling–Allerød Interstadial (Bondevik et
al., 2006). All samples from former studies that were
processed in Trondheim (T or TUa), except sample
T–124 from Marthinussen (1962), were originally
reported with a reservoir age correction of 440 years.
This value had thus to be added back before calibrating
the dates into calendar years.

Results and interpretation
Ice-marginal features and raised shorelines
We have identified ice-marginal features throughout the
study area and morpho-stratigraphically correlated the
previously established Tautra (Reite et al., 1982; Bargel,
2003; Olsen et al., 2015) and Tjøtta (Andersen et al.,
1982) glacial events (Fig. 2). The mapping is part of a
Quaternary geology mapping programme being carried
out in the region (e.g., Høgaas et al., 2018a, b). The ice
margin reconstruction given in Fig. 2 is similar to the YD
reconstruction suggested by Andersen et al. (1995) and
Hughes et al. (2016).

Figure 3. Examples of ice-marginal features in the region. (A) Oblique view of a LiDAR-derived hillshade image showing a large lateral moraine
descending towards Velfjorden. The zone is 50–100 m wide, >5 m high and the surface is scattered with large boulders. In aerial photographs
the moraine stands out as a vegetated zone amid a rugged bedrock terrain. (B) A 15–20 m-high moraine ridge west of Bindalsfjorden. People
for scale. View towards east-northeast. Photo: Anna Bergengren/Trollfjell geopark.
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Table 1. Radiocarbon dated sites. .

3.195 g
1.648 g
3.165 g
3.287 g
0.345 g
0.359 g
5.612 g
2.975 g
1.843 g

Mya truncata
Mya truncata
Mya truncata
Mya truncata
Balanus sp.
Balanus sp.
Mya truncata
Mya truncata
Balanus sp.

1.368 g
0.995 g
0.682 g

Hiatella arctica
Hiatella arctica
Chlamys islandica
0.732 g

0.064 g
3.478 g

Balanus sp.
Mya truncata

0.127 g

Mya truncata

1g

1.590 g

Mya truncata

Chlamys islandica

Weight

Dated material

Sjølstadelva, Nærøy Hiatella arctica

Bogen, Bindal

Teistdalshalsen,
Sømna

Teistdalshalsen,
Sømna

Teistdalshalsen,
Sømna

Teistdalen, Sømna

Teistdalen, Sømna

Teistdalen, Sømna

Teistdalen, Sømna

Teistdalen, Sømna

Teistdalen, Sømna

Bjønndalen,
Brønnøy

Bjønndalen,
Brønnøy

Gåslia, Brønnøy

Gåslia, Brønnøy

Gåslia, Brønnøy

Gåslia, Brønnøy

Gåslia, Brønnøy

Site, municipality

c. 80-85 m asl in glaciomarine sediment.
Paired shells.

c. 40 m asl in glaciomarine sediment/
moraine

c. 100 m asl. Littoral sand.

c. 100 m asl. Littoral sand.

c. 100 m asl. Littoral sand.

c. 37 m asl. Glaciomarine diamicton.

c. 37 m asl. Glaciomarine diamicton.

c. 37 m asl. Glaciomarine diamicton.

c. 83 m asl. Sub-till shell-bearing
diamicton.

c. 83 m asl. Sub-till shell-bearing
diamicton.

c. 83 m asl. Sub-till shell-bearing
diamicton.

c. 57-58 m asl in a diamicton

c. 57-58 m asl in a diamicton

c. 105-110 m asl. Littoral sediment.
Whole shells.

c. 105-110 m asl. Littoral sediment.
Whole shells.

c. 105-110 m asl. Littoral sediment.
Whole shells.

c. 105-110 m asl. Littoral sediment.
Whole shells.

c. 105-110 m asl. Littoral sediment.
Whole shells.

Context

Poz-85112

Poz-85115

Poz-90937

Poz-90936

Poz-90935

Poz-90940

Poz-90939

Poz-90938

Poz-90944

Poz-90943

Poz-90941

Poz-85114

Poz-85113

Poz-85109

Poz-85108

Poz-85107

Poz-85106

Poz-85105

Lab. #

10590 ± 60

11590 ± 60

12190 ± 60

12200 ± 60

11710 ± 60

12160 ± 60

12400 ± 70

12510 ± 60

11960 ± 60

12080 ± 70

11990 ± 60

11500 ± 60

11880 ± 60

11150 ± 60

10860 ± 50

11340 ± 60

11160 ± 60

10920 ± 60

Age 14C (a BP)

12010-11370

13170-12800

13750-13400

13760-13410

13290-12940

13720-13370

14010-13580

14100-13750

13490-13210

13650-13290

13520-13240

13080-12720

13420-13140

12730-12500

12500-12030

12900-12610

12740-12510

12570-12080

Age Calibrated
(a BP, 2σ)

11710

12990

13570

13580

13120

13540

13800

13920

13350

13460

13370

12890

13280

12610

12260

12750

12620

12340

Mean calibrated
(a BP)

Remark
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Lysfjordmana,
Bindal

Lysfjordmana,
Bindal

Bogen, Bindal

Bogen, Bindal

Fuglvatnet,
Brønnøy

Vassås, Bindal

Bindalseidet,
Bindal

Loc. 6-3

Loc. 6-4

Loc. 7-1

Loc. 7-2

Loc. 8

Loc. 9

Loc. 10

Loc. 13

Steinsdal, Sømna

Bogen, Bindal

Loc. 12

Marthinussen, 1962

Terråk, Bindal

Loc. 11

Andersen et al., 1981

Aunelva, Bindal

Loc. 6-2

Site, municipality

Aunelva, Bindal

Coordinates

Loc. 6-1

Bargel, 2003

Loc.

Table 1. (Continued)

Marine
Littoral
Marine
Littoral

Portlandia arctica
Mya truncata
Portlandia arctica
fragment
Mya truncata

Portlandia arctica

Glaciomarine

Marine

Marine

Hiatella arctica

Portlandia arctica

Moraine

Shell fragments

Glaciomarine

Moraine

Shell fragment

Yoldiella lenticula

Littoral

Mya truncata

Context

Littoral

Weight

Macoma baltica

Dated material

T-124

T-3519

T-3522

T-15323

TUa-3013

T-8617

TUa-3676

T-15324

TUa-3677

TUa-3433

T-15636

TUa-3014

Lab. #

10300 ± 250

10770 ± 250

10330 ± 230

10280 ± 65

10260 ± 90

10090 ± 110

10920 ± 70

11100 ± 180

12325 ± 75

8505 ± 50

10610 ± 90

10855 ± 85

Age 14C (a BP)

12200-10620

12640-11250

12160-10690

11410-11030

11550-10920

11230-10700

12570-12070

12910-11980

13920-13490

9240-8900

12110-11300

12560-11940

Age Calibrated
(a BP, 2σ)

11380

12000

11420

11210

11200

10980

12330

12470

13710

9050

11740

12250

Mean calibrated
(a BP)

440 yrs added
(10330)

440 yrs added
(9890)

440 yrs added
(9840)

440 yrs added
(9820)

440 yrs added
(9650)

440 yrs added
(10480)

440 yrs added
(10660)

440 yrs added
(11885)

440 yrs added
(8065)

440 yrs added
(10170)

440 yrs added
(10415)

Remark
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Figure 4. Marine limit (120–125 m asl) and the Main Shoreline (105–110 m asl) close to Brønnøysund. Powerline poles provide scale.

Large, sharp-crested, moraine ridges are common
(Fig. 3), but the former ice margin is locally also
characterised by more subdued boulder-rich deposits.
Large end moraines were deposited by the inland ice
sheet in the mountainous areas between Velfjorden and
Vistenfjorden, whereas westerly-facing cirque glaciers
nearby deposited local moraines just outside the YD
inland ice-sheet limit. Cirque glaciers also deposited
large local moraines on the island of Vega and in the
outer part of Velfjorden (Fig. 2).
Raised shorelines represented by continuous lines
eroded into bedrock (Fig. 4) are common features in the
region (Rasmussen, 1981; Andersen et al., 1982; Høgaas
& Sveian, 2015). Shoreface erosion by frost weathering,
freeze-thaw mechanisms and sea-ice abrasion in a
tidal zone is thought to have formed the conspicuous
shorelines (e.g., Andersen, 1968). The raised shorelines
typically persist for several km at a time, often exceed
30 metres in width and are found as high as 120–130
m asl. in Velfjorden. The uppermost level – the marine
limit shoreline – formed immediately following
deglaciation and is the most distinct raised shoreline
level in the region. In Velfjorden, however, the marine
limit shoreline is dwarfed by the Main Shoreline of
assumed YD age, which typically is situated c. 10 m lower
in the terrain. Close to Brønnøysund (Figs. 2 & 4), Main
Shoreline sections are locally more than 40 metres wide
and continuous for several km. The Main Shoreline is
continuous along most of the western side of Velfjorden,
but is not found inside the inferred YD icemargin. From
this we interpret that the raised shoreline and ice-front
deposits were formed and deposited during the same
period. This is a well-known principle in northern
Norway, for instance, where raised YD glaciofluvial deltas
are graded to the Main Shoreline level (e.g., Andersen,

1968). In Velfjorden, the ages of shells found at elevations
close to the Main Shoreline (Loc. 1 below) support the
interpretation of the shoreline being formed in the
YD. Also, the post-YD climatic amelioration and rapid
land emergence rule out a later formation of the lower
shoreline.

Bathymetric data
The bathymetric data from Velfjorden reveal several
prominent landforms (Fig. 5), that confirm our
assumptions of the ice-margin location based on
the onshore mapping. Most notably, a 1.5 km2 large
sedimentary wedge – interpreted as a grounding-zone
wedge (GZW) – is situated in the innermost part of
this calving bay (Figs. 5 & 6). The asymmetric shape
of the feature, with a conspicuous, steeper distal slope,
along with the presence of glacial lineations on the
surface, matches with the characteristics of GZWs
described elsewhere (e.g., McMullen et al., 2006; Ottesen
et al., 2008b; Dowdeswell & Fugelli, 2012). The most
proximal part of the GZW is found at c. 175 m bsl, in
lee of a bedrock ridge. From here it rises steadily to c.
140 m bsl at the frontal break, before it rapidly drops
to under 200 m bsl. Long and sharp-crested crag-andtail landforms are present from the deposit’s apex to the
very front. The crag-and-tails all show a high elongation
ratio (length:width ratio from 26:1 to 9:1). On the fjord
bottom just distal to the GZW, large deposits of ravined
sediments are seen (Fig. 6).
End moraines are mapped to either side of the GZW
and are generally located a bit farther out in the fjord.
North of the GZW, where a glacial lobe flowed out of
the fjord branch and merged with the Velfjorden Ice
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Figure 5. Mapped glacial landforms and inferred grounded ice-margin in Velfjorden. A small floating ice shelf may have reached some distance
beyond this line.

Stream, we have mapped a broad ridge interpreted to
represent a medial moraine. Alternatively, the moraine
could represent a slightly younger stage during the
deglaciation. The frontal part of the northern ice margin
is an end moraine situated on top of a bedrock ridge.
Large glacigenic debris lobes deposited just outside
this ridge support the interpretation. To the west, we
see two parallel end moraines. Here, several elongated
drift landforms are also found both on- and offshore.
The mapped landforms point to a rapidly streaming
grounded outlet glacier with a calving margin. The
highest-lying palaeonunataks are determined by lateral
moraines found up to 800 m asl. c. 12 km inland of the
GZW. Lateral moraines adjacent to the sedimentary
wedge are found c. 150 m asl., which yields an average
glacier front surface gradient of >55 m/km.
In Ursfjorden, a large terminal moraine is found at c.
450 m bsl (Fig. 7). The ridge extends across the fjord
at a bedrock confinement and towers up to 80–100 m
above the fjord bottom (Fig. 8). Large drift landforms –
interpreted as Mega-Scale Glacial Lineations (MSGL)
– are seen just inside the former ice margin. The end
moraine has a consistent morphology across and rises

steadily from c. 475 m bsl to 375 m bsl, before it drops
down to the fjord bottom at c. 475 m bsl (Fig. 8A & B).
Along the eastern side of Ursfjorden, the ice margin
was situated at or close to the fjord break, where depths
drop from c. 100 to 500 m bsl over a short distance. Here,
we can see that large fans, probably stemming from
glacigenic debris flows, have formed in several places on
the fjord bottom.

Radiocarbon dated sites
We present 18 new radiocarbon samples from the
southern Nordland region, numbered in accordance
with Table 1 and plotted in Fig. 2. We do not go into
detail on Locs. 6–13, i.e., the dates from previous studies
(Marthinussen, 1962; Andersen et al., 1981; Bargel, 2003).
Loc. 1 – Gåslia, Brønnøy – altitude 105–110 m asl.,
65.5004 N, 12.3863 E

Along a small river bend at Gåslia, several whole shells
and numerous smaller fragments have been exposed due
to erosion of raised littoral deposits. We dated five Mya
truncata shells to c. 12.9–12 cal ka BP. This site is located
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Figure 6. Bathymetric image of the grounding-zone wedge (GZW) in Velfjorden. The fan-shaped wedge is developed in the lee of a bedrock ridge.
Glacial lineations on the surface reveal that the grounding zone was located at the very front of the ice-marginal feature.

close to the Main Shoreline, which disappears close to the
inferred YD ice-margin.
Loc. 2 – Bjønndalen, Brønnøy – altitude 57–58 m asl.,
65.4649 N, 12.3632 E

Two dated samples of barnacles (Balanus sp.) found in
a diamicton yielded c. 13.4–12.7 cal ka BP. We interpret
the diamicton as a mixture of raised beach deposits
and scree material, and ascribe the dated barnacles as

originally stemming from the latter component, as these
organisms usually live around the tidal level. The sea
level around 13 ka BP was probably c. 110–120 m asl.
The dates are included here as indicators of minimumlimiting deglaciation ages for the outer coastal area.
Loc. 3 – Teistdalen, Sømna – 65.3586 N, 12.3801 E

The sites are located c. 5 km north of the terminal
moraine in Ursfjorden, where a glacial lobe flowed
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Figure 7. Mapped glacial landforms and inferred grounded ice-margin in Ursfjorden.

northwest into the Teistdalen valley. This led to glacial
overriding of existing shell-bearing sediments and
deposition of glaciomarine and diamict units. We have
dated nine samples of shells from three different sites
near the Teistdalen valley (Fig. 9). At the first site (c. 83 m
asl.) three samples from an overridden diamicton yield c.
13.6–13.2 cal ka BP (Fig. 10). The second site is located
at c. 37 m asl. and shows a glaciomarine diamicton over
a compact till (Fig. 10). Here, three samples from the
upper unit (samples 3.4–3.6) yield 14.1–13.4 cal ka BP.
Northwest of the local drainage threshold and distally
of the glacial advance, we have dated three samples from
a shell-rich sublittoral unit at c. 100 m asl. (Fig. 10). The
samples yield 13.8–12.9 cal ka BP, which indicates that

the site was ice-free during YD. Similar to Loc. 2, these
dates also serve as minimum-limiting deglaciation ages
for the coastal area.
Loc. 4 – Bogen, Bindal – altitude c. 40 m asl., 65.0748
N, 11.9614 E

The Bogen locality is a part of the lobate frontal deposit
belonging to the outermost part of the Tautra substage
(e.g., Olsen et al., 2015). One fragment of Chlamys
islandica was located in a glaciomarine unit and dated
to 13.2–12.8 cal ka BP. Shell fragments from Bogen have
also been dated by Andersen et al. (1981) and Bargel
(2003), and the lobate frontal deposit is morphologically
traceable over a large area (Fig. 2).
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Figure 8. Bathymetric image of the terminal moraine in Ursfjorden. The large ridge rises to 100 metres above the sea floor at c. 450 m bsl. The
bathymetry was provided by the Norwegian Mapping Authority (Kartverket).

Loc. 5 – Sjølstadelva, Nærøy – altitude 80–85 m asl.,
64.9811 N, 12.0647 E

South of outer Tosenfjorden, near the Sjølstadelva river,
we identified whole and paired mollusc shells and several
shell fragments in a glaciomarine unit. One of the shells
– a fragment of a paired Hiatella arctica shell – was
dated to 12–11.4 cal ka BP. The shells were located >40
m lower than the local marine limit, but the amount of
paired and whole shells in the sections argue against
resedimentation to a lower topographical level.

Discussion
Characteristics and distribution of ice-marginal
features
The bathymetric data show the presence of very large
submarine ice-marginal features in Velfjorden and
Ursfjorden. The ice sheet also deposited large moraine
ridges in the mountainous terrain between the studied
fjords, testifying to a significant contemporaneous push
along the entire ice-sheet margin during the glacial event.
The glacier front in Velfjorden likely advanced to a hinge
point (bedrock ridge) before gradually building the
GZW seawards during a grounding-line advance. The

lineations on top of the GZW support the interpretation
of large-scale transport of glacigenic debris to the very
front of the feature. GZWs are sedimentary depocentres,
where deformation till is continuously transported
towards the frontal break in a sediment conveyor belt
(Anandakrishnan et al., 2007). Here, the till can be
deposited by sediment gravity flows, which are seen
as dipping structures in seismic profiles (Batchelor
& Dowdeswell, 2015). The internal structure of the
GZW in Velfjorden is unknown, but the morphological
conformity with GZWs elsewhere allow us to assume
a similar development. The ravined sediment on the
fjord bottom distal to the GZW, may stem from settled
sediment plumes related to the GZW build-up. The
sediment may also be related to the deglacial phase prior
to the YD main event and GZW build-up, but as yet the
origin is not fully understood.
We believe the glacier front in Ursfjorden advanced
across the inner subbasin (Fig. 8), before coming to a halt
where the fjord is narrowest, where the terminal moraine
was formed. Distal to this, there is a slight widening of
the fjord. At the contemporary depth of almost 600 m, it
would take a substantial support to prevent calving and
disintegration of the glacier snout. The moraine was
probably formed by a continuous feed of deformation
till towards the snout with subsequent gravity flows on
the distal side. This architectural build-up has been
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Figure 9. Map showing the different locations in Teistdalen (Loc. 3; Fig. 2) in relation to the approximate YD ice-marginal zone. The area is located
just a few km proximal to the submarine terminal moraine in Ursfjorden (Fig. 7). Lithostratigraphic logs from the sites are shown in Fig. 10.

Figure 10. Lithostratigraphic logs from sites 1, 2 and 3 in and near Teistdalen (Fig. 9). A likely correlation between the units at sites 1 and 2 is
indicated with dotted lines.
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Figure 11. Tentative time-distance diagram for the ice-margin in southern Nordland, showing ice cover and the mean calibrated ages presented
in Table 1. Error ranges are based on the 68.2% (1 σ) confidence interval. One date (Loc. 6–3; TUa–3433) was too young to be plotted on this
diagram. Adapted from Mangerud et al. (2011).

reported from seismic studies on late glacial ice-marginal
deposits in northern Norway and Svalbard (Andersen et
al., 1982; Lyså & Vorren, 1997; Ottesen & Dowdeswell,
2006; Ottesen et al., 2008a). The large glacigenic fans seen
on the eastern fjord break in Ursfjorden are common
features where glaciers are unable to advance into deep
fjord basins situated beyond the margin (e.g., Lyså &
Vorren, 1997). The very presence of the fans indicates
a high delivery of meltwater and sediment towards the
glacier front.
Submarine MSGL and swarms of fluted bedrock are seen
near the former ice-margin. Fluted bedrock surfaces are
also seen on-land in the LiDAR-derived shaded relief
images. The landform record in the studied fjords points
to a rapidly streaming, warm-based glacier front with a
deformable bed and is in accordance with morphological
characteristics of palaeo-ice streams elsewhere (e.g.,
Stokes & Clark, 1999; King et al., 2009; Eyles, 2012; Stokes
et al., 2015; Krabbendam et al., 2016).

Regional deglaciation
A tentative reconstruction of the regional deglaciation
pattern is presented as a time-distance diagram in Fig.
11, representing a transect from coast to inland. The
reasoning for our approach to the older phase is as
follows. Andersen et al. (1981, 1982) presented a dated
shell fragment from the broad, wave-washed Vega
Moraine (Fig. 1) which yielded c. 16 cal ka BP (T–3941:
13,420 ± 170 14C, calibrated 16,660–15,600), but assumed
the date was too old. Instead, he argued that the Vega
moraine rather correlated to an ice-marginal zone
deposited at around 14.2 cal ka BP. In contrast, if the
date does reflect the deglaciation of Vega, it is correlative
with glacial events of c. 16–15 cal ka BP age suggested
from studies farther north (Ottesen et al., 2005b; Laberg
et al., 2009, 2017). Deglaciation of the outer coastal
islands occurred prior to 14 cal ka BP, as we have dated
multiple shell fragments to 14–13.5 cal ka BP 30 km
inland of Vega. In addition to this, bones from a bowhead
whale (Balaena mysticetus) found a few km northwest
of Teistdalen (Fig. 2) yielded 13.1 cal ka BP (Mathisen,
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1987, p. 30). This indicates fully ice-free conditions in
the outer fjord districts in the warm Allerød Interstadial.
Unfortunately, we have not been able to locate any
information concerning lab number related to the whale
bone find, or if the date has been corrected for local
reservoir age.
Studies just south of our study area suggest that the
Older Dryas (OD, c. 14 cal ka BP) ice-marginal zone
generally is found close to (e.g., in Djupvika; Fig. 2), or
even inside of, the YD maximum position (Bargel et al.,
1994; Olsen et al., 2015). This relationship between the
OD/YD ice-margin positions is also seen in western
Norway (Mangerud et al., 2016, 2017). Because of the
close positioning of OD/YD ice-marginal zones a short
distance to the south, it is unlikely that the ice sheet
advanced beyond the deep fjords and the strandflat to
reach Vega at around 14 cal ka BP. We conservatively
suggest that deglaciation of Vega and the outer coastal
islands took place between c. 16 and 14.5 cal ka BP. We
stress, however, that this interpretation is uncertain
and that more research is needed to constrain the
deglaciation chronology of this area.
No ice-marginal features have been found among
the strandflat shallows and reefs between Vega and
Brønnøysund (Fig. 1). The YD ice-marginal zone is
located c. 10–15 km farther inland. Shells found close
to the Main Shoreline in Velfjorden provide an age
of 12–12.9 cal ka BP (2 σ interval – Loc. 1) for the ice
margin. The shoreline grades into the former glacier
terminus and is not found beyond this point (Fig. 12).
We cannot rule out that the shells have been redeposited
to a lower topographic level, but this is contested by
the large number of whole shells found in the section.
The rest of our radiocarbon dates found in relation to
the YD moraines (Locs. 3 & 4) generally give too old
ages. These shells are found incorporated in moraines
or belong to units that are located stratigraphically
beneath the YD readvance. The old ages are thus due
to resedimentation or glacial overriding of existing

Figure 12. Schematic shoreline diagram from the middle to inner
part of Velfjorden, with inferred ice-margin position. The difference
in altitude between the two shorelines is c. 10 metres, but decreases
gradually towards the inner parts of the fjord. Note that the diagram
is not drawn perpendicular to the regional uplift isobases.

material. Reworking also serves to explain the 13.7 cal
ka old shell found incorporated in a moraine ridge of
assumed YD age by Bargel (2003). We have no basis to
reject the work done adjacent to our area (Andersen et
al., 1982; Olsen et al., 2015) and believe the ice-marginal
zone and large deposits mapped in this study represent
the YD maximum. Rather, the dates illustrate well the
uncertainty involved in collecting and dating shells
found in relation to ice-marginal deposits. Performing
a thorough regional assessment is hence pivotal to
understanding the full deglaciation picture.
The maximum position of the Scandinavian Ice Sheet
during the YD occurred time-transgressively throughout
Norway (e.g., Mangerud et al., 2016) and an early YD
maximum, like we see in Mid Norway (Olsen et al., 2015),
differs from other regions. In western Norway, the ice sheet
readvance culminated late and did not retreat until close
to the Younger Dryas/Holocene boundary (Bondevik &
Mangerud, 2002; Lohne et al., 2012). The equivalent event
in mid-Norway is termed the Hoklingen substage (Fig.
1) and is more pronounced south of Trondheimsfjorden
(Reite et al., 1982; Olsen et al., 2015). In northern Norway
a mid to late YD age has been proposed for the maximum
position (Vorren & Plassen, 2002; Bergstrøm et al., 2005;
Romundset et al., 2017). Our data suggest an early to
mid-YD age for the ice-marginal features mapped in this
study, but we are unable to fully resolve the timing of the
ice sheet’s maximum position during the YD chronozone
in southern Nordland. Taking into account the large
uncertainty related to the context of dated material,
plateaus in the radiocarbon calibration curve, as well as
variable marine reservoir ages, achieving accurate ages
of the Lateglacial ice-margin position based on ages of
molluscs found in relation to proglacial sediments, is at
best challenging. This is particularly true in the case of a
glacier readvance, as it often implies extensive reworking
of existing material. A complementary approach to
understand the deglaciation chronology further, would
be to investigate threshold basins, which has proved
successful in other parts of Norway (e.g., Selnes, 1982;
Bondevik & Mangerud, 2002; Lohne et al., 2012) and
to identify geochronological markers, such as tephra
horizons, in continuous sediment archives (e.g., Mangerud
et al., 1984; Koren et al., 2008; Lohne et al., 2013).
Small ridges on and near the GZW in Velfjorden may
indicate the first signs of a retreat from the maximum
position. From there, we believe the ice sheet retreated
rapidly to Tosenfjorden, as there are no ice-marginal
deposits that indicate temporary still-stands in between.
The small notches seen after the YD maximum event
(Fig. 11) represent tentative minor and short-lived halts
in the general ice-sheet recession, which are seen as large
lone-standing ice-marginal deposits, e.g., in Tosenfjorden
(Bargel, 2003). Of these, one could be correlated with
the late YD Hoklingen event described from the
Trondheimsfjord region (see Fig. 1; Reite et al., 1982;
Olsen et al., 2015). Our mean calibrated ages indicate a
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late YD-early Holocene deglacial age for the sites located
inside the YD maximum zone (Fig. 11; Table 1; Locs. 5,
8, 9, 10 & 11), but some of the dates may be somewhat
younger than the local deglaciation.
The raised shorelines are good indicators of ice-free
conditions. Both the marine limit shoreline and the YD
Main Shoreline disappear close to the YD ice-marginal
deposits in Velfjorden (Fig. 12). This testifies to ice-free
conditions in the fjord prior to the YD glacial event and
that the fjord was ice-free at least to the same extent as
when the Main Shoreline was formed, but it is unknown
precisely when the marine limit shoreline formed.

Is there evidence of a Younger Dryas ice-sheet
readvance?
There are several circumstances that point to a YD icesheet readvance in southern Nordland, but only one
that establishes that such an advance occurred. The
distribution of marginal moraines suggests that the ice
sheet advanced significantly uphill in many areas, e.g.,
deposited large end moraines at more than 350 m asl.
west of Bindalsfjorden (Fig. 3B) and 500–700 m asl.
north of Velfjorden (Fig. 2). In the case of a prolonged
or temporary ice-sheet stand-still, ice-marginal features
would have been much more topographically confined
to topographical lows. Also, the continuity, size and
morphology of both submarine and terrestrial icemarginal features attest to an ice-sheet advance, and that
this occurred along the entire studied margin.
Drift landforms and abrasion of bedrock reflect fast
ice flow towards the margins of the ice sheet. The ice
transport direction inferred from the mapped landforms
differs from the regional direction related to earlier
phases of the glaciation, but such landforms are not
unequivocally related to an advancing ice-margin.
Shells dated to the Allerød Interstadial that are overrun
and incorporated in diacmictons within the YD terminal
zone, constitute the sole evidence of an ice-sheet
advance. The dated shells also establish a minimum icesheet advance of 5 km during YD. This is less than the
>30 km large readvance reported from northern (Vorren
& Plassen, 2002; Bergstrøm et al., 2005) and western
(Mangerud et al., 2016) Norway, and the c. 10 km
readvance in southern Norway (Bergstrøm, 1999). Based
on this, a larger readvance may also have taken place in
southern Nordland. Studies from both Trøndelag (Reite,
1994: >35 km) and southern Nordland (Andersen et
al., 1982) point to overriding of fine-grained sediments
as evidence of a large readvance, but there are no
existing dates that establish this assumption. Our data
thus constitute the first dated regional evidence of an
advancing YD ice sheet during the Tjøtta–Tautra event.
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Conclusions
– We have mapped a near continuous zone of large icemarginal features in southern Nordland, Norway, and
thus linked the established Tjøtta and Tautra Younger
Dryas glacial events.
– The data show that rapidly flowing ice-streams
operated in Velfjorden and Ursfjorden during the
Younger Dryas stadial, as highly elongated glacial
drift features such as MSGLs are seen to feed into
large depocentres – e.g., a previously undescribed
sedimentary wedge – in the fjord-terminating part of
the former ice sheet.
– Radiocarbon dates of shell-bearing stratigraphical
units show that Ursfjorden became ice-free in the
Allerød Interstadial, before an ice-sheet readvance
during the Younger Dryas chronozone buried the
sediments. Whole shells found close to the YD Main
Shoreline have been dated to 12–12.9 cal ka BP, which
suggest that the ice-marginal features mapped in this
study were deposited during early to mid-Younger
Dryas. The calibrated radiocarbon dates located inland
of this ice-marginal zone suggest a late Younger Dryas
to early Holocene deglaciation age.
– Our data establish that a >5 km large YD ice sheet
readvance occurred in southern Nordland during the
Tjøtta–Tautra event, but the full extent of this advance
remains unknown.
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