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Abstract

Kongsfjorden, a fjord in north-western Svalbard, is characterized by large envi-
ronmental gradients driven by meltwater processes along the margins of tidewater 
glaciers and the inflow of relatively warm Atlantic Water, the main heat source for 
the European Arctic. These factors make Kongsfjorden a key area to investigate 
changes in the polar climate–ocean–glacier system and to examine the resulting 
effects on the marine environment. The aim of this paper is to synthesize knowl-
edge about the marine sedimentary environment in Kongsfjorden since the last 
deglaciation. Fjords act as natural sedimentary traps, archiving information about 
past and present environmental conditions and changes. Geological studies of 
Kongsfjorden have demonstrated a good potential for reconstructing palaeoenvi-
ronments and establishing baselines values for the natural climate changes in the 
Arctic. Palaeoceanographic reconstructions reveal rising water temperatures similar 
to modern temperatures ca. 12 000 years ago. The extent of warm Atlantic Water 
entering the fjords influences processes at, and the stability of, the margins of the 
tidewater glaciers. Enhanced inflow may cause accelerated glacial melting that, in 
consequence, leads to an increase in the sediment flux from the glacial catchments 
into the fjord, as observed ca. 12 000 years ago and at present. However, responses 
of sediment flux to modern environmental changes remain poorly understood, 
hence long-term and monitoring studies are needed to quantify and model the 
effects of climate warming on the sedimentary environment of Kongsfjorden.

Introduction

Modern climate change has resulted in elevated oceanic 
water temperatures in the Arctic, with the consequence 
of reducing summer sea-ice extent and accelerating the 
retreat of ice sheets (e.g., Richter-Menge et al. 2017). 
This can greatly affect the finely balanced environment 

of the region, causing, for example, ecological regime 
shifts in marine benthos (Kortsch et al. 2012) or changes 
of kelp biomass (Bartsch et al. 2016). It may also inhibit 
the seasonal production of local sea ice and add freshwa-
ter into coastal and oceanic regions (e.g., Carmack et al. 
2015). As a result, there is an urgent need to improve our 
understanding of the short- and long-term effects, and 
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feedbacks, of polar climate change. Arctic fjords can pro-
vide valuable information on this, and previous investi-
gations of Svalbard fjords have demonstrated that these 
possess sediment archives that allow us to reconstruct 
environmental changes and establish baseline values for 
change in the Arctic (e.g., Hald & Korsun 2008; Forwick 
& Vorren 2009; Rasmussen et al. 2012; Jernas et al. 2013; 
Pawłowska et al. 2016). The main heat source for the 
European Arctic is the northward flow of warm, saline 
and nutrient-rich AW via the North Atlantic Current 
(Aagaard & Carmack 1994; Rudels et al. 1994). Through 
the supply of heat, this current has a major influence on 
the environmental conditions in the Arctic, and hence, 
the variability of AW is a principle driver of environmen-
tal change in western Svalbard.

Kongsfjorden is part of the Kongsfjorden– Krossfjorden 
system (Fig. 1) in north-western Svalbard, which is 
directly influenced by AW entering the fjords (e.g., Svend-
sen et al. 2002; Sundfjord et al. 2017;  Jernas et al. 2018). 
The supply of AW into the fjords may lead to increased 
calving of tidewater glaciers and occasionally to accel-
erated glacial retreat and more meltwater in the fjords 
(e.g., Luckman et al. 2015). Previous studies have shown 
an increase in heat transport to the Arctic Ocean since 
1995 (e.g., Beszczynska-Möller et al. 2012; Nilsen et al. 
2016; Polyakov et al. 2017), and an increased advection 
of AW along western Svalbard was observed in 2005–06 
( Cottier et al. 2007). This resulted in a temperature and 

salinity maximum of AW in the Fram Strait region in 2006 
 followed by a rapid decrease (Walczowski et al. 2012). The 
temperature increase of AW in 2006 seems to be unprec-
edented when compared to reconstructed ocean tempera-
tures for the last two millennia (Spielhagen et al. 2011). 
Studies of palaeoproxy records by Jernas et al. (2013) have 
shown how fluctuations in the benthic foraminiferal fauna 
seem to be linked to changes in ocean temperatures during 
the last two millennia, presumably reflecting variations of 
AW inflow into Kongsfjorden (Fig. 1). These reconstruc-
tions included the LIA and MCA, two prominent climate 
anomalies of the last millennium occurring in the North 
Atlantic region (e.g., Lamb 1977). The transition between 
these periods was also reflected in the higher production 
of planktonic foraminifera and an overall change in species 
composition on the continental shelf offshore north-west-
ern Svalbard (Spielhagen et al. 2011). Ślubowska et al. 
(2005) revealed a similar signature of the Early Holocene 
warming on the continental margins around Svalbard. 
This is considered a general pattern for the European 
Arctic and north-eastern Atlantic region (e.g., Hald et al. 
2007; Aagaard-Sørensen et al. 2010; Aagaard-Sørensen et 
al. 2014; Werner et al. 2016) and in fjords on the west-
ern coast of Spitsbergen (e.g., Hald et al. 2004; Forwick & 
Vorren 2009;  Risebrobakken et al. 2011; Rasmussen et al. 
2014). The rising ocean temperatures and waning sea-ice 
extent that occurred during the early Holocene are similar 
to the present-day observations. By analysing the regional 
temporal and spatial patterns of climate responses to this 
past warm period, we may demonstrate that the early 
Holocene may serve as an analogue for the current and 
future development of the ongoing warming in the Arctic.

The inflow of AW to the Kongsfjorden–Krossfjorden 
system also greatly influences the tidewater glaciers in 
the fjord system and may accelerate glacial melting (e.g., 
Luckman et al. 2015). A direct consequence of this is an 
increase in the sediment flux from the glacial catchments 
into the fjord system (e.g., Szczuciński et al. 2009). The 
enhanced input of glacigenic sediments has an impact on 
light penetration in the water column, temperatures and 
salinity. These changes in hydrography, glacial meltwater 
flux and sediment flux affect the benthic ecosystem, with 
impacts on all trophic levels (e.g., Wlodarska-Kowalczuk 
et al. 2005).

The Kongsfjorden–Krossfjorden system has been the 
focus of major scientific attention, resulting in many 
studies on a variety of topics. However, comprehensive 
reviews have focused mostly on modern oceanographic 
and physical conditions (Svendsen et al. 2002; Hop et al. 
2006) as well as marine biology and ecosystems in the 
Kongsfjorden–Krossfjorden system (Hop et al. 2002; 
Hop et al. 2006; Wiencke & Hop 2016). Here, we pres-
ent a review of the current knowledge of the present and 

Fig. 1 Index map showing Svalbard and dominating current systems. The 

red lines are branches of the West Spitsbergen Current. The pink line is 

the Spitsbergen Trough Current. The blue line is the Spitsbergen Polar 

Current. Modified from Nielsen et al. (2016). The black square shows the 

location of the Kongsfjorden–Krossfjorden system, as shown in Fig. 3.
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past marine sedimentary environment in Kongsfjorden. 
The review ranges from peak glacial conditions during 
the LGM through the Holocene, with peak warm con-
ditions showing natural ranges for change within Arctic 
glaciomarine environments.

Regional setting of the Kongsfjorden–
Krossfjorden system

The archipelago of Svalbard is surrounded by the Arc-
tic Ocean to the north, the Barents Sea to the south and 
east, and Fram Strait to the west. The Kongsfjorden– 
Krossfjorden system is a fjord system located between 
78°40’ and 77°30’N and 11°03’ and 13°06’E that incises 
the north-western coastline of Spitsbergen, the largest 
island of the archipelago (Fig. 1). It continues across the 
continental shelf as a cross-shelf trough, Kongsfjordrenna 
(Howe et al. 2003; Ottesen et al. 2007; Dowdeswell et al. 
2016).

The large-scale bathymetry of the Kongsfjorden–
Krossfjorden system is a result of the surrounding bed-
rock geology and glacial processes (Elverhøi et al. 1983; 
Sexton et al. 1992; Howe et al. 2003; MacLachlan 
et al. 2010; Streuff et al. 2015). The region surround-
ing Kongsfjorden and Krossfjorden includes the tectonic 
boundary between the Tertiary Fold and Thrust Belt to 

the south-west and the older, predominantly metamor-
phic,  Northwestern Basement Province to the north-east 
(Bergh et al. 2000). The axis of Kongsfjorden is oriented 
parallel to the thrust front. North of Kongsfjorden, the 
bedrock consists of medium-grade metamorphic mar-
bles, mica-schists and quartzites of Proterozoic age. The 
islands of Blomstrandhalvøya and Lovénøyane are com-
posed of marbles with Devonian-age Old Red Sandstone 
in isolated outcrops (Fig. 2). Devonian sedimentary 
rocks, for example, “Old Red Sandstones”, also occur 
in the region east of Kongsfjorden, where they overlay 
basement units belonging to the Northwestern Basement 
Province. The land area south of Kongsfjorden consists 
of sedimentary rocks of Late Palaeozoic and Palaeogene 
age, and low-metamorphic Proterozoic phyllite, marble 
and schists of the Kongsvegen Group (Dallmann 2015). 
At Ny-Ålesund, the bedrock comprises Palaeogene coal, 
conglomerates, sandstones and shales of the Ny-Ålesund 
Subgroup, also part of the Tertiary Fold and Thrust Belt 
(Dallmann 2015).

Kongsfjorden is 20 km long, with a variable width of 
4–10 km. A submarine sill separates Kongsfjorden from 
the trough Kongsfjordrenna (Fig. 3). The sill has the form 
of a submarine spur extending from the northern coast 
at the mouth of Kongsfjorden. The water depth of the 
sill increases from less than 50 m in the northern parts 
of the trough to 250–300 m (Howe et al. 2003), so it is 

Fig. 2  IRD concentration in surface sediment samples from the Kongsfjorden–Krossfjorden system. Samples that were collected in 2008 (cruise NP08-

16) are marked with green and samples from 2009 (cruise NP0 9–13) are marked with red. Modified from Dallmann (2015).
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only a modest barrier to water mass exchange between 
the fjord and the open shelf (e.g., Svendsen et al. 2002). 
A deep basin of 394 m water depth occurs in the outer 
part of Kongsfjorden, close to the fjord mouth. Inside the 
fjord, towards the peninsula Blomstrandhalvøya, water 
depth decreases to less than 100 m (Howe et al. 2003). 
It remains shallower than 100 m in the inner fjord part. 
Towards the Lovénøyane islands, as well as towards the 
glacier front, water depths decrease further to less than 
50 m (Fig. 3).

Krossfjorden separates from Kongsfjorden at the 
fjord mouth extending to the north (Fig. 3). The fjord 

is 30 km long and has a width of 3–6 km. An outer sill 
of 250–300 m water depth separates Krossfjorden from 
Kongsfjorden (Sexton et al. 1992). The outer part of 
 Krossfjorden is up to 374 m deep (MacLachlan et al. 
2010). Towards the north, Krossfjorden bifurcates into 
two minor fjords (Fig. 3). The water depths in these two 
inner fjords are ca. 250–100 m (Sexton et al. 1992).

Two water masses, AW and Arctic Water, dominate the 
hydrography in Kongsfjordrenna (Cottier et al. 2005). 
Relatively warm and saline AW flows northward in the 
West Spitsbergen Current along the West Spitsbergen 
Margin, transporting heat northward (Schauer et al. 

Fig. 3  Bathymetric map showing Kongsfjorden and surroundings. Depths are given in metres. Oceanographic stations Kb0–Kb5 are indicated with black 

dots. The asterisk shows the location of sediment cores NP05-21GC and NP05-21MC (Skirbekk et al. 2010; Jernas et al. 2013). Names of some of the tidewater 

glaciers have been abbreviated as follows: “Conway” is Conwaybreen, “Kongs” is Kongsbreen, “Krone” is Kronebreen and “Kongsvg” is Kongsvegen.
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2004) (Fig. 1). AW also flows onto the shelf and pen-
etrates into troughs as the Spitsbergen Trough Current 
(Nilsen et al. 2016). The Spitsbergen Polar Current—
flowing parallel to the West Spitsbergen Current and 
Spitsbergen Trough Current and closer to the coast—
transports colder and less saline Arctic Water originating 
from the Barents Sea and Storfjorden area (Nilsen et al. 
2016) (Fig. 1). AW enters Kongsfjorden when the front 
between AW and Arctic Water is unstable, allowing AW 
to spread onto the shelf and into the trough. Factors 
affecting the stability of the front include atmospheric 
forcing (e.g., wind-driven advection [Cottier et al. 2007]) 
or density/pressure changes of the water masses (e.g., 
Svendsen et al. 2002; Tverberg & Nøst 2009; Inall et al. 
2015; Nilsen et al. 2016). AW inflow to Kongsfjorden is 
driven by different factors such as freshwater runoff, sur-
face heat fluxes, vertical mixing and wind forcing within 
the fjord (Cottier et al. 2005). During spring, solar radia-
tion melts the sea ice and warms the surface water layer, 
making the upper water masses less dense and increasing 
the stratification (Fig. 4). The upper fresh water masses 
flow out of the fjord, and in return, AW and coastal water 
of intermediate salinity flow into Kongsfjorden (Svend-
sen et al. 2002). AW inflows occur all year round, and 
it may be substantial during winter (Cottier et al. 2007; 
Berge et al. 2015). A recent study of the AW inflow in 
Kongsfjorden (Sundfjord et al. 2017) has shown that 
local winds strongly influence the inflow in summers and 
winters, whereas estuarine circulation driven by glacial 
meltwater only occurs during summer and is less import-
ant. In autumn and winter, the surface water masses cool 
and sea ice is formed and brine is released (Cottier et al. 
2005; Cottier et al. 2010; Sundfjord et al. 2017). These 
processes increase the density of the upper water masses 
and by vertical mixing the water column is renewed (e.g., 
Cottier et al. 2010). It has to be noted that both the extent 
and thickness of sea ice in Kongsfjorden have diminished 
since 2006 (Gerland & Renner 2007).

Material and methods

Bathymetry and submarine landforms have been mapped 
using swath-bathymetry data (Howe et al. 2003; Ottesen 
et al. 2007; MacLachlan et al. 2010; Forwick et al. 2015; 
Streuff et al. 2015) and single-beam echo sounder data 
(Ottesen et al. 2007), in addition to sub-bottom profiler 
data (Elverhøi et al. 1983; Howe et al. 2003; MacLach-
lan et al. 2010; Trusel et al. 2010; Kehrl et al. 2011; 
Streuff et al. 2015). Modern glaciomarine sedimentation 
processes have been investigated using sediment traps, 
a SeaTech transmissometer and an optical backscatter 
device (Trusel et al. 2010) or broadband acoustic Doppler 

current profiler (Meslard et al. 2018), together with water 
samples, to quantify concentrations of suspended particu-
late matter. Other lithological investigations and/or palae-
oceanographic reconstructions are based on gravity cores 
(Howe et al. 2003; Skirbekk et al. 2010; Jernas et al. 2013; 
Rasmussen et al. 2014; Streuff et al. 2015), box cores 
(Elverhøi et al. 1980; Elverhøi et al. 1983; Kumar et al. 
2018) and multi-cores (Jernas et al. 2013). New data on 
grain size distribution (<2 mm) in the surface sediments 
(multi corer samples 0–1 cm) have been obtained with 
laser-diffraction particle size analysis using a Fritsch Anal-
ysette A22 instrument ( Dijkstra 2009). Existing data from 
Kumar et al. (2018) from box cores were obtained using a 
CILAS 1090 Laser Particle Size Analyser, whereas Streuff 
et al. (2015) used a Beckman Coulter LS13320 Laser Dif-
fraction Particle Size Analyser on samples from gravity 
cores. For this study, new data presenting rock fragments 
>4 mm in size from multi-cores have been analysed to 
quantify the coarse IRD concentration in the upper 
≤70 cm of the sediments (Dijkstra 2009; Boos 2012). The 
samples were sieved at the >4 mm size fraction, and all 
grains were counted to get actual grain counts per unit 
volume (IRD/dm3). Palaeoceanographic reconstructions 
are based on benthic and planktic foraminiferal faunas, 
transfer-function calculations of sub-surface and bottom 
water temperatures in addition to stable isotope mea-
surements of δ18O and δ13C of the calcareous foramin-
iferal shells (e.g., Rasmussen et al. 2014 and references 
therein). Chronologies were established from AMS 14C 
and 210Pb datings (e.g., Skirbekk et al. 2010; Jernas et al. 
2013; Streuff et al. 2015). AMS 14C dates were calibrated 
to calendar years using the calibration programmes OxCal 
(Ramsey 2009) or CALIB (Stuiver & Reimer 1993) with 
the marine calibration curve Marine09 (Reimer et al. 
2009). A regional reservoir age (ΔR) of 105 ± 24 years 
(Mangerud et al. 2006) was applied for the calibration of 
the 14C dates.

Glacier dynamics and marine sedimentary 
processes since the LGM

During the LGM most of north-west Svalbard, except for 
some nunataks, was covered by the north-western parts 
of the Svalbard Barents Sea Ice Sheet (e.g., Landvik et al. 
2003). Parts of the ice sheet were drained by fast flowing 
ice streams through fjords and troughs across the shelf 
to the shelf break. There were also areas with less active 
ice movement (Landvik et al. 2005; Ottesen & Dowde-
swell 2009; Landvik et al. 2013). The ice sheet reached 
its LGM extent between ca. 24 and 23.5 Kya (Jessen 
et al. 2010). Ottesen et al. (2005) identified mega-scale 
glacial lineations in the Kongsfjordrenna, suggesting 
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that Kongsfjorden acted as a conduit for a fast-flowing 
ice stream during the last glacial (Landvik et al. 2005; 
Ottesen et al. 2007). The deglaciation began at ca. 20.5 
Kya at the shelf edge, and the north-western part of the 
fjord mouth was deglaciated before 14.4 Kya (Jessen 
et al. 2010; Henriksen et al. 2014).

Transverse ridges (moraines) and grounding-zone 
wedges in the Kongsfjordrenna and in Kongsfjorden sug-
gest that the ice front halted and/or re-advanced repeatedly 
during the deglaciation (e.g., Howe et al. 2003; Ottesen 
et  al. 2007; Dowdeswell et al. 2016). MacLachlan et al. 
(2010) suggested that some moraines might be annual 
retreat moraines. The deglacial retreat to the early Holocene 
minimum position terminated around 10.2 Kya/9440 ± 
130 14C years before the present (Lehman &  Forman 1992). 
During and after the deglacial retreat, sediments were 
deposited from suspension settling and ice rafting result-
ing in accumulations of massive mud up to 20 m in thick-
ness, with scattered IRD in the outer and central basins 
of Kongsfjorden (e.g., Elverhøi et al. 1980;  Elverhøi et al. 
1983; Howe et al. 2003). Sediment reworking occurred 
repeatedly, through slope failures on the slopes in the cen-
tral and distal fjord giving rise to debris lobes (e.g., Howe 
et al. 2003; Forwick et al. 2015), as well as from rework-
ing of proglacial deposits during glacier advances (Fig. 5), 
either due to climatic cooling during the LIA or due to gla-
cial surges (Hagen et al. 1993; Streuff et al. 2015).

Many ice-field outlets on Svalbard are surge-type gla-
ciers (e.g., Farnsworth et al. 2016), and within Kongs-
fjorden three glaciers—Blomstrandbreen, Kronebreen 
and Kongsvegen—have surged during the last ca. 150 
years (Hagen et al. 1993; Streuff et al. 2015). The sea-
floor of the inner part of Kongsfjorden reveals character-
istic landform assemblages of moraines, crevasse-squeeze 
ridges and glacial lineations (Fig. 5). They reflect differ-
ent stages of glacier advance, stagnation or retreat due 

to climatic forcing or surges caused by internal glacier 
dynamic (e.g., Forwick et al. 2015 and references therein).

Modern sedimentation and sediment 
accumulation rates

Sediment supply in glaciated fjords can occur by a variety 
of processes. The dominant process in the fjord today is set-
tling of fine-grained sediments from meltwater plumes and 
ice rafting (e.g., Elverhøi et al. 1980; Elverhøi et al. 1983; 
Howe et al. 2005; Streuff et al. 2015; Meslard et al. 2018). 
Tidewater glaciers can supply sediments from clay to boul-
ders, but clay and silt are typically transported over large 
distances in Kongsfjorden (e.g., Forwick et al. 2015). Rivers 
are also a dominant source of sediment supply to the fjord, 
transporting mainly fine-grained sediments (Forwick et al. 
2015). Geomorphological changes along the south coast also 
document terrestrial sediment input along the fjord shore 
(Bourriquen et al. 2016). Previously unpublished studies 
analysing grain size distributions of the surface sediments 
(<2 mm) show that Kongsfjorden, Krossfjorden and Kongs-
fjordrenna are characterized by very similar fine-grained, 
bi- or trimodal grain-size distributions (Fig. 6). The distri-
butions show the dominance of suspension settling from 
meltwater plumes (modes at ca. 2–3 µm and 10–20 µm) 
in addition to a secondary mode at >100 µm, most likely 
reflecting material transported and deposited from icebergs 
or sea ice, the so-called IRD. Studies by Kumar et al. (2018) 
have also found a bi-modal grain size distribution in sur-
face sediments in the Kongsfjorden–Krossfjorden system, 
reflecting these two processes of sedimentary deposition. 
The coarse-grained IRD content (rock fragments >4 mm) 
reveals large spatial differences in sediment composition 
within the Kongsfjorden–Krossfjorden system (Figs. 2, 6). 
IRD content is low in inner Kongsfjorden and throughout 

Fig. 4  A profile of summer temperature and salinity along the fjord. The positions of the stations are shown in Fig. 3. Modified from Sundfjord et al. (2017).
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Fig. 5  Swath bathymetry of inner Kongsfjorden revealing glacial landforms reflecting repeated glacier halts and readvances (after Forwick et al. 2015; 

Streuff et al. 2015). Data provided by the Norwegian Hydrographic Service.

Krossfjorden, whereas it is high in the central part of Kongs-
fjorden and at some locations in Kongsfjordrenna (Fig. 2). 
The spatial difference in IRD amount is most likely caused 
by several factors. They include increased dilution by melt-
water plume fines resulting in low IRD content in inner 
Kongsfjorden and/or that IRD is transported further off-
shore with icebergs than clay- and silt-sized sediment with 
meltwater plumes, in addition to differences in bedrock 
geology in the glacial drainage basins.

Elverhøi et al. (1983) have estimated that the average 
sediment accumulation rate was 0.1–1.0 mm/year for the 
central part of Kongsfjorden since the last deglaciation and 
50–100 mm/year for the inner fjord basin since the more 
recent glacier retreat since the LIA. Streuff et al. (2015) 
estimated the sediment accumulation rate to be 300 mm/
year in the innermost part of Kongsfjorden, 2.5 km from 
the glacier front, immediately after a surge of Kronebreen 

reached its maximum position in 1948. However, it dropped 
rapidly to ca. 18 mm/year as the glacier front retreated. 
Modern sediment accumulation rate values just in front of 
the glaciers Kongsvegen and Kronebreen are calculated to 
be >1 m/year (Trusel et al. 2010; Kehrl et al. 2011). It has 
been estimated that the  Kronebreen–Kongsvegen glaciers 
discharge ca. 2.5 million tonnes of sediments during the 
summer melting period (Meslard et al. 2018).

The evolution of the coast in Kongsfjorden can be linked 
to the retreat of terrestrial glaciers, and the development of 
the prodeltas (submarine parts of the deltas), representing 
a significant volume of sediments deposited directly into 
the fjord (Bourriquen et al. 2016). However, sediment sup-
ply from prodeltas is rarely taken into account, as they are 
located close to the land and mainly between 5 and 25 m 
of water depth, providing challenging conditions for map-
ping. The quantification of the evolution of the submarine 

http://dx.doi.org/10.33265/polar.v38.3380


Citation: Polar Research 2019, 38, 3380, http://dx.doi.org/10.33265/polar.v38.33808
(page number not for citation purpose)

The marine sedimentary environments of Kongsfjorden K. Husum et al.

prodeltas has been estimated from side-scan sonar mosaics, 
revealing that their extent expanded by ca. 40 000 m2 from 
2009 to 2012 (Fig. 7; Bourriquen et al. 2016). The related 
increased volume of fine-grained sediment supply to the 
fjord, resulting in expanding prodeltas, probably also gave 
rise to an increase of the fjord turbidity. An overall pro-
gradation of the coast can be observed from 1966 to 2012 
(Fig. 7). Some parts of the coastline have retreated, yet most 
of the coastlines have prograded within specific areas linked 
to the location of the prodeltas (Bourriquen et al. 2016).

Palaeoceanographic changes since the LGM

AW reached Svalbard only for shorter intervals during the 
last glacial (14.5–19.5 Kya, 22.5–29 Kya, 34.5–37 Kya, 
42.5–47.5 Kya, ca. 49–51 Kya, ca. 54–60 Kya), correlat-
ing temporarily with Heinrich events supplying mois-
ture and precipitation for ice sheet growth in the region 
(Hebbeln et al. 1994; Dokken & Hald 1996; Kremer et al. 
2018). Since the deglaciation, there has been a continu-
ous inflow of AW northwards along the West Spitsber-
gen Margin and through the Barents Sea into the Arctic 
Ocean (e.g., Aagaard-Sørensen et al. 2010; Risebrobak-
ken et al. 2010). The first inflow of AW into Kongsfjorden 
occurred after 11.8 Kya, which coincides with a period of 
glacial retreat to the early Holocene minimum position in 
the fjord as inferred by a high IRD flux (Skirbekk et al. 
2010). However, these warmer conditions were shortly 
interrupted during the Preboreal Oscillation around 11.3 
Kya. The inflow of AW in the eastern Nordic seas was 
at its maximum at 10 Ky (Risebrobakken et al. 2011), 
and a strong influence of AW is recorded at the mouth 
of Kongsfjorden from 10.6 to 7.0 Kya (Table 1; Skirbekk 
et al. 2010). This is reflected, for example, by a high pro-
duction of benthic foraminifera in sediment core NP05-
21GC (Fig. 3) and a high frequency of Buccella species 
that are characteristic of high productivity and low IRD 
flux (Fig. 8; Skirbekk et al. 2010). Further investigations 
by Rasmussen et al. (2014) using planktic and benthic 
foraminiferal species and stable oxygen measurements 
(δ18O, δ13C) found that AW on the west Spitsbergen mar-
gin displayed the highest sea-surface and bottom water 
temperatures from 11.5 to 8.2 Kya (except for the Pre-
boreal Oscillation). However, transfer functions (planktic 
foraminifera) indicate that the subsurface water masses 
were the warmest between ca. 9 and 6 Kya. The com-
parison of this water-temperature reconstruction with 
relative palaeocurrent speed reconstructions using sort-
able silt from the south-western Spitsbergen shelf sug-
gests a maximum heat flux at 9.0–7.5 Kya (Sternal et al. 
2014). Subsequently, both subsurface and bottom water 
masses cooled, reaching minimum temperatures between 

Fig. 6  (a) Mean grain-size distributions (GSD) [of surface sediment sam-

ples from the Kongsfjorden–Krossfjorden system. Grain-size distributions 

(thin grey lines) and their mean (bold lines) of surface sediment samples 

from (b) Krossfjorden, (c) Kongsfjordrenna and (d) Kongsfjorden. The loca-

tions of the sampling stations are shown in Fig. 2.
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5 and 2 Kya. This is in accordance with statistical analy-
ses by Sejrup et al. (2016), showing different Holocene 
marine temperature trends in the eastern Nordic seas. 
Sejrup et al. (2016) found that the coldest millennium 
occurred prior to 5 Kya in the south-east and after 5 Kya 
in the nort-heast Nordic seas. This is reflected in the ben-
thic foraminifer fauna in Kongsfjorden by a decreased 

Fig. 7 (a) The evolution of the prodeltas (numbered from 3 to 7) with regard to area (m2) in addition to advance (green line) and decrease (red line). (b) The 

quantitative values of the coastal evolution from 1966 to 2016 (m). Advance is shown with positive values and green bars. Decrease is indicated with negative 

values and red bars. (c) The hydrographic network of the area in 2012. (d) The rate of the coastal evolution (m/year). Modified from  Bourriquen et al. (2016).

Table 1 Location and water depth of the sediment cores from Skirbekk 

et al. (2010) and Jernas et al. (2013). Data from these cores are shown 

in Fig. 8.

Core ID Core type Latitude Longitude Water depth (m)

NP05-21MC Multicorer 79 03.0 N 11 05.5 E 326

NP05-21GC Gravity corer 79 03.0 N 11 05.4 E 327
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production of benthic foraminifera and an increase of the 
glacio marine species Elphidium excavatum f. clavata (Fig. 8; 
Skirbekk et al. 2010). This colder environment existed 
under enhanced glacial influence, as reflected by an 
elevated IRD flux (Skirbekk et al. 2010). After 2.0 Kya, 
conditions became unstable (Rasmussen et al. 2014). 
Reconstructions by Jernas et al. (2013) reveal fluctuating 
conditions, yet an overall warming of bottom waters at 
the fjord mouth of Kongsfjorden during the past two mil-
lennia as E. excavatum f. clavata decreases (Table 1, Fig. 8; 
Jernas et al. 2013). An enhanced inflow of AW to Kongs-
fjorden occurred between 700 and 1200 CE, and after-
wards a highly productive oceanographic front developed 
near the fjord mouth from 1200 to 1500 CE during the 
MCA. This period was characterized by the highest IRD 
flux recorded for the investigated last two millennia and 
can be explained mainly by enhanced glacial activity on 
land. During the following LIA (1500–1900 CE) AW still 
flowed into Kongsfjorden, but productivity was reduced 
(Fig. 8; Jernas et al. 2013). Jernas et al. (2013) attribute 
the relatively elevated IRD flux during the LIA (reduced 

in comparison to the MCA) to (1) limited erosion of gla-
ciers, the trapping of icebergs within fjords owing to more 
permanent sea-ice cover, forcing the icebergs to release 
their debris in the fjords, or/and (2) cold surface waters 
preventing icebergs from releasing their debris before 
passing the core location. After 1900 CE, advection of 
AW and productivity increased. Investigations of the 
modern benthic foraminiferal fauna (Jernas et al. 2018) 
show additional faunal changes after the increased inflow 
of AW after 2005 (Cottier et al. 2007). The frequency of 
E. excavatum f. clavata is strongly reduced, while the fre-
quency of Cassidulina reniforme is low, and the benthic for-
aminiferal fauna is dominated by Nonionellina labradorica 
(Fig. 8; Jernas et al. 2018). The Buccella and Islandiella spe-
cies are relatively abundant (Fig. 8). Nonionellina labrador-
ica is characteristic of water masses with a high amount 
of available nutrition and high biological productivity, 
supporting the view of an inflow of warmer nutrient-rich 
waters (Jernas et al. 2018). A high- resolution study from 
the West Spitsbergen Slope inferred that the subsurface 
temperatures were relatively stable during the past two 

Fig. 8 Relative abundance of selected Holocene benthic foraminifera in Kongsfjorden. Note different scales on the y axis (years). Data originate from stud-

ies by Skirbekk et al. (2010), sediment core NP05-21GC (10 000–0 BCE), Jernas et al. (2013), sediment cores NP05-21GC and NP05-21MC (400–2000 CE), 

and Jernas et al. (2018), surface sediment samples from 2005 to 2008 CE.
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millennia until 1900 CE, after which time the tempera-
tures increased markedly (Spielhagen et al. 2011). A 
reconstruction of summer air temperature based on lake 
sediments shows the same trend, with stable tempera-
tures over a period of 1800 years and a sudden increase 
after 1900 CE (D’Andrea et al. 2012).

Discussion and concluding remarks

Since the last glacial, the Kongsfjorden–Krossfjorden sys-
tem has gone through significant environmental change 
from being filled by a fast-flowing ice stream (e.g., Ottesen 
et al. 2007) to becoming an open fjord, still influenced by 
tidewater glaciers. During the early Holocene there was 
also a strong influence of AW in Kongsfjorden, as seen 
for the whole region (e.g., Hald et al. 2004; Forwick & 
Vorren 2009; Baeten et al. 2010; Skirbekk et al. 2010; 
Rasmussen et al. 2012; Rasmussen et al. 2014; Werner 
et al. 2016). Both the solar forcing and the inflow of AW 
decreased in the mid-Holocene, resulting in a cooling and 
glacier growth in Svalbard (e.g., Hald et al. 2004; For-
wick & Vorren 2009; Rasmussen et al. 2012). Within the 
last two millennia, the glaciers on Svalbard fluctuated 
repeatedly. The climate events MCA and LIA were caused 
by several factors. One factor shaping both events was 
atmospheric forcing, as the North Atlantic Oscillation was 
in a strong positive mode during the MCA and neutral 
to vaguely negative during the LIA (Trouet et al. 2009). 
Solar and volcanic forcing (Shindell et al. 2003) also 
contributed to LIA cooling. The water masses in Kongs-
fjorden show fluctuations that seem to reflect MCA and 
LIA by changes in productivity and subtle faunal changes 
in addition to showing an overall increasing influence of 
AW during the past two millennia towards the present 
day (Jernas et al. 2013). When comparing the benthic 
foraminiferal fauna from the early Holocene with the 
modern fauna from 2006, it seems that they are, to some 
extent, different. The modern fauna shows a somewhat 
higher relative abundance of N. labradorica and somewhat 
lower abundance of C. reniforme compared to the fauna of 
the early Holocene, possibly reflecting more nutrient-rich 
conditions now than during the early Holocene (Fig. 8). 
The causes of this difference remain to be identified, and 
there is a need to monitor the current changes to improve 
the understanding of the effects of climate change on the 
marine environments of Svalbard fjords, for example, 
with regard to hydrography and glacier extent. Recon-
structions of sea ice in Kongsfjorden in the past are still 
pending. Such reconstructions are necessary to enable 
comparisons between natural warm periods of the past 
(the early Holocene and MCA) and the modern warm-
ing. Such reconstructions can be based on the analyses of 

sea-ice proxies, like sea-ice diatoms (e.g., Justwan & Koç 
2008; Miettinen et al. 2015) or sea-ice biomarkers from 
highly branched isoprenoids (e.g., Belt & Müller 2013; 
Belt et al. 2017). These modern reconstruction tech-
niques together with ongoing studies on sediment cores 
taken both from inner and outer Kongsfjorden will help 
to improve our understanding of the ocean, sea-ice and 
atmosphere interactions of the area in the future.

Changes in the fjord environment due to modern 
warming are affecting the present-day biotic system and 
will likely continue to do so in the future. The increased 
glacier melting and sediment flux from both the glaciers 
and the coast into the fjord will affect the natural habi-
tats and the ecosystem, with impacts on all trophic levels. 
Studies of macrozoobenthic communities by Wlodarska-
Kowalczuk et al. (2005) and Laudien et  al. (2007) have 
shown how iceberg scour and increased turbidity reduce 
the biomass and change the diversity. Kongsfjorden’s gla-
ciers are being monitored on a long-term basis (e.g., WGMS 
2009; Karner et al. 2013). However, long-term studies of 
coastline changes in Kongsfjorden are also needed to quan-
tify and constrain models to measure the impact of the 
climate warming on the whole Kongsfjorden ecosystem. 
Changes of glacier dynamics may also affect planktic and 
nektic fauna in the water column, in addition to seabirds 
and marine mammals (e.g., Lydersen et al. 2014 ; Urbanski 
et al. 2017). Hence, the current climate changes and their 
impacts make it imperative to increase our knowledge 
of climate–ocean–glacier systems. The Kongsfjorden–
Krossfjorden system is a natural archive that provides ref-
erence values for polar marine sedimentary environments.
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