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1.Introduction 

 

Abstract 
This study investigates the paleoceanographic changes in the Hinlopen Strait, situated between 

Spitsbergen and Nordaustlandet, through a multi-proxy analysis of sediment core HH15-1280-

GC (439 m water depth). Located near the Polar Front, this region is highly sensitive to even 

minor alterations in the ocean circulation and climate, which can be reconstructed from marine 

sediment records. The core was examined using a combination of foraminiferal and 

sedimentological parameters to elucidate the historical and pre-historical changes during the 

last 8000 years in the study area. This research aims to enhance our understanding of the 

region's paleoceanographic evolution and a better understanding of the factors controlling 

factors them. 
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1. Introduction 

1.1 Objectives 
The Svalbard margin in the northern Barents Sea is a key area for the evolution of 

paleoceanography and the influx of Atlantic Water at greater depths from the last deglaciation 

to the present day (Hald and Vorren, 1987). This project aims to illuminate these topics by 

employing a multi-proxy approach, focusing on foraminiferal and sedimentological records 

derived from a marine sediment core, collected at a depth of 439 meters in the Hinlopen Strait. 

To reconstruct the paleoceanographic shifts in the study area over time, we will examine an 

array of proxies, encompassing concentration of benthic and planktonic foraminifera, ice-rafted 

debris (IRD), magnetic susceptibility, XRD imaging, grain size distribution and distribution of 

dominant benthic foraminiferal species, AMS-14C dates, stable isotopes (18O and 13C), sortable 

silt, and other sedimentological data. Through the analysis of these data, we aim to enhance our 

understanding of the paleoceanographic variations in the region. 

Additionally, we intend to correlate our findings with data from other studies to provide a 

broader regional perspective. This method will enable us to construct a comprehensive picture 

of the Hinlopen Strait's paleoceanographic history, its connections to larger climatic shifts, and 

ocean circulation patterns. Ultimately, this project aspires to contribute to the understanding of 

the Hinlopen shelf's paleoceanographic history and its significance within the broader context 

of the Nordic seas' evolution during the Holocene period. 

1.2 Background 
The Holocene period, spanning from around 11.700 years ago to the present day (Walker et al., 

2009), represents a critical period in Earth's history marked by the end of the last ice age and 

the establishment of modern climatic and oceanographic conditions. The study of 

paleoceanographic changes during this period provides valuable insights into the complex 

interplay between climate, ocean circulation, and their impacts on marine ecosystems. The 

Hinlopen Strait, situated between Spitsbergen and Nordaustlandet in the Svalbard archipelago, 

offers a unique opportunity to investigate the paleoceanographic history of the region due to its 

sensitivity to environmental changes (Ślubowska et al., 2005; Bartels et al., 2018). 

The Hinlopen Strait is located in the Arctic region, where the inflow of warm Atlantic Water 

and cold Arctic Water influences the local and regional climate, ocean circulation patterns, and 

marine ecosystems (Fig 1). This area is particularly important for understanding the evolution 

of paleoceanography and the Atlantic Water influx at subsurface depths during the Holocene 
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period. The proximity of the Hinlopen Strait to the Polar Front (Fig 1) makes it an ideal location 

to study the impact of even minor shifts in the current system and their corresponding signals 

in paleoceanographic parameters. 

Recent environmental changes in the Arctic, such as rapid sea ice decline and increasing 

temperatures, have highlighted the urgency of understanding the region's natural variability to 

better predict and prepare for future changes. Investigating the paleoceanographic history of 

the Arctic helps contextualize these recent changes and provides insights into the potential 

consequences of continued environmental shifts. 

Previous research in the Nordic Seas has focused on the reconstruction of paleoceanographic 

conditions during the Holocene, utilizing various proxies such as foraminiferal and 

sedimentological records, magnetic susceptibility and other data and proxies (Hald and Vorren, 

1987; Jennings et al., 2002; Mangerud et al., 2004; Ślubowska et al., 2005; Ślubowska-

Woldengen et al., 2008). These studies have significantly contributed to our understanding of 

the region's paleoceanographic history, including its connections to larger climatic shifts and 

ocean circulation patterns.  

Rasmussen and colleagues have conducted several studies that have shed light on the 

paleoceanographic changes in the Nordic Seas during the Holocene. For instance, Rasmussen 

et al. (2007) analyzed the paleoceanographic evolution of the southwestern Svalbard margin 

since 20.000 14C years BP, providing valuable insights into the region's climatic and 

oceanographic history. Furthermore, Kristensen et al. (2013) investigated the oceanographic 

changes in the Nordic Seas during the last deglaciation, highlighting the intricate relationship 

between climate and ocean circulation in the region. 
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2. Geological and oceanographical setting 

2.1 Geological setting 

The Svalbard Archipelago is a group of islands situated in the high Arctic, spanning from 76° 

to 81°N (Fig 1). Despite its northern location, the archipelago's climate is affected by the West 

Spitsbergen Current (WSC), the northernmost extension of the North Atlantic Current. The 

WSC's influence on climatic conditions over the western coast of the high-latitude archipelago 

is apparent, with an average annual winter temperature of minus 12°C and an average July 

temperature of 5°C (Hisdal, 1998). 

Currently, sixty percent of the Svalbard archipelago is covered by glaciers and ice caps, 

including a significant portion of Svalbard (Ślubowska et al., 2005). The presence of these ice 

formations can significantly impact the marine environment by influencing ocean currents, sea 

levels, and sedimentation patterns. As such, studying the geological setting of the Svalbard 

region is essential to understand the area's paleoceanography. 

The Hinlopen Strait, which separates the largest island in the archipelago, Spitsbergen, from 

Nordaustlandet Island, is a crucial component of the region's geological setting. This strait is 

approximately 170 km long and is characterized by strong tidal currents that flow along its axis 

in a northerly direction with the rising tide and a southerly direction with the falling tide. At the 

northern mouth of the strait lies the Hinlopen Trough, a 400-meter-deep depression that extends 

north to the edge of the shelf (Ślubowska et al., 2005). 

The depression formed by the Hinlopen Strait and the trough extending northwards from it 

creates a distinct topographical feature on the middle and outer shelf of Svalbard. Additionally, 

the Hinlopen Strait is flanked by the ice cap of Nordaustlandet, and many glaciers on land calve 

into the strait, further contributing to its unique characteristics. These features can influence 

ocean currents and sedimentation patterns, making them crucial aspects of the region's 

geological setting. Understanding the topographical features of the Svalbard region, including 

the influence of ice caps and glaciers, is essential to accurately reconstruct the area's 

paleoceanography. 
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Figure 1: Location of the core HH15-1280-GC core site and the main current system in the area. Polar Front 
(dashed line), average winter (dotted line), and summer sea ice margin (dashed-dotted line) modified from Vinje 
(1977). Warm currents are represented by dark grey, while cold currents are denoted by light grey. Abbreviations 
are NAC, North Atlantic Current, WSC, West Spitsbergen Current; ESC, East Spitsbergen Current; EGC, East 
Greenland Current; NCaC, North Cape Current; EIC, East Iceland Current; JMC, Jan Mayen Current; SB, Svalbard 
Branch; YB, Yermak Branch; and NA, Nordaustlandet.  

 

2.2 Oceanography 
The oceanography of the Northern Svalbard shelf is influenced by various water masses, 

including the Arctic Water, the Atlantic water, and the Polar Water. The inflow of Atlantic 

Water into the Nordic Seas plays a crucial role in the region's oceanography, as it is responsible 

for transporting heat and salt into the region, influencing the water column structure and 

circulation patterns (Skagseth et al., 2008). 

The inflow of warm and saline Atlantic water to the Northern Svalbard shelf occurs via the 

West Spitsbergen Current (WSC), which flows northward along the western coast of Svalbard 

(Fig 1). The WSC divides into two branches north of Svalbard, the Svalbard branch and the 

Yermak branch. The Svalbard branch flows northeastward along the shelf break, while the 

Yermak branch flows northward along the continental slope. 
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The Atlantic Water inflow is also affected by the Polar Front, which separates the Arctic Water 

from the Atlantic Water. The position of the Polar Front is influenced by various factors, 

including atmospheric forcing and ocean circulation patterns, and can vary seasonally and 

interannually (Skagseth et al., 2008). The Polar Water is the least saline and coldest water mass 

in the region, originating from the Arctic Ocean and the Barents Sea. 

 

In the CTD profile collected from Hinlopen, HH15-1279-CTD station (79.49.832 °N and 

018.08.061 °E), several distinct water layers can be observed (Fig 2). The depth range of 70 to 

200 meters is characterized by a high salinity of 35 PSU, indicative of the presence of Atlantic 

Water (AW) in this region (Rudels et al., 2015). The temperature within this layer is also 

elevated, exceeding 3°C, which is consistent with the known temperature range of AW 

(Carmack et al., 2015). 

Below 200 meters, the salinity remains relatively stable at approximately 34.8 PSU, and the 

temperature gradually decreases to around 1.5°C towards the bottom. This layer can be 

identified as Modified Atlantic Water (MAW) due to its lower salinity and colder temperature 

compared to the AW above (Rudels et al., 2015). MAW is formed as AW undergoes 

modifications due to cooling and dilution as it moves further into the Arctic Ocean and mixes 

with other water masses. 

The density profile shows an increase from approximately 27 kg/m³ at the surface to around 28 

kg/m³ at depths below 30 meters, which is consistent with the presence of a halocline separating 

the relatively fresher Polar Surface Water (PSW) from the underlying AW (Aagaard et al., 

1981; Rudels et al., 2015). In the upper layer, between 0 and 70 meters, the salinity ranges from 

34 to 34.5 PSU and the temperature varies from 5.5 to 1.8°C, suggesting a mixture of AW and 

PSW. This mixture could result from oceanographic processes such as advection, vertical 

mixing, or upwelling, causing the warmer, saltier AW to mix with the colder, fresher PSW near 

the surface. 
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Figure 2: CTD profile from Hinlopen, HH15-1279-CTD station, highlighting the distinct water layers: warm and 
high-salinity Atlantic Water (70-200 m), colder and less saline Modified Atlantic Water (MAW) (>200 m), and 
fresher Polar Surface Water (PSW). Density gradient indicates the halocline separating the water masses. 

 

2.3 Glacial history 
The Barents Sea has experienced multiple cycles of glaciation during the late Cenozoic, with 

the most extensive glaciations occurring during the Quaternary period. These glacial events 

have had a significant impact on the geological history of the region, shaping the landscape and 

influencing sedimentation patterns. 

During the peak of the last glacial maximum (LGM), approximately 21.000 years ago, the 

Barents Sea was covered by an ice sheet that extended from the Fennoscandian ice sheet, across 

the Arctic Ocean, and into North America. The margin of the ice sheet extended to the shelf 

edge, and the continental shelf and slope acted as a depocenter, receiving vast quantities of 

sediment eroded from the surrounding landmasses (Vorren et al., 1988). 

As the ice sheet retreated during the subsequent interglacial period, sedimentation rates in the 

Barents Sea decreased dramatically. The region transformed into a nutrient-poor continental 

margin, characterized by low primary productivity and sedimentation rates (Vorren et al., 

1988). 

The glacial history of the Barents Sea has been reconstructed using a variety of methods, 

including sediment core analysis, seismic profiling, and numerical modeling. These studies 

have provided important insights into the timing and extent of glaciation events in the region, 

as well as their impact on sedimentation patterns and ocean circulation. 

For example, a study by Svendsen et al. (2004) used sediment core analysis to reconstruct the 

environmental history of the Barents Sea over the past 130.000 years. The results of this study 
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revealed that the region experienced several episodes of glaciation during this period, with the 

most significant events occurring during the Last Glacial Maximum (20000-18000 years, 

Svendsen et al., 2004; Clark et al., 2009) and the preceding Marine Isotope Stage 4 

(approximately 71000 to 57000 years ago; Siddall et al., 2003) 

Another study by Rebesco et al. (2010) used high-resolution seismic profiling to investigate the 

glacial history of the northern Barents Sea. The results of this study indicated that the 

continental shelf and slope acted as a major depocenter during glaciation events, with large 

quantities of sediment being deposited in the region. 

2.3.1 Late Glacial Maximum (LGM) 
The Late Weichselian maximum, also known as the Last Glacial Maximum (LGM), had a 

significant impact on the Barents Sea's glacial history. During this period, the entire Barents 

Sea continental shelf, from its edge to its center, was covered by an ice sheet (Vorren et al., 

2011). The ice sheet's margin extended beyond the present-day coastline, and it was 

characterized by rapid sediment deposition and erosion, which contributed to the formation of 

a large depocenter on the shelf (Hass et al., 2008). 

The Bear Island Ice Stream, which was one of the primary outlets for the melting ice during the 

LGM, received its supply from vast northern and southern aquifers (Vorren et al., 2011). This 

ice stream was formed by the union of two major ice streams. One of these originated in the 

east and entered the White Sea through Kandalaksa Gulf. However, it is still unclear whether 

the ice flowed directly southeast or curved and fed the Bear Island Ice Stream (Vorren et al., 

2011). 

The LGM had a significant impact on the margin of the Barents Sea's sedimentation rate. 

During this period, sedimentation rates were high due to the rapid deposition of glacially eroded 

material on the continental shelf. However, during interglacial periods, the sedimentation rate 

dropped dramatically, transforming the Barents Sea into a nutrient-starved continental margin 

(Vorren et al., 1988). 

2.3.2 Deglacial  
During the deglaciation phase in the southern Barents Sea, the ice margin started retreating, and 

the glacial morphology showed both spatial and temporal variations in ice dynamics. There was 

evidence of active ice streaming and frozen-bed conditions during the Late Weichselian 

glaciation in the southern Barents Sea (Rebesco et al., 2010). The grounding zone wedge of 
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Bear Island was mapped to record phases of retreat and subsequent advance of the ice stream 

(Rebesco et al., 2010). Distinct ice stream patterns and dynamics were observed during the 

deglaciation in the Barents Sea and were categorized into three flow events (Dowdeswell et al., 

2008). The first phase coincided with the peak of the Late Weichselian glaciation. At its furthest 

point, the ice sheet reached the shelf edge, which was the primary outlet for the Bear Island ice 

stream (Andreassen and Winsborrow, 2009; Rebesco et al., 2010). The most recent flow event, 

which ended 100 km from the shelf edge, is interpreted to have occurred at 16.000 yr. BP and 

represents an early readvance during the deglaciation (Andreassen et al., 2008).  

2.3.3 Holocene 
The Holocene period, spanning from approximately 11.700 years ago to the present day, has 

been a period of significant climate variability in the Barents Sea region. During the early 

Holocene (9.5–7.5 kyr), warm and salty Atlantic water had a strong significant influence on the 

Barents Sea. Foraminifera from the Arctic disappeared from the northern Nordic Seas, and ice-

rafted debris (IRD) counts were low in the Barents Sea, East Greenland, and the Nordic Seas 

(Ślubowska-Woldengen et al., 2008). Dinocyst distribution in sediment cores from the 

southwestern Barents Sea also supports the idea that the early Holocene climate was both warm 

and stable (Kunz-Pirrung et al., 2001). However, a temporary cold interval (8.2-8.1 kyr BP), 

caused by a "8.2 ka" cooling event, was associated with an increase in sea ice, a salinity 

anomaly, and a decrease in methane concentrations and the North Atlantic thermohaline 

circulation (Alley et al., 1997; Alley, 2007). 

Around 7.5 ka BP, the Arctic Front began to advance southward, signaling a reduction in the 

Atlantic Ocean's impact on global climate (Ślubowska-Woldengen et al., 2008). In the 

southeastern Barents Sea, sea-ice cover has fluctuated multiple times over the past century, as 

documented by Kunz-Pirrung et al. (2001). Neoglaciation began around 4 ka BP and lasted 

until 2 ka BP (Rasmussen et al., 2014). Benthic foraminifera have indicated a worsening climate 

and a decrease in the flux of Atlantic water relative to the early Holocene (Ślubowska-

Woldengen et al., 2008). The shelf bottom waters cooled and became fresher, while sea ice 

coverage increased. Concurrently, iceberg rafting increased, possibly as a result of glacier re-

advances on Svalbard and Greenland (Hormes et al., 2013). 

Since 2.5 ka BP until the present day, the Barents Sea region has experienced unstable 

conditions characterized by reduced surface and subsurface water salinity, high IRD deposition, 

and stronger stratification of the water column than at present. The southwestern Barents Sea 
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was influenced by more coastal water and experienced colder conditions (Risebrobakken et al., 

2010). This period also encompasses several significant climate events, such as the Roman 

Warm Period (RWP), Dark Ages Cold Period (DACP), Medieval Warm Period (MWP), and 

Little Ice Age (LIA). 

 

The RWP (2200 to 1600 years BP) was characterized by a relatively warm and stable climate 

in many regions (Mann et al., 2009). Following the DACP (1500 to 1000 years BP) saw a 

decline in temperatures and increased climatic variability (Helama et al., 2017). The MWP (ca. 

1000 to 700 years BP) was a time of relatively warm climate in many parts of the world, 

including Europe and the North Atlantic (Mann et al., 2009). Lastly, the LIA (ca. 700 to 150 

years BP) was marked by a significant drop in temperatures, leading to widespread glacial 

advances and more extensive sea ice coverage in the Barents Sea (Miller et al., 2012). 
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3. Material and Methods 

3.1 Sediment cores 
Sediment core HH15-1280-GC, which was collected from the Hinlopen Strait between 

Spitsbergen and Nordaustlandet (79.48.113 °N and 018.08.560 °E, water depth 439 m, Figure 

3) during a marine geology and geophysics cruise from July 23rd to August 3rd, with RV Helmer 

Hanssen. The core has a total length of 526 cm. 

 

 

Figure 3: Map showing location of core HH15-1280-GC, modified from Menze et al. (2020). 

 

3.2 Gravity coring and core processing 

The sediment core was extracted using a gravity corer, which can collect sediments up to 6 

meters in length and can be used in water depths of up to 3 kilometers. The gravity corer is 

lowered to the ocean floor and penetrates the seafloor to retrieve sediments by gravity. There 

is lined inside by an inner plastic core liner. The core cutter, located at the end of the gravity 

corer, is used for easier penetration of the sediments. The orange peel core catcher ensures that 

the sediments remain contained inside the core liner. Once the sediments were retrieved the 
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core liner was taken out, cleaned, measured, and labeled. It was then cut into one-meter 

sections, and the sediments were collected from the core catcher and core cutter if any. The 

sediment samples were cataloged and labeled for further analysis. 

3.3 Laboratory Works 

The Department of Geology at the University of Tromsø, the Arctic University of Norway, 

served as the site for laboratory work. Radiocarbon dating was performed at the renowned 

14Chrone Center, based at Queen's University in Belfast, Northern Ireland. Samples, including 

those examined for 13C/12C and 18O/16O, were transported to the University of Tromsø 

Geological Mass Spectrometer Laboratory, where they were analyzed to provide further insight 

into the carbon and oxygen isotopes. The grain size distribution of the sediment samples was 

determined using a Beckman Coulter LS 13 320 Particle Size Analyzer in department of 

geology at the university of Tromsø.  By integrating these techniques and expertise from various 

institutions, the project offers a comprehensive and nuanced understanding of the paleoclimate 

and paleoceanography during Holocene in Hinlopen Strait. 

3.3.1 GEOTEK Multisensor Core Logger  

At the Geology laboratory of UiT, the GEOTEK Multisensor Core Logger was employed to 

measure the length of the open core, and record magnetic susceptibility and color scale per 

centimeter. The archive half of the core was utilized for this measurement, given that the work 

half of the core was sampled for this study.To prevent any surface reflections from affecting 

the data, the core was removed from the cooling chamber 24 hours before the logging process 

to allow it to reach room temperature. Prior to logging, plastic cards were used to clean the 

surface of each section. A point sensor was employed to assess the magnetic susceptibility of 

the core, while the colors were recorded in various formats, including Munsell, CIE, and 

spectrophotometer reflectance values.  

 

3.3.1.1 Magnetic Susceptibility 

Magnetic susceptibility (MS) is a fundamental property of materials that describes their degree 

of magnetization under an applied magnetic field. The GEOTEK Multisensor Core Logger's 

Bartington loop sensor (MS2C) generates down-core profiles of magnetic susceptibility at 1 cm 

intervals by providing a magnetic field to the sediment core sections as they travel through the 
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logger. Materials that are paramagnetic, ferromagnetic, ferrimagnetic, or antiferromagnetic will 

produce a positive MS reading and enhance the magnetic field, while diamagnetic materials 

will give a negative reading and weaken the field. This approach provides a powerful tool for 

stratigraphic analysis, allowing for the identification of events in the sedimentary record and 

detecting changes in lithology linked to shifts in provenance of the material. 

3.3.2 Avaatech XRF Core Scanner  

The Avaatech XRF core scanner is a tool used to obtain high-resolution color images of 

sediment cores for this study. The scanner operates by utilizing X-ray fluorescence (XRF) to 

generate images (Fig 5). The core is removed from the cooling chamber 24 hours before 

scanning, and the surface is cleaned to ensure accurate readings. The scanner captures images 

of the core's composition, displaying variations in color and texture that can reveal information 

about the sedimentary environment and processes that produced the core. 

3.3.3 GEOTEK X-ray Core-imaging system  

The GEOTEK X-ray core-imaging technology was used to acquire grayscale X-ray pictures of 

the six core sections (Fig 6). The core was prepared in the same manner as for the XRF core 

scanner; that is, it was brought to room temperature, and its surface was cleaned. The grey scale 

of the pictures correspond to the core's density, and the images may be utilized to assess various 

sedimentary features, lithological facies, and physical and biological structures (Migeon et al., 

1998). 

 

3.3.4 Sedimentology 

After the core sections were collected, a circular saw was used to cut the core portions along 

the long axis. The plastic liner was cut with a spatula and a small wire to separate the sediment 

in the core portions of the archive and work half. The archive parts were wrapped and kept 

refrigerated in a 4°C storage facility for further analysis. The sediment surface of the working 

section was cleaned, and visually described, taking note of observable changes in grain size, 

clast distribution, sedimentary structure, and layer boundaries. The Munsell Soil Color Chart 

was used to determine the color of the sediment. 
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Lithological logs were created in Corel Draw. The lithological logs were essential in describing 

the vertical variation of the sediments, highlighting the changes in sedimentary facies and 

providing a visual representation of the core's stratigraphy. 

In addition, the use of X-radiography in sedimentology helped detect structures, clasts, and 

fossils that would otherwise be difficult to recognize. By combining and employing X-

radiography, sedimentologists were able to identify sedimentary features such as crossbedding, 

laminations, and bioturbation, as well as clasts and fossils that are present in the core sections 

are easier to identify. 

 

3.3.4.1 Sedimentology Sampling 

The work half of the core sections were sliced into 1-cm thick slices throughout the whole 

length of the core (526 samples) and placed in pre-weighed and labeled plastic bags. To prevent 

any contamination, the sediment surrounding the core liner was avoided during sampling. The 

samples were all wet weighed and subsequently frozen.  

3.3.4.2 Freeze drying technique 

In the Geology Department Laboratory, UiT, the Arctic University Norway, Tromsø, the 

sediments were subjected to freeze-drying to remove any remaining moisture. The freeze-

drying technique involves freezing the samples and creating a vacuum that allows the frozen 

water in the sediments to sublimate from the solid phase to the gas phase. This process can take 

up to 24 hours, depending on the water content of the sediment samples. After freeze-drying, 

the dry samples were weighed, and the water content of each sediment sample was determined. 

3.3.4.3 Sieving 

To obtain sediment grain size distribution, wet sieving was performed on freeze-dried sediment 

samples at every 10 cm. The samples were sieved through three sieves of mesh sizes of 63 µm, 

100 µm, and 500 µm. The residue from each sieve was transferred onto labeled filter sheets 

using distilled water to prevent contamination between samples. The sieves were cleaned in a 

Grant XB14 ultrasonic bath after each sample. The residues were then dried in a 40 °C oven 

until completely dry, and the dry weight was recorded. The dry residues were stored in labeled 

glass jars. 
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Grain size distribution is an essential parameter for understanding sediment transport and 

deposition processes. The wet sieving method used in this study allows for the determination 

of particle sizes between 63 µm and 500 µm, which is crucial for identifying sedimentary 

environments and depositional processes. The choice of mesh sizes used in the sieving process 

was based on the sediment size distribution and the research objectives. 

In addition to sieving, other techniques such as laser diffraction and sedimentation analysis can 

also be used to determine grain size distribution. 

3.3.4.4 Grain size evaluation 

In order to evaluate the grain size of the sediment samples, the total dry sediment weight and 

the weight of each residue size (63-100 μm, 100-500 μm, and >500 μm) were measured. The 

percentages of the various residue sizes in each sediment sample were calculated using the 

following formulae: 

 

% 63- 100 µm = !"#$%&	()	*+	–	-..	/0	1"2#34"	
&(&56	317	!"#$%&	()	2"3#0"8&	25096"

∗ 	100% 

 

% 100- 500 µm = !"#$%&	()	-..	–	:..	/0	1"2#34"	
&(&56	317	!"#$%&	()	2"3#0"8&	25096"

∗ 	100% 

 

% > 500 µm = !"#$%&	()	>	:..	/0	1"2#34"	
&(&56	317	!"#$%&	()	2"3#0"8&	25096"

∗ 	100%
 

 

In addition to these three categories, the weight of sediment samples with a grain size smaller 

than 63 μm was also calculated as the total dry weight of sediment sample minus the weight of 

the < 63 μm residue. These calculations were carried out to determine the distribution of 

sediment grain sizes in each sample. 

 

% < 63 µm = !"#$%&	()	<*+/0	1"2#34"	
&(&56	317	!"#$%&	()	2"3#0"8&	25096"

∗ 	100% 
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3.3.4.5 Water content 

The water content (in %) of each sediment sample was calculated by subtracting the dry 

sediment weight from the wet sediment weight, dividing the result by the wet sediment weight, 

and multiplying by 100%. The formula is as follows:  

 

Water content = !;<	=;>?@;A<	!"#$%&	B>CD	=;>?@;A<	E;?FG<	
!;<	=;>?@;A<	!"#$%&	

∗ 	100% 

=
W𝑎𝑡𝑒𝑟	weight		

w𝑒𝑡	𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡	weight	 ∗ 100% 

 

3.3.5 Sortable silt 

The sortable silt proxy is a widely employed method for estimating past bottom current strength 

by analyzing the concentration of sortable silt in sediment samples. This proxy aids in 

understanding the movement and deposition of silt-sized particles, thereby helping researchers 

decipher sedimentary processes and current strength (McCave et al., 1995). By examining the 

sortable silt fraction (particles ranging in size from 10-63 µm), researchers can obtain 

information about the origins and pathways of sediment transport, as well as the depositional 

conditions and temporal variations. 

The test begins by adding 20 % hydrochloric acid or acetic acid to a test tube containing more 

than 2 grams of dry sediment, followed by 24 hours of incubation in a fume hood. The acid 

dissolves any organic substances in the sample, making separation of the appropriate particle 

size range easier. After centrifuging the sample, the excess liquid is decanted. Next, 20 % 

hydrogen peroxide is added to the test tube, and the sample is heated in a thermal bath at 85 °C 

for 2 hours. The sample is centrifuged again after heating, and the excess liquid is decanted. To 

remove all moisture, the sample is either freeze-dried or dried in a fume hood. 

The required amount of sample (usually 0.2-0.5 gram, depending on particle size) is then placed 

in a beaker with 20 ml of distilled water and 1-2 drops of Calgon and shaken for at least a day 

on a shaking table. Calgon is added to prevent particle clumping, resulting in more accurate 
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analysis. Finally, the sample is analyzed using a Beckman Coulter LS 13 320 Particle Size 

Analyzer, which uses laser diffraction to determine the particle size distribution in the sample. 

The analyzer may have pre-programmed parameters for the desired analysis, such as the particle 

concentration in the 10-63 µm range, which is a typical size range for sortable silt. 

3.3.6 Foraminiferal examination 

Foraminifera are single-celled organisms with shells made of calcium carbonate or agglutinated 

particles that can be found in marine sediments. They are useful for paleoceanographic and 

paleoclimatic reconstructions because their assemblages provide information about past 

environmental conditions. In this study, the distribution of foraminifera was determined using 

the 100-500 µm size fraction from core HH15-1280-GC to make the results comparable to other 

studies from the same location, and because Arctic foraminifera are often smaller in size than 

those from warmer waters. 

Samples were evenly dispersed on a picking tray consisting of 45 squares and examined using 

a binocular microscope. Benthic foraminifera were counted in every sample at 10 cm intervals, 

with planktonic foraminifera disregarded due to their low numbers. Random squares were 

chosen for counting, and around 300 individuals of benthic foraminifera were counted and 

identified to species level. The number c. 300 was obtained to ensure accurate statistical 

comparability within and across populations and samples. Contamination was prevented and 

minimized by thoroughly cleaning the equipment with compressed air between samples. 

To estimate the number of foraminifera per gram of sediment, the quantity of material on the 

tray was weighed for subsequent calculations. The density (number of specimens per gram dry 

weight sediment) and flux of foraminifera were also estimated to provide concentration data 

and productivity. If a sample lacked enough specimens, more than one tray was tallied to 

identify a sufficient number of specimens. To calculate the density the first the number of 

foraminifera on tray was be calculated using the following equation: 

 

=
n𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑓𝑜𝑟𝑎𝑚𝑠	𝑐𝑜𝑢𝑛𝑡𝑒𝑑 ∗ 45	(𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑠𝑞𝑢𝑎𝑟𝑒𝑠)	

c𝑜𝑢𝑛𝑡𝑒𝑑	𝑠𝑞𝑢𝑎𝑟𝑒𝑠 ∗ 1/2  
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Number of foraminifera in sample: 

=
Number	of	foraminifera	on	tray	
W𝑒𝑖𝑔ℎ𝑡	𝑜𝑓	𝑟𝑒𝑠𝑖𝑑𝑢𝑒	𝑜𝑛	𝑡𝑟𝑎𝑦 ∗ weight	of	100	– 500	µm 

=
Number	of	foraminifera	in	sample	
t𝑜𝑡𝑎𝑙	𝑑𝑟𝑦	𝑤𝑒𝑖𝑔ℎ𝑡	𝑜𝑓	𝑠𝑎𝑚𝑝𝑙𝑒 	(

𝑛𝑜
𝑔 ) 

 

3.3.7 IRD Counts 

In this study, the ice-rafted debris (IRD) was counted in all samples using two methods. The 

first method involved counting particles larger than 500 μm after sieving, while the second 

method used the IRD > 250 μm from the sortable silt analyses. The IRD consists of mineral 

and sedimentary rocks carried by icebergs and deposited in marine sediments as the icebergs 

melt. The number of IRD > 500 μm grains per gram dry weight sediment was determined by 

dividing the number of IRDs counted (all was counted) by the total dry weight of the sediment 

sample. This count serves as an essential parameter for studying past ice sheet dynamics and 

changes in ocean currents.  

=
Number	of	IRD	counted

t𝑜𝑡𝑎𝑙	𝑑𝑟𝑦	𝑤𝑒𝑖𝑔ℎ𝑡	𝑜𝑓	𝑠𝑎𝑚𝑝𝑙𝑒	(
𝑛𝑜
𝑔 ) 

 

 

3.3.8 Radiocarbon dating  

3.3.8.1 Principle 

Radiocarbon dating is a widely used method to estimate the ages of elements that are less than 

50000 years old. It is based on measuring the decay of the radioactive isotope carbon-14 (14C) 

in organic materials. Carbon naturally occurs in three isotopes, including 12C, 13C, and 14C, 

which have the same atomic number but different atomic weights. While 12C and 13C are stable 

isotopes, 14C is unstable and radioactive. Unlike the other isotopes, 14C is created in the high 

atmosphere as a result of nuclear processes involving free neutrons hitting other atoms and 

molecules, primarily 14N atoms. The isotope is rapidly oxidized to CO2 molecules, which are 

then dispersed throughout the atmosphere and absorbed by the oceans. Through the carbon 
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cycle, the absorbed CO2 enters plant material through photosynthesis and becomes a component 

of calcareous (CaCO3) marine creatures. 

While the organism is alive, it maintains a balance with the environment, and the 14C levels in 

its tissues are consistent with the 14C levels in the atmosphere or water mass. However, when 

the organism dies, it stops absorbing ambient CO2, and the 14C continues to decay but is not 

replenished. The isotope has a half-life of 5570 ± 30 years, and the age of the organic material 

can be estimated by comparing the amount of unstable 14C remaining with that of a standard 

known 14C level (Bowman, 1990; Lowe and Walker, 2015). 

This dating approach is based on several assumptions, including that the generation of 14C in 

the atmosphere has remained constant throughout time, the 14C concentration is the same 

throughout the system, and the half-life of 14C is known with reasonable accuracy and has 

remained constant since the organism's demise. It is essential to consider these assumptions 

since they can be sources of error when analyzing 14C ages (Faure and Mensing, 2005). 

3.3.8.2 AMS radiocarbon dating 

In this study, AMS radiocarbon dating was used to determine the age of sediment samples 

containing the benthic foraminiferal species Nonionellina labradorica. The samples were 

radiocarbon dated at separate intervals to indicate a broad age spread in the core. The intervals 

were chosen primarily because there was a significant quantity of material. Only well-preserved 

specimens with no sediment fill of N. labradorica with no evidence of damage were collected 

to prevent contamination via re-deposition. 

Two samples from core HH15-1280-GC were sent to the 14CHRONO Centre at Queen's 

University in Belfast, Northern Ireland, for AMS 14C dating. AMS (Accelerator Mass 

Spectrometry) is a highly sensitive method for radiocarbon dating that uses a particle 

accelerator to measure the concentration of isotopes. In this case, the concentration of 14C 

isotopes in the samples was measured to determine their age. Table 1 shows the information of 

the samples which were chosen for AMS radiocarbon dating. The resulting dates were used to 

construct an age-depth model for the core, which was used to determine the timing of 

paleoceanographic events such as sea-ice extent changes and iceberg discharge events. 
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Table 1: AMS radiocarbon dating data for sediment samples containing N. labradorica. 

 

3.3.8.3 Chronology and construction of age model 

The age model for the HH15-1280-GC sediment core was constructed using two AMS 

radiocarbon dates from the benthic foraminiferal species N. labradorica. These dates were 

calibrated into calibrated calendar years before present (cal yr. BP) using the IntCal13 and the 

Marine13 calibration curve. The resulting chronology covers a time span from approximately 

8000 cal yr. BP to the present (Table 2). 

The construction of an accurate age model is crucial for interpreting the changes and events 

observed in sediment cores. It allows for the linking of various datasets, such as changes in 

sediment composition, environmental conditions, and biological communities, with specific 

time periods.  

The use of benthic foraminifera for dating sediment cores is particularly useful in regions were 

other dating methods, such as varve counting or dendrochronology, may not be applicable.  

 

Table 2: AMS radiocarbon dating results for N. labradorica-containing samples (1145.5-6362.5 cal years BP) 

 

3.3.8.4 Marine reservoir effect and calibration 

The concentration of 14C in animals and plants is influenced by a variety of variables, including 

radioactive decay. Factors such as variations in the production of 14C in the atmosphere caused 

by oscillations in the earth's magnetic field and sunspot activity, natural changes caused by 

glaciations and human activities such as fossil-fuel combustion, known as the Suess effect, and 
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nuclear-weapons testing (Bowman, 1990). As a result, calibration between radiocarbon years 

and calendar years before present is required (calendar years before present: cal yr. BP).  

At the ocean-atmosphere interface, radiocarbon is absorbed into the ocean. Subsurface and deep 

ocean mixing rates are sluggish. Therefore, a more isolated layer of deeper water forms, with 

less compensation for 14C degradation due to insufficient mixing with fresh surface waters. This 

reduced quantity of 14C is incorporated by marine animals that use carbon to produce tests and 

shells (Bowman, 1990). This results in an apparent older radiocarbon age, which is known as 

the marine reservoir effect R(t), which fluctuates over time and is defined as the difference 

between the 14C age of samples produced in the sea and the 14C age of those grown in the 

atmosphere concurrently (Stuiver et al., 1986). To compare a marine organism's radiocarbon 

age to ice-core and terrestrial data, it is necessary to account for the marine reservoir effect 

(Bondevik et al., 2006).  

Local and lateral changes in water masses must also be considered (Bowman, 1990; Mangerud 

et al., 2006), and a regional offset from a global mean reservoir age R(t) is known as ΔR. 

(Stuiver et al., 1986). Variations in sea-ice cover, wind speed, and upwelling of poorly 

ventilated subsurface waters cause regional differences. 

 

3.3.9 Stable isotope analysis (δ18O and δ13C)  

3.3.9.1 Principle 

Stable isotope studies of foraminiferal carbon tests have supplied much of the information and 

framework for reconstructions of past ocean and climatic conditions (Loubere, 1991). 

Variations in carbon and oxygen isotope ratios (18O and 13C) in foraminiferal tests show 

numerous geochemical features of the ambient sea water masses in which they have been 

calcified. More specifically, temperature and salinity changes control 18O, whereas 13C reflects 

the primary production and stratification characteristics (ventilation) of the water mass 

(Spielhagen and Erlenkeuser, 1994) and thus provide a foundation for the reconstruction of 

oceanographically change in water masses and ocean circulation. Planktic foraminifera give 

information about the surface ocean, while benthic foraminifera provide information on bottom 

conditions and shallow pore waters, ranging from shallow seas to deep ocean basins (Loubere, 

1991). 
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3.3.9.2 Oxygen isotope 

On well-preserved specimens of the benthic foraminiferal species N. labradorica, stable 

oxygen and carbon isotopic ratios were measured. The measurements were made on specimens 

selected from the 100-500 µm portion of the forty samples and examined on a Finnigan MAT 

253 mass spectrometer equipped with a Kiel IV instrument at the UiT, the Arctic University of 

Norway, Tromsø. The 18O readings in core HH15-1280-GC were corrected for ice volume 

changes using the Fairbanks sea-level record (1989). Oxygen isotope ratios are then represented 

as positive or negative numbers relative to the reference Vienna Standard Mean Ocean Water 

(VSMOW) (= 0), as follows:  

 

δ18O = 1000 ∗
(18O/16O)	sample	 −	(18O/16O)	VSMOW

(18O/16O)	VSMOW  

Changes in the abundance of the heavy isotope 18O are referred to by the words 

enriched/depleted, heavier/lighter, and positive/negative (Armstrong and Brasier, 2013). 

 

3.3.9.2.1 Vital effect 

Vital effect refers to the influence of physiological and environmental factors on the isotopic 

composition of an organism's shell or tissue. These effects can result in differences between the 

isotopic composition of the organism and the surrounding water or sediment, leading to 

potential inaccuracies in paleoclimate reconstructions. Therefore, it is important to understand 

and account for these vital effects when interpreting isotopic data in paleoclimate studies. 

Various methods, such as analyzing multiple species with different vital effects or using 

independent proxies, can be used to correct for vital effects and improve the accuracy of 

paleoclimate reconstructions (Duplessy et al., 2005) 

 

3.3.9.2.2 Ice volume effect 

The oxygen isotopic composition of foraminifera is commonly used to reconstruct past changes 

in the global ice volume. This is because the isotopic composition of the water in which 

foraminifera live is influenced by the amount of ice present on the planet's surface. As ice 
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volume increases, the isotopic composition of the ocean becomes enriched in the heavier 

isotope, 18O, due to fractionation effects during evaporation and precipitation and more 16O is 

stored in the ice. Conversely, during periods of reduced ice volume, the isotopic composition 

of the ocean becomes enriched in 16O. Therefore, it is important to correct for the influence of 

ice volume when interpreting oxygen isotope records. One commonly used method is to 

subtract a linear trend from the oxygen isotope record, if the trend represents changes in ice 

volume over time. In this research, we used the Fairbanks (1989) ice volume correction method 

to remove the effect of ice volume from the oxygen isotope record of the foraminiferal tests. 

3.3.9.2.3 Bottom Water Temperature (BWT) 

In this study, is calculated the bottom water temperature (BWT) using the Shackleton equation, 

which relates the oxygen isotope ratio (δ18O) of foraminiferal calcite to the ambient water 

temperature. The equation is as follows: 

 

T = 16.9 − 4.38 ∗ (δ18OH − 	δ18O!) + 0.1 ∗ (δ18OH − 	δ18O!)	^2 

 

Here, T represents the paleotemperature, δ18Oc is the oxygen isotope ratio of the foraminiferal 

calcite (N. labradorica in this study), and δ18Ow is the oxygen isotope ratio of the ambient 

seawater. To obtain accurate BWT estimates, were applied corrections for vital effects and ice 

volume to the δ18Oc values. The vital effect correction was subtracted from the raw δ18Oc values, 

while the ice volume correction was calculated based on the literature (Fairbanks, 1989). 

For the δ18Ow, is assumed a value of 0.24 ‰, as used by Rasmussen et al. (2014).  

 

3.3.9.3 Carbon isotope 

Carbon has two naturally occurring stable isotopes: 13C and 12C, which are absorbed into carbon 

dioxide (CO2) as a result of oxidation, and carbon fractionation happens throughout many 

natural processes (chemical and biological) (Lowe and Walker, 2015). The carbon isotope ratio 
13C /12C, denoted as 13C, varies with temperature and the isotopic makeup of dissolved inorganic 

carbon (DIC) in saltwater. Carbon isotope ratios are then represented as positive or negative 

numbers relative to the reference (= 0), as follows: 
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δ13C = 1000 ∗
(13C/12C)	sample	 −	(13C/12C)	standard

(13C/12C)	standard 	 

 

Changes in the abundance of the heavy isotope 13C are referred to by the words 

enriched/depleted, heavier/lighter, and positive/negative (Armstrong and Brasier, 2005). The 

carbon isotopic record may be used to reconstruct ocean circulation, marine productivity, air-

sea gas exchange, and carbon storage in the biosphere (Oliver et al., 2009). Carbon isotopes are 

separated during natural processes due to their various masses, with photosynthesis being the 

major mechanism. Because 12C is lighter, it is absorbed preferentially during photosynthesis, 

resulting in a negative 13C signal in the biosphere (Loubere, 1991).  

During glacial eras, 13C levels in upper water masses are higher than during interglacial periods, 

although the 13C /12C ratio in dissolved carbon in the deep ocean is lower (Armstrong and 

Brasier, 2013; Shackleton, 1977). Vertical circulation of deeper water masses ventilates the 

ocean, delivering oxygenated water to the ocean's depths. Reduced vertical mixing reduces 

oxygen levels and production, which is reflected in the 13C signal. Because of their distinct 13C 

properties, benthic foraminifera give information regarding ocean bottom circulation and 

ventilation changes (Lowe and Walker, 2015). 

Studies have shown that benthic foraminifera primarily rely on organic matter from the surface 

ocean as their food source, making surface water productivity a critical factor in controlling the 

species composition, accumulation rate, and geographical distribution of benthic foraminiferal 

faunas (Loubere, 1991). During photosynthesis, phytoplankton preferentially take up 12C, 

resulting in 12C-enriched organic matter that sinks to the seafloor, leaving the surrounding 

surface waters enriched in 13C and giving higher δ13C values. As oxidation of organic matter 

releases nutrients and 12CO2, δ13C values decrease at the seafloor. High export production leads 

to higher δ13C values in planktic and lower δ13C values in benthic foraminifera, creating an 

offset between the two. For example, a decrease in planktic foraminiferal flux and a 

simultaneous increase in benthic flux may indicate higher surface ocean primary productivity, 

which can be explained by a higher food supply to the benthic community. Comparisons of 

δ13C values in epifaunal and infaunal benthic foraminifera can reflect the presence and 

preservation of organic matter and ventilation. 
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3.3.9.3.1 Paleoproductivity 

In this study, we investigated the paleoproductivity of the study area by analyzing the stable 

carbon isotopes (δ13C) and the flux of fossil assemblages in the sediment samples (Barker et 

al., 2003; Ternois et al., 2000). 

The δ13C values of organic matter in the sediments provide insights into past primary production 

and nutrient utilization (Rau et al., 1996). Higher δ13C values typically indicate increased 

primary production and more efficient nutrient use by phytoplankton (Popp et al., 1998). By 

comparing the δ13C values in our sediment samples to other studies in the region and globally, 

we can identify periods of high and low primary production in our study area (Eglinton et al., 

1997). 

Furthermore, we examined the fossil assemblages in the sediment samples to gain additional 

insights into past primary production. The abundance and diversity of microfossils, such as 

foraminifera, diatoms, and radiolarians, and their flux data can be used as a proxy for past 

primary productivity (Liu et al., 2009; Sarnthein et al., 2004). High species abundance and 

diversity usually indicate favorable environmental conditions for primary production (Thomas 

et al., 1996). 

3.3.10 Flux calculation 

The flux (accumulation rate) of benthic foraminifera is calculated by multiplying the 

concentration (density) by the sediment mass accumulation rate. The following approach was 

used to calculate the flux of benthic foraminifera and IRD:  

The sediment samples were roughly 1 centimeter thick. Because the sediment samples are half 

cylinders, the volume of the sediment samples is given by: 

																								𝑉𝑜𝑙𝑢𝑚𝑒	𝑜𝑓	𝑤𝑒𝑡	𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡	(𝑐𝑚+) = I(640"	()	276#83"1
J

= KC!G
J

  

where r is the radius (in cm) of the sediment samples and h is their height/thickness (in cm). 

The diameter of the inner core liner and hence the sediment inside is 10 cm, providing a radius 

of 5 cm. The average thickness was one centimeter. This result is a mean volume of 39.267 

cm3.  
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The volume of the sediment samples was used to compute the porosity, wet bulk density, and 

dry bulk density: 

𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡	𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦	(𝑔/𝑐𝑚+) = !"&	2"3#0"8&	!"#$%&B317	2"3#0"8&	!"#$%&
L(640"	()	!"&	2"3#0"8&

= EM<;C	E;?FG<
L(640"	()	!"&	2"3#0"8&

  

𝑊𝑒𝑡	𝑏𝑢𝑙𝑘	𝑑𝑒𝑛𝑠𝑖𝑡𝑦	(𝑔/𝑐𝑚+) =
wet	sediment	weight
volume	of	wet	sediment 

𝐷𝑟𝑦	𝑏𝑢𝑙𝑘	𝑑𝑒𝑛𝑠𝑖𝑡𝑦	(𝑔/𝑐𝑚+) = Wet	bulk	density − sediment	porosity 

 

The mass accumulation rate is calculated using the dry bulk density. The flux of IRD and 

benthic foraminifera may be calculated as follows: 

𝑀𝐴𝑅 = 𝐿𝑖𝑛𝑒𝑟	𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛	𝑟𝑎𝑡𝑒	(𝐿𝑆𝑅)	w
𝑐𝑚
𝐾𝑦y ∗ 𝑑𝑟𝑦	bulk	density	

(𝑔/𝑐𝑚+) 

 

where the linear sedimentation rate is determined by: 

𝐿𝑆𝑅 = 	𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛	𝑟𝑎𝑡𝑒 w
𝑐𝑚
𝐾𝑦y ∗ 1000 

The final flow equation is provided by: 

𝐹𝑙𝑢𝑥(𝑛𝑜./𝑐𝑚J𝑘𝑦B-) = 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛	 w
𝑛𝑜.
𝑔 y ∗ 𝑀𝐴𝑅	

(𝑛𝑜./𝑐𝑚J𝑘𝑦B-) 

 

3.4 Foraminifera 

3.4.1 Introduction 

Foraminifera are unicellular organisms (protists) that are widespread in marine environments, 

ranging from deep sea to inner fjords. They can be found on continental shelves and slopes and 

adapt to a variety of climatic and environmental conditions. Planktonic foraminifera exist at 

different depths in the upper water masses, while benthic species live near, on, or in the 
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sediment. Foraminifera have a soft body that is enclosed by a shell or "test" produced by the 

organism. The test can be made up of minerals such as calcite or aragonite, organic materials 

like tecthin, or agglutinated components (Lowe and Walker, 2015). During the formation of 

their test, foraminifera precipitate many chemical components from seawater, which reflect the 

properties of the seawater at the time (Loubere, 1991). After their death, become part of the 

marine sedimentary archives (Rasmussen and Thomsen, 2015). 

Ecology is the study of the interactions between the environment and living organisms 

(Armstrong and Braiser, 2013). The study and understanding of present and ancient marine 

ecosystems have proven to be useful in paleoreconstructions (Corliss, 1985). Salinity, 

temperature, oxygen, currents and turbidity, light, and organic and nutritional movement within 

the water column can all affect the distribution of foraminiferal assemblages (Armstrong and 

Braiser, 2013; Murray, 2006). Foraminifera are known to inhabit most marine habitats and have 

strong environmental preferences (Hald et al., 1994; Rathburn and Corliss, 1994; Hald et al., 

2004; Korsund and Hald, 1998; Wollenburg and Mackensen, 1998; Polyak et al., 2002) 

The distribution of modern planktic and benthic foraminiferal assemblages living in various 

environmental conditions in the Southwestern Barents Sea, the Nordic Seas, and the Arctic 

provides an important analogue for interpreting Quaternary paleoenvironmental and 

paleoceanographic reconstructions (Sejrup et al., 2004; Saher et al., 2012). Numerous studies 

have been conducted along the slope and shelf along the continental edge in the Nordic and 

Barents Seas, comparing the fossil foraminiferal record with present distribution (Hald et al., 

1994; Hald and Aspeli, 1997; Bauch et al., 2001; Rasmussen et al., 2007; Ślubowska-

Woldengen et al., 2008). The use of foraminifera as bioindicators provides a valuable tool for 

paleoceanographic and paleoenvironmental studies, allowing for reconstructions of past 

climate, ocean circulation, and environmental conditions. 

3.4.2 Benthic foraminifera 

Benthic foraminifera are unicellular organisms that can be calcareous, organic, or agglutinated. 

Their tests can be either single chambered or multi-chambered with septae separating them. 

They are in- or epifaunal, and mostly inhabit aquatic settings. In most inshore seas and shelf 

regions, benthic forms dominate the foraminiferal remnants deposited and integrated in bottom 

sediments after death. When studying foraminifera, it is important to consider the preservation 

of foraminiferal specimens and potential reworking and re-deposition of sediments. These 

factors can lead to an incorrect assessment of faunal composition and the paleoenvironment. 
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However, the core HH15-1280-GC investigated in this study appears to be undisturbed, with 

homogeneous hemipelagic sediments and little bioturbation. 

Benthic foraminifera are the most prevalent microfossil group in Barents Sea sediments and 

understanding their current Arctic assemblages is critical for reconstructing marine 

environments (Steinsund and Hald, 1994). The ecology of modern benthic foraminifera is being 

investigated to determine the distribution patterns and dynamics of communities and their 

environments. Foraminiferal distribution is influenced by their feeding techniques and 

microhabitat preferences on the one hand, and climate, ocean circulation, sea-ice, and water 

mass qualities on the other (Steinsund and Hald, 1994; Murray, 2001). 

Salinity, oxygen, temperature, turbidity, bottom current activities, alkalinity, and sediment 

particle size are all important regulating elements examined to reconstruct paleoecology and 

paleoceanography (Murray, 2001). For example, the distribution of benthic foraminifera has 

been linked to oxygen levels in bottom water, with low oxygen levels resulting in a decrease in 

the number of species and abundance of individuals (Murray, 2001). The species composition 

of benthic foraminifera can also indicate the type of substrate on which they lived, with species 

that require a hard substrate indicating a different paleoenvironmental setting than those that 

live in soft sediment (Murray, 2001). 

Studies of benthic foraminifera have been conducted in various marine environments, including 

the Arctic, and have provided insights into past climate and oceanographic conditions. For 

example, changes in the composition of benthic foraminiferal assemblages in Arctic sediment 

cores have been linked to fluctuations in sea-ice cover and ocean circulation patterns (Polyak 

et al., 2004; Bauch et al., 2010). 

3.4.3 The ecological preferences of dominating species 

Seven of the dominant benthic foraminiferal species from the core HH15-1280-GC had their 

ecology described. Less dominant species are briefly discussed because they exhibit brief 

periods of relative abundance, or because their occurrence may indicate change in the 

paleoenvironment. 
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3.4.3.1 Nonionellina labradorica 

Nonionellina labradorica is a benthic foraminifera species that is known to inhabit highly 

productive settings with abundant food supplies (Corliss, 1991; Polyak and Mikhailov, 1996; 

Zajaczkowski et al., 2010). This species is commonly found in glaciomarine habitats, where it 

prefers cold temperatures as low as 1 °C and salinities as low as 33-34 psu (Cedhagen, 1991; 

Steinsund and Hald, 1994). Nonionellina labradorica is associated with the Polar front, which 

is characterized by strong organic output and rapid changes. It is often found at moderate depths 

of water and slightly sandy sediments (Steinsund and Hald, 1994; Jennings et al., 2004). 

Nonionellina labradorica is predominantly found in the deepest, middle, and outer parts of 

fjords, where it is linked to Atlantic water (Hald and Korsun, 1997). This species thrives in 

dynamic habitats that have temperate, saline, and oxygenated water masses and are impacted 

by iceberg activity (Vorren et al., 1988). It is located at a medium distance from rivers (Polyak 

et al., 2002). Nonionellina labradorica can survive long periods of food starvation, but it prefers 

settings with at least seasonally high food supply concentrations of mainly diatoms (Cedhagen, 

1991, Polyak et al., 2002). 

Nonionellina labradorica feeds on buried organic matter and is known to be associated with 

areas that have significant Phyto-detritus on the sediment surface (Corliss, 1991; Zajaczkowski 

et al., 2010). Therefore, a lack of Phyto-detritus on the sediment surface may result in a lack of 

N. labradorica.  

 

3.4.3.2 Elphidium excavatum forma clavatum 

Elphidium excavatum forma clavata is the most common ecophenotypes of Elphidium 

excavatum and is found on the east and west coasts of Spitsbergen (Feyling-Hanssen, 1972). 

Although Elphidium excavatum forma selseyensis could be present in the examined sediment 

core, all forms documented are Elphidium excavatum forma clavata, referred to as Elphidium 

excavatum in this thesis. 

Elphidium excavatum is an opportunistic and infaunal species found in a broad variety of 

sediment depths (Corliss, 1991; Steinsund and Hald, 1994). It is commonly found in Arctic 

shelves and widely distributed in Quaternary marine sediments (Steinsund and Hald, 1994; 

Hald and Korsun, 1997; Polyak et al., 2002). The species dominates in pure polar conditions 
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with sea ice, considerable turbidity, and rapid sedimentation rates (Steinsund and Hald, 1994; 

Hald and Steinsund, 1996; Hald and Korsun, 1997). It is typically found in Arctic and shallow 

seas with rapid temperature and salinity variations, which are characteristic of glacier-proximal 

settings (Feyling-Hanssen, 1972; Hald and Vorren, 1987; Steinsund and Hald, 1994). It is a 

salinity and temperature indicator, preferring low temperatures of less than 1 °C and/or lowered 

salinities of 30 to 34 psu (Hald and Vorren, 1987; Steinsund and Hald, 1994). 

The species dominates the bottom of laminated muds, with limited overall diversity, and is 

typically found in glaciomarine deposits near a receding glacier (Vorren and Hald, 1987; Hald 

and Korsun, 1997). It is almost exclusively restricted to the Arctic seas of the Barents and Kara 

Seas (Steinsund and Hald, 1994). The southerly spread of E. excavatum in the Barents Sea is 

limited by winter sea ice and temperatures over 4 °C, as well as competition with species that 

thrive on more consistent food supply (Polyak et al., 2002). The species is associated with 

brackish water in the Kara Sea (Hald et al., 2004) and with riverine-influenced near-shore 

waters at lower latitudes (Feyling-Hanssen, 1972). 

3.4.3.3 Melonis barleeanus 

Melonis barleeanus is a species of foraminifera that is widely distributed in the Arctic and 

subarctic regions. It is an intermediate infaunal species, meaning that it lives in the sediment 

but close to the sediment surface (Corliss, 1991). The species is typically found in areas with 

rapid sedimentation and fine sediments that contain high and consistent rates of partially 

degraded organic carbon (Mackensen et al., 1993; Caralp, 1989; Steinsund and Hald, 1994). In 

the Barents Sea, M. barleeanus is associated with troughs containing cooled Atlantic water with 

temperatures ranging from 3-4.5 °C and typical salinities of over 32 psu (Hald and Steinsund, 

1996). It is most found on the eastern sides of northern troughs, where it feeds on organic matter 

delivered by winter bottom waves (Steinsund and Hald, 1994). 

Melonis barleeanus is known for its strong flexibility in adapting to different environments. It 

can change to an epifaunal environment depending on food supplies, which allows it to maintain 

a stable population even in variable conditions (Linke and Lutze, 1993). The species has been 

found to be a good indicator of productivity in Arctic and subarctic regions, and its abundance 

has been used to infer changes in organic carbon fluxes over time (Mackensen et al., 1993; 

Caralp, 1989). 
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3.4.3.4 Cassidulina reniforme 

Cassidulina reniforme is a species that is commonly found in cold bottom waters with seasonal 

sea ice cover. It is the second most significant species in glaciomarine settings (Polyak and 

Solheim, 1995; Hald and Korsun, 1997; Polyak et al., 2002). The ideal temperature range for 

this species is less than 2 °C, and it thrives in salinities of more than 30 PSU (Polyak et al., 

2002). This species is often dominant in laminated muds (Steinsund and Hald, 1994), and it is 

frequently found in locations impacted by Atlantic water and is related to warmer interstadials, 

indicating a distal glaciomarine habitat (Hald and Vorren, 1987; Polyak and Solheim, 1995). 

Cassidulina reniforme is related to local water and is now commonly found inhabiting fjord 

mouths in Svalbard (Hald and Korsun, 1997). 

It is worth noting that the distribution of C. reniforme has been shown to be influenced by 

climate change. In a study conducted in the Arctic Ocean, researchers found that the abundance 

of C. reniforme has significantly increased in areas with decreased sea ice cover (LeKieffre et 

al., 2015). This suggests that as the Arctic climate continues to change, the distribution and 

abundance of this species may also be impacted. 

3.4.3.5 Buccella spp 

Buccella spp. is a group of foraminifera dominated by B. frigida, with a minor fraction of B. 

tenerrima, that are commonly found in the Arctic region. These species are epifaunal or shallow 

infaunal in nature (Rosoff and Corliss, 1992). 

Buccella spp. are adapted to cold, arctic habitats and are found inside seasonal sea ice-

influenced zones, where they take advantage of algae blooms near the ice edge (Hald and 

Steinsund, 1996; Polyak et al., 2002). The ideal temperature range for these species is 0-1 °C, 

with salinities of 33-34 psu and water depths of 100-200 meters being optimal (Steinsund and 

Hald, 1994). 

These foraminifera have been found in river-affected regions of the Kara Sea, including the Ob 

estuary (Polyak et al., 2002). They are also commonly found in shallow places with somewhat 

sandy substrates surrounding Franz Josef Land (Steinsund and Hald, 1994; Hald and Steinsund, 

1996). In current arctic fjords, faunas dominated by E. excavatum and C. reniforme are 

frequently joined by Buccella frigida and Buccella tenerrima, indicating their widespread 

presence in this habitat (Jennings et al., 2004). 
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3.4.3.6 Islandiella helenae/ norcrossi 

Islandiella helenae and norcrossi are two species that are morphologically similar identical and 

are mostly represented by Islandiella norcrossi. Islandiella norcrossi is an epifaunal or shallow 

infaunal species that shares a similar distribution pattern to Buccella spp. However, it prefers 

fine sediments and deeper water depths ranging from 200 to 400 meters (Steinsund and Hald, 

1994). This species is often found in glacial-distal environments in Svalbard fjords, along with 

N. labradorica (Hald and Korsun, 1997). It is also commonly found in marine mud and 

glaciomarine sediments, including glacier-rafted debris (Hald and Korsun, 1997). 

Islandiella norcrossi shows a significant response to organic fluxes on the seafloor (Jennings 

et al., 2004) and has been discovered in high concentrations in troughs or depressions filled 

with winter bottom water with sluggish sedimentation rates (Steinsund and Hald, 1994; 

Jennings et al., 2004). This species also benefits from seasonal sea ice cover, as it may take 

advantage of ice-edge algae blooms (Steinsund and Hald, 1994). 

3.4.3.7 Cassidulina neoteretis 

Cassidulina neoteretis is a species of foraminifera that thrives in cold, deep waters. It is known 

to reflect organic flows to the seafloor and is often found in conjunction with numerous 

planktonic specimens, indicating a period of mostly subsurface Atlantic water influx, which 

might enhance ice melting (Polyak and Solheim, 1995). It prefers finer sediments and has the 

same distribution as planktic foraminifera (Steinsund and Hald, 1994). Cassidulina neoteretis 

is commonly found in Greenland fjords in Atlantic Intermediate Water with a temperature 

greater than 0 °C (Jennings and Helgadottir, 1994). Its spread is determined by the availability 

of seasonal food falls, and it is most usually found in depths ranging from 626 to 1500 meters 

(Rosoff and Corliss, 1992). 

3.4.4 Sub-dominating benthic species 

3.4.4.1 Stainforthia loeblichi 

Stainforthia loeblichi is a species of foraminifera that belongs to the family Stainforthiidae. It 

is an opportunistic species that is typically found in high seasonal production locations 

(Gustavsson and Nordberg, 2001). The species is known for its tolerance of low temperatures 

and is often found in cold-water environments with temperatures around 0 °C. It has been 

observed in locations with seasonal sea-ice cover, such as in the Arctic Ocean and adjacent seas 

(Gustavsson and Nordberg, 2001). 
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Stainforthia loeblichi is commonly found in muds, sands, and gravels on bank slopes exposed 

to cold water (Gustavsson and Nordberg, 2001). It has a similar distribution pattern as the 

species N. labradorica, which is also commonly found in Arctic marine sediments (Steinsund 

and Hald, 1994). The species is also known to prefer fine-grained sediments, and it has been 

found in high abundance in locations with slow sedimentation rates. 

In terms of its ecological significance, S. loeblichi has been used as a proxy for 

paleoceanographic reconstructions of the Arctic region. The species is known to prefer colder 

water temperatures and has been used to reconstruct past sea ice cover and ocean circulation 

patterns. The species has also been observed in locations with high nutrient availability, which 

suggests that it is an indicator of organic matter flux to the seafloor (Jennings et al., 2004). 

3.4.4.2 Miliolids 

It should be noted that the Miliolid group is a diverse group of foraminiferal species, with 

varying ecological preferences and distribution patterns. While some Miliolid species may be 

epifaunal, others may be infaunal or even planktic in nature (Bé et al., 1977). Therefore, the 

ecological preferences and distribution patterns of Miliolids should be evaluated at the species 

level. For example, some Miliolid species have been found in association with cold water 

masses and seasonal sea ice cover, such as Miliolinella subrotunda and Miliolinella 

subrotundata (Polyak and Solheim, 1995; Hald and Korsun, 1997). Other Miliolids species, 

such as Quinqueloculina spp, have been found in warmer waters and are associated with coral 

reefs and seagrass meadows (Bé et al., 1977). 

The distribution Miliolids can also vary depending on sediment type and depth. For example, 

some Miliolid species have been found to be abundant in carbonate-rich sediments, while others 

are more abundant in siliciclastic sediments (Bé et al., 1977). Additionally, Miliolid abundance 

has been found to decrease with sediment depth, although some species may still be present at 

deeper depths (Corliss, 1991). 

 

3.4.4.3 Cassidulina laevigata 

Cassidulina laevigata is a species of epifauna or shallow infauna that prefers finer sediments 

and is typically found in the uppermost sediment layer (Steinsund and Hald, 1994). It has been 

identified in a range of marine environments, including the North Sea and the Barents Sea, 
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where it is associated with warm Atlantic Water (Mackensen et al., 1993). In the Barents Sea, 

C. laevigata is restricted to regions with bottom water temperatures over 2°C, indicating a 

preference for relatively warmer waters (Mackensen and Hald, 1988). 

This species has been used as a paleotemperature indicator in sediment cores from the Arctic 

and subarctic regions, as it responds to changes in bottom water temperature (Mackensen et al., 

1993). Cassidulina laevigata has also been found in laminated muds in the Barents Sea, 

indicating a glaciomarine environment (Steinsund and Hald, 1994). 

3.4.4.4 Agglutinated species 

The agglutinated foraminifera are a diverse group of benthic foraminifera that build their shells 

by agglutinating sediment grains or other particles using an organic or calcareous cement. These 

species are important in paleoenvironmental reconstructions due to their sensitivity to 

environmental changes and their preservation potential in sediment records. 

Agglutinated foraminifera are mostly found in the top few centimeters of sediments but can 

also occur at greater depths depending on the species and sediment characteristics (Corliss, 

1991). The presence and abundance of agglutinated species can provide information on water 

turbidity, sedimentation rates, and organic carbon content (Zajaczkowski et al., 2010). 

Reophax scorpiurus is a commonly found agglutinated foraminifera species that is often 

associated with cooler bottom waters with temperatures ranging from 2 to 4°C (Hald and 

Steinsund, 1996). It has also been found to tolerate brine production associated with acidic 

bottom waters (Rasmussen and Thomsen, 2014). 
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4. Results and interpretation 

4.1 Sedimentological description 

The cores are described in stratigraphic order, from the oldest to the youngest. The 

sedimentological description of the cores is based on visual description, such as the lithological 

log, XRF, and X-ray images of the core section are included (Fig 4). Additionally, Figures 5 

and 6 present the XRF and X-ray images separately, providing a more thorough examination 

of the core's composition and structure.  

Furthermore, magnetic susceptibility, grain-size fractions, and water content data were also 

analyzed, as presented in Figure 7, which demonstrates the coupling of these physical 

characteristics with the lithological log. Magnetic susceptibility measurement was conducted 

using a point sensor at the UiT Geology Laboratory, as shown in Figure 7. It is essential to note 

that the sensors at the ends of the core sections may detect extremely low or high magnetic 

susceptibility values, which are considered errors and are excluded from the analysis. IRD, Flux 

of IRD were analyzed using three size fractions: IRD 150-250 µm, IRD 250-500 µm, and IRD 

> 500 µm (Figures 8 and 9). Figure 10 present the benthic and planktonic foraminiferal 

concentrations and their flux and planktonic/benthic foraminiferal ratio. 

 The sediments in  core is  mainly clay/silt with number of shells distributed throughout the 

core. The record was divided into five lithological units (LU).  
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Figure 4: lithological log, XRF, and X-ray images of the core HH15-1280-GC. 

 

 

 



4. Results and Interpretation 

38 

 

 

Figure 5: Avaatech XRF core scanner images of the six core sections. The displayed ruler indicates the length of 
each section in centimeters, providing a visual representation of the sedimentary features and aiding in the analysis 
of core characteristics. 
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Figure 6: GEOTEK X-ray core imaging system pictures of the six core sections. The accompanying ruler displays 
the length of each section in centimeters, offering a detailed view of the internal structure, stratification, and 
sedimentary features for comprehensive analysis. 
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Figure 7: Correlation of magnetic susceptibility, grain-size fractions, water content data and lithological log 
forming basis for the subdivision into lithological units. 
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Figure 8: Distribution of IRD size fractions (IRD 150-250 µm, IRD 250-500 µm, and IRD >500 µm) in core 
HH15-1280-GC from the Hinlopen Strait, plotted against age in calendar years BP and depth (cm). 
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Figure 9: Distribution of IRD flux size fractions (IRD 150-250 µm, IRD 250-500 µm, and IRD >500 µm) in core 
HH15-1280-GC from the Hinlopen Strait, plotted against age in calendar years BP and depth (cm). 
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Figure 10: Correlation of benthic and planktonic foraminiferal concentrations and flux, planktonic/benthic 
foraminiferal ratio integrated with the lithological units marked. 

 

4.1.1 Unit 1 (526-490 cm depth) 

Unit 1, spanning from the bottom of the core to approximately 490 cm depth (Fig 4), exhibits 

a dark grey color (2.5Y 4/1; Figures 4 and 5) and is characterized by abundant sand in a mud 

matrix. The sediments in Unit 1 are more compact and less water-saturated compared to Unit 2 

above. Subrounded to subangular clasts are sparsely observed, with thin laminations in the 

upper half of the unit (Fig 4). 

Unit 1 displays the highest magnetic susceptibility levels (Fig 7), with values of 33*10-5 SI at 

526 cm depth and 42.06*10-5 SI at 520 cm depth. Magnetic susceptibility diminishes upwards 

towards the overlying unit. However, data on water content, grain size (Fig 7), concentrations 

of IRD (Fig 8), and foraminifera (Fig 9) data are limited due to only two sediment samples 

being extracted from Unit 1 (500.5 and 510.5 cm). 

Water content is approximately 40 % at 510.5 cm depth and decreases to 20 % towards 

shallower depths. Benthic and planktonic foraminifera concentrations at 510.5 cm depth are 

around 170 and 0 per gram dry weight sediment, respectively (Fig 10). IRD count per gram 
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sediment declines from 0.9 to 0.2 (Fig 8). The IRD flux follows a similar trend, decreasing from 

90 to 20 no./cm2 k-1 (Fig 9).  

4.1.2 Unit 2 (490- 370 cm depth) 

Unit 2, situated between 490 and 370 cm depth, comprises a mix of clay and sand (Fig 4). Like 

Unit 1, Unit 2 exhibits thin laminations at both its top and bottom. The color of this unit 

transitions from 2/5YR 4/2 to 2.5YR 3/2 (greyish brown) (Figures 4 and 5). The water content 

increases from about 20 % at the bottom to 50 % in the middle and then decreases to 30 % at 

the top (Fig 7). 

Magnetic susceptibility in Unit 2 is moderate, approximately 18*10-5 SI (Fig 7). Benthic and 

planktonic foraminifera concentrations per gram dry weight sediment increase, reaching about 

170 and 30 in the middle of the unit, respectively (Fig 10). The amount of IRD per gram 

sediment remains constant at around 0 (Fig 8), with the IRD flux following the same pattern 

(Fig 9). 

The planktonic to benthic foraminiferal ratio generally varies between 0 and 0.5 (Fig 10), 

indicating the number of planktonic foraminifera per benthic foraminifera. When the ratio is 

below 1, there are more benthic than planktonic foraminifera. The ratio peaks at the bottom of 

the unit, at 480 and 450 cm depth, being respectively 0.5 and 0.33. 

 

4.1.3 Unit 3 (370-270 cm depth) 

Unit 3, located between 370 and 270 cm depth, mainly consists of silty sand and features a sand 

lens at approximately 330 cm depth. The lower portion of the unit exhibits a 2/5Y 3/1 color 

(Figures 4 and 5), transitioning to yellowish grey (2.5Y 4/1) towards the top. Water content 

within this unit varies from 18 % to 50 %, with the lowest value recorded just below Unit 4 

(Fig 7). 

Magnetic susceptibility in Unit 3 remains relatively constant, with a value of around 18*10-5 SI 

(Fig 7). A significant increase in benthic foraminiferal concentration occurs at 280 cm depth, 

rising from 40 at the unit's bottom to 90 individuals per gram sediment at this depth (Fig 10). 

Conversely, planktonic foraminifera concentration and flux are both steady and close to zero 

throughout the unit (Fig 10). 
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The number of IRD per gram of sediment in Unit 3 is approximately 0.1 in the lower portion, 

with no significant increase observed towards the top (Fig 8). Notably, foraminiferal flux in the 

unit varies from 2000 no./cm2 k-1 at the bottom to 6000 no./cm2 k-1 at the top (Fig 10). These 

findings suggest that the sedimentary environment during Unit 3's deposition was relatively 

stable, with a consistent influx of benthic foraminifera and no significant changes in magnetic 

susceptibility and IRD content. 

 

4.1.4 Unit 4 (270-30 cm depth) 

Unit 4, the thickest layer in the sediment core, spans from 270 to 30 cm depth and is composed 

of silty clay. Two shells found at depths of 250 and 70 cm suggest the presence of marine 

macro-organisms during this time period. The unit's bottom half is colored yellowish grey (2.5Y 

4.1), transitioning to greyish brown (2/5Y 4/2 and 2/5Y 3/2) in the top portion (Fig 5). 

Water content in Unit 4 varies, ranging from 20 % to 61 %, with the highest value of 61.4 % 

observed at a depth of 90 cm (Fig 7). Water content gradually decreases from this depth towards 

Unit 5. Magnetic susceptibility varies from low to high, with the highest value of 29.2*10-5 SI 

at a depth of 36 cm, and the lowest value of 2.05*10-5 SI at 96 cm depth (Fig 7). Benthic 

foraminiferal concentration in Unit 4 increases towards the center of the unit and decreases 

towards the top (Fig 10). Concentration ranges from 42 to 153 no./g sediment with the highest 

concentration observed at 110 cm deep (153 no./g sediment). In contrast, planktonic 

foraminifera concentration remains steady at zero throughout the unit. Benthic foraminiferal 

flux ranges between 2000 and 8400 no./cm2 k-1, with a peak observed at a depth of 110 cm (Fig 

10). 

IRD per gram sediment remains low, at approximately 0 until a depth of 200 cm (Fig 8). The 

amount of IRD gradually increases, reaching a peak at 80 cm depth. The ratio of planktonic to 

benthic foraminifera remains around 0 throughout the unit, indicating a dominance of benthic 

foraminifera in this environment. 
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4.1.5 Unit 5 (30-0 cm depth) 

Unit 5, the uppermost layer of the sediment core, is primarily composed of clayey silt, as 

indicated by the sediment's composition and texture (Figures 4 and 7). The sediment color is 

uniformly dark, featuring a brownish-black hue (2.5Y 3/1) throughout the layer (Figures 4 and 

5). Water content in the bottom part of Unit 5 is around 20 %, gradually increasing towards the 

top of the unit (Fig 7). Due to the limited number of sediment samples in this unit, the findings 

are constrained, similar to Unit 1. 

Magnetic susceptibility in this unit remains relatively constant until the middle of the layer, 

where it drops to approximately 30*10-5 SI (Fig 7). The decrease in magnetic susceptibility in 

the middle of the layer could signify a change in the sediment's source or composition. 

Benthic foraminiferal concentration in Unit 5 ranges between 20 and 40 no./g of sediment (Fig 

10). Benthic foraminifera flux fluctuates, spanning from 2000 to 2500 no./cm2 k-1 (Fig 10). 

Planktonic foraminifera concentration remains consistently zero, with the ratio of planktonic to 

benthic foraminifera similarly zero. These results suggest that the sediment conditions in this 

layer were unsuitable for planktonic foraminifera survival and growth, while benthic 

foraminifera were present but in low numbers. 

The number of IRD per gram of sediment in Unit 5 is approximately one at the bottom and two 

at the top of the layer (Fig 8). The IRD flux follows the same pattern, ranging from 60 to 140 

no./cm2 k-1 (Fig 9). The increase in IRD flux towards the top of the layer could indicate a change 

in the depositional environment or an increase in the supply of IRD to the site. 
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4.2 Chronology 

4.2.1 Age Model 

In order to establish an age model for HH15-1280-GC, the two AMS radiocarbon dates from 

N. labradorica were calibrated using the calibration curve Marine20 (Heaton et al., 2020). The 

calibrated ages with the highest probability within the mean values of the two ranges were used 

to build the chronology for the age model. It is important to note that there were no radiocarbon 

dates available for the top and bottom sections of the core due to limited funds. 

The calibrated dates from the core HH15-1280-GC vary from 6362.5 to 1145.5 cal years ago, 

covering a depth range of 80.5 to 430.5 cm in the core (Table 2). By assuming a linear 

accumulation rate across the dated layers, the calibrated dates were plotted against depth to 

establish an age-depth model for the core (Fig 11). From this age model, the ages in subsequent 

analysis will be given in calibrated (calendar) years BP. It is important to note that this age-

depth model assumes a constant sedimentation rate, which may not be the case for the entire 

length of the core. Further studies incorporating additional dating methods or sedimentological 

analyses can be employed to refine the age model and sedimentation rates in the core. 

 

Figure 11: Age-depth model for core HH15-1280-GC based on calibrated radiocarbon dates and assumption of 
linear accumulation rates. 
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4.2.2 Sedimentation rate 

The sedimentation rates calculated between the calibrated radiocarbon dates provide valuable 

information on the accumulation rates of sediments in the study area. The average 

sedimentation rate between 0 cm and 80.5 cm depth is 70.27 cm/ky assuming recent sediments 

at the core top, while that between 80.5 cm and 430.5 cm depth is 67.08 cm/ky. Assuming that 

the sedimentation rates remain constant outside the calibrated radiocarbon dates, the sediment's 

age at the core's bottom is predicted to be 7793±25 calibrated years BP, indicating the age of 

the sediments at the bottom of the core, which is 526 cm deep. These dating and computations 

allow the development of an age model, which provides an estimate of the sediment ages 

throughout the core (Fig 11). Therefore, based on these results, it can be inferred that the 

sediments in the study area date from the early to late Holocene. 

The age model developed in this study is provides a framework for comparing the study's results 

with other studies in the same or adjacent regions and enable a more comprehensive 

understanding of the sedimentary processes in the Arctic region during the Holocene 

(Rasmussen et al., 2012). Similar sedimentation rates have been reported in other studies from 

the Svalbard region (Rasmussen et al., 2012), supporting the consistency of the sedimentation 

rate estimates in the Hinlopen area. 

 

 

4.3 Description of biozones 

Core HH15-1280-GC has been analyzed for down-core distribution of benthic foraminifera 

(Figures 12 and 13). The foraminiferal record of core HH15-1280-GC comprises 12 calcareous 

benthic and 2 planktonic species, indicating a diverse and well-preserved assemblage. In this 

study, we will focus on the dominant benthic species, which fulfill the following criteria: (1) 

they are the most abundant throughout the core, (2) they have specific environmental 

preferences that can be useful in paleo reconstruction, and (3) they account for more than 5 % 

of the total fauna in a sample. 

Seven benthic species that meet these criteria will be presented in the faunal description. The 

distribution patterns of these species allow the foraminiferal record to be divided into five 
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assemblage zones (AZ). Assemblage zones are described in stratigraphic order, from the oldest 

to the youngest. Figures 12 and 13 illustrates the distribution of these benthic species, as well 

as the density, flux, and diversity of the fauna in the different samples. The assemblage zones 

correspond to the same boundaries as the lithological units, highlighting the close relationship 

between the benthic species distribution and sedimentary environments. 

 

4.3.1 Unit AZ 1: Nonionellina labradorica and Cassidulina reniforme (526-490 cm) 

In Unit AZ 1 of core HH15-1280-GC, which spans from 526 cm to 490 cm, the dominant 

benthic foraminifera species are Nonionellina labradorica and Cassidulina reniforme. This 

assemblage zone marks a transition from sediment with a high flux of foraminifera (14000 

no./cm2 k-1) to a foraminifera-poor sediment (Figures 12 and 13). The zone can be divided into 

two phases based on the dominant species' significant positive peaks. The first phase between 

526 and 510 cm is characterized by a gradual increase in the abundance of C. reniforme, which 

reaches a maximum value of 50 %. The second phase, which spans from 500 cm to 490 cm, is 

marked by the dominance of N. labradorica, which accounts for 65 % of the species. 

In addition to the dominant species, the subdominant foraminifera species in this unit include 

Melonis barleeanus, Islandiella helenae/norcrossi, Buccella spp and Cassidulina neoteretis, 

which account for 12.5 %, 6 %, 4 %, and 2.5 % of the species, respectively. The lowest portion 

of the zone is characterized by a considerable peak with the highest quantity of 14000 no./cm2 

k-1 benthic foraminifera, followed by a decline and fluctuating values. 
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Figure 12: Distribution of dominant benthic foraminiferal species and benthic and planktonic flux in core HH15-
1280-GC. The percentage abundance of each species is plotted against age (Cal years BP) and depth (cm).  

4.3.1.1 Interpretation 

The dominance of N. labradorica in the upper portion of the assemblage zone indicates a shift 

to warmer and less saline conditions, and presence of the sea ice edge and polar front and 

seasonal sea ice cover (Alve et al., 2016). Nonionellina labradorica is a known subpolar 

species, indicating the presence of subpolar Atlantic Water and a front of high productivity. 

Islandiella helenae/norcrossi and C. neoteretis are also indicative of relatively warmer bottom 

water masses (Hald and Vorren, 1987; Hald and Korsun, 1997). The fluctuating values of 

foraminiferal abundance suggest a variable environment, likely influenced by seasonal changes 

in sea-ice cover and water mass variability.  

Overall, the assemblage zone suggests a transitional environment, characterized by shifts 

between colder periods, dominated by Arctic Water masses and extensive sea ice coverage, and 
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warmer periods influenced by Atlantic Water. These shifts may be associated with changes in 

oceanic circulation patterns, such as variations in the strength and position of the Atlantic 

Meridional Overturning Circulation (AMOC) and regional currents, affecting the distribution 

of water masses, the presence of sea ice, and the heat transport in the study area. 

 

 

Figure 13: Distribution of dominant benthic foraminiferal species and benthic and planktonic flux in core HH15-
1280-GC. The percentage abundance of each species is plotted against age (Cal years BP) and depth (cm).  

 

4.3.2 Unit AZ 2: Melonis barleeanus and Cassidulina reniforme (490-370 cm) 

Assemblage zone 2, which spans from 490 to 370 cm, is characterized by a decline in the 

relative abundance of C. reniforme and Buccella spp. and a significant increase in the relative 

abundance of M. barleeanus and planktic foraminifera (Figures 12 and 13). Melonis barleeanus 
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dominates the zone, accounting for 47 % of the entire fauna in the bottom section of the zone. 

C. reniforme diminishes dramatically across the zone but remains over 20 % in the lowest half 

of the core. Buccella spp. shows a progressive reduction down to 1 % and fluctuates between 1 

and 8 % across the zone. Other common species include N. labradorica (19 %), I. 

helenae/norcrossi (8 %), Elphidium excavatum (3 %), Buccella spp. (2.5 %), and C. neoteretis 

(2 %). 

4.3.2.1 Interpretation 

The dominance of C. reniforme correlates with the greatest number of planktic foraminifera in 

the core. This suggests a period of strong influx of chilled Atlantic Water (Polyak and Solheim, 

1995; Lubinski et al., 2001; Jennings et al., 2004). The abundance of planktic foraminifera, in 

conjunction with benthic species that prefer deeper water, also indicates strong inflow of 

Atlantic Water. Islandiella helenae/norcrossi and M. barleeanus attain their greatest abundance 

in the highest tier of the zone, which is attributed to an influx of cold Atlantic Water (Hald and 

Steinsund, 1996). They also imply increasing salinities and greater fluxes of organic material 

to the seafloor, presumably owing to algae blooms along the sea-ice edge and Atlantic Water 

carrying abundant food probably associated with strong tidal currents (Hald and Steinsund, 

1996; Steinsund and Hald., 1994). This suggests that the sea ice edge was retreating, and the 

sea ice cover was decreasing. 

In summary, the assemblage zone 2 suggests a changing environment characterized by an influx 

of cold Atlantic Water, increasing salinities, and greater fluxes of organic material to the 

seafloor, which indicate that the sea ice was disappearing. 

 

4.3.3 Unit AZ 3: Melonis barleeanus and Nonionellina labradorica (370-270 cm) 

Unit AZ 3, which ranges from 370-270 cm, is dominated by M. barleeanus and N. labradorica. 

Melonis barleeanus comprises a large proportion of the benthic assemblage in this unit, ranging 

from 10 to 80 percent (Figures 12 and 13). Other benthic species present in this zone include 

N. labradorica, C. reniforme, I. helenae/norcrossi, and E. excavatum. The percentage of the 

polar species C. reniforme is low yet steady. Buccella spp and C. neoteretis are also present but 

in low frequencies. The benthic flux is modest, and the planktic flux is almost non-existent, 

with a minimal P:B ratio. 
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4.3.3.1 Interpretation 

In this section, the benthic foraminiferal assemblages M. barleeanus and N. labradorica are 

discussed in relation to their environmental significance. The presence of M. barleeanus in this 

unit indicates the presence of cold Atlantic Water, which is characterized by low temperatures 

and high nutrient availability (Mackensen et al., 1993). Additionally, the higher sedimentation 

rates and fine sediments with high and consistent rates of partially decomposed organic carbon 

also suggest the presence of a productive and nutrient-rich environment and likely strong tidal 

currents (Caralp, 1989; Steinsund et al., 1994). 

The modest rise in E. excavatum up-core suggests a reduction in salinity, which is often 

associated with changes in oceanographic conditions such as freshwater inputs or changes in 

sea ice cover (Steinsund and Hald., 1994; Hald and Steinsund, 1996; Hald and Korsun, 1997). 

Nonionellina labradorica, on the other hand, is associated with the Polar Front, a zone where 

water masses from the Arctic and Atlantic meet, leading to rapid changes in water properties 

and high organic production (Steinsund and Hald, 1994; Jennings et al., 2004). It is typically 

found at intermediate depths of water and in somewhat sandy strata. 

Overall, the assemblages of benthic foraminifera in this unit suggest a cold, nutrient-rich 

environment with fluctuations in salinity and the presence of the Polar front.  

 

4.3.4 Unit AZ 4: Melonis barleeanus, Nonionellina labradorica and Elphidium 
excavatum (270-30 cm) 

Unit AZ 4, ranging from 270-30 cm, is dominated by M. barleeanus, N. labradorica, E. 

excavatum, and I. helenae/norcrossi, with maximum relative abundances of 60 %, 45 %, 45 %, 

and 18 %, respectively (Figures 12 and 13). The relative abundance of E. excavatum shows a 

rise with a maximum value of 45 % before dropping within the top 180 cm (2700 cal yr. BP), 

indicating changes in salinity (Steinsund and Hald., 1994; Hald and Steinsund, 1996; Hald and 

Korsun, 1997). In contrast, C. reniforme declines significantly across the zone, but remains 

around 5 % in the uppermost part of the core. Other abundant species include C. neoteretis (4 

%) and Buccella spp (4 %). Nonionellina labradorica increases from 10 % to 70 % at 30 cm 

and is found in the upper zone. The concentration of benthic foraminifera increases within the 

center of the unit. 
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4.3.4.1 Interpretation 

The benthic foraminifera assemblage dominated by M. barleeanus, N. labradorica, E. 

excavatum, and I. helenae/norcrossi in unit AZ 4 suggests a glaciomarine environment ranging 

from ice-distal to ice-proximal. The increase in relative abundance of E. excavatum indicates 

cooler bottom water and a reduction in salinity, likely associated with harsher circumstances 

such as more widespread seasonal ice cover, high turbidity, high sedimentation rates, and 

enhanced glacial activity and polar conditions. The decrease in C. reniforme and the rise in E. 

excavatum also suggest a decrease in inflow of Atlantic water. The presence of N. labradorica, 

I. helenae/norcrossi, and Buccella spp. indicates substantial organic fluxes to the seafloor, 

suggesting a system with seasonal sea ice cover and high productivity habitats associated with 

the ice-edge. (Hald and Steinsund, 1996; Hald and Korsun, 1997; Jennings et al., 2004; Polyak 

et al., 2002; Polyak and Mikhailov, 1996; Rasmussen and Thomsen, 2014; Zajaczkowski et al., 

2010). 

4.3.5 Unit AZ 5: Nonionellina labradorica, Melonis barleeanus and Islandiella 
helenae/norcrossi (30-0 cm) 

At around 30 cm, the beginning of assemblage zone 5 is characterized by a notable increase in 

the relative abundance of several species (Figures 12 and 13). Nonionellina labradorica 

abundance increased from 70 % to 100 %, at the core top, while I. helenae/norcrossi increased 

from 0 % to 25 % (25 cm depth). Meanwhile, certain species like C. neoteretis and C. reniforme 

experienced a decline and were absent from the top of the core. The number of benthic 

foraminifera per gram also declined from 50 to 20 % at 20 cm. Positive oscillations in I. 

helenae/norcrossi and C. reniforme connect with negative oscillations in C. reniforme. 

4.3.5.1 Interpretation 

The increase in the relative abundance of N. labradorica from 70 % to 100 % in assemblage 

zone 5 suggests an extremely productive environment with ample food sources (Corliss, 1991; 

Polyak and Mikhailov, 1996; Zajaczkowski et al., 2010). This species is most abundant in the 

Barents Sea when bottom waters are colder than 2 °C and salinities are as low as 33-34 PSU 

(Cedhagen, 1991; Steinsund and Hald, 1994). The rise in I. helenae/norcrossi from 0 % to 25 

% also indicates the influence of the productive habitats associated with the ice edge (Polyak 

and Mikhailov, 1996; Zajaczkowski et al., 2010). The decrease in C. neoteretis and C. 

reniforme to zero and their absence from the top of the core suggest that the environmental 

conditions changed significantly. The decrease in the number of benthic foraminifera per gram 
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from 50 to 20 % at 20 cm indicates a reduction in organic matter supply to the seafloor 

(Cedhagen, 1991). The positive oscillations in I. helenae/norcrossi and C. reniforme connect 

with the negative oscillations in C. reniforme, which suggests changes in the water masses and 

the source of the organic matter supply (Jennings et al., 2004). 

 

4.4 Stable isotope analysis and BWT 
The δ18O and δ13C values obtained from the benthic sediments in the Hinlopen Strait provide 

insights into the Holocene climate and oceanic conditions (Fig 14). 

Early Holocene (Lithological Unit 1, 7700-7300 cal yr. BP; 526-490 cm depth): During this 

period, δ18O levels were low, ranging between 4.16 ‰ and 4.01 ‰, and δ13C values declined 

from -1.92 ‰ to -2.34 ‰. 

Mid-Holocene (Lithological Unit 2, 7100-5500 cal yr. BP; 490-370 cm depth): δ18O values rose 

to a peak at 440 cm depth (6600 cal yr. BP), then decreased towards the end of the unit at 370 

cm depth (5500 cal yr. BP). The δ13C values concurrently increased from -2.3 ‰ to -1.95 ‰. 

The BWT values decreased from 2 °C at 490 cm to 1.3 °C at 440 cm (7100-6600 cal yr. BP) 

and then increased to 2.5 °C at 370 cm depth (5500 cal yr. BP). 

Mid-Holocene (Lithological Unit 3, 5500-4000 cal yr. BP; 370-270 cm depth): The δ13C values 

increased to a peak of -1.54 ‰ at 340 cm (5100 cal yr. BP) before declining to -2.1 ‰ at 270 

cm. Concurrently, δ18O values increased from 4.0 ‰ at 370 cm to 4.14 ‰ at 340 cm, then fell 

to 4.05 ‰ at 340 cm, and finally increased again to 4.22 ‰ at 270 cm. The BWT values 

decreased from 2.5 °C at 370 cm to 1.3 °C at 280 cm (4100 cal yr. BP), and then started to 

increase again at 270 cm (4000 cal yr. BP). 

Late Holocene (Lithological Unit 4, 4000-450 cal yr. BP; 270-30 cm depth): δ18O values 

exhibited minor fluctuations while δ13C values decreased to a minimum (-2.7 ‰) around 3500 

cal yr. BP and then stabilized. Decreases in δ18O values were observed between 3500 and 3300 

cal yr. BP (270-250 cm), and between 2100 and 1700 cal yr. BP (200-150 cm). Conversely, 

δ18O values increased between 1700 and 600 cal yr. BP (150-60 cm). BWT values decreased 

from 270 cm to a minimum of 1.1 °C at 220 cm (3200 cal yr. BP), at the same time δ18O reach 

to maximum (4.28 ‰) then increased to 2.4 °C at 200 cm (3100 cal yr. BP), showed a minor 
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decrease, and finally increased to a maximum of 2.9 °C at 110 cm (1300 cal yr. BP), before 

decreasing to present values. 

 

 

Figure 14: Stable isotope data and bottom water temperature (BWT) for core HH15-1280-GC, displaying δ18O 
(blue line represents ice volume corrected values, and red line represents two points mean values for corrected ice 
volume values) and δ13C values plotted against calendar age and depth (cm). 

 

4.5 Sortable silt data 

Sortable silt is an important parameter in paleoceanographic studies, as it provides valuable 

information on sediment transport and depositional processes, ocean currents, and sediment 

supply from land (McCave et al., 1995). In this study, we analyzed sortable silt data to 

investigate changes in sedimentary environments and their potential links to climate and 

oceanographic conditions in the Hinlopen Strait. 
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The analysis of sortable silt in this study uncovered several intriguing observations (Fig 15). 

Between 526-480 cm (7700-7100 cal yr. BP), the sortable silt percentage (SS%) of 10-63 µm 

sediments increased from 35 % to 46 %, while the percentage of sediments smaller than 10 µm 

(% <10 µm) exhibited a declining trend within the same period (from 58 % to 48 %).  

Between 480-440 cm (7100 and 6600 cal yr. BP), the SS% content increased, reaching a peak 

of 53 % at 440 cm (6600 cal yr. BP). Simultaneously, the % <10 µm decreased to 45 %. From 

440-420 cm (6600-6300 cal yr. BP), the % <10 µm rapidly increased to 56 %, while the SS% 

sharply declined to 41 %. In the 420-390 cm (6300-5800 cal yr. BP) interval, both % <10 µm 

and SS% remained relatively stable at approximately 41 %. From 390-360 cm (5800-5300 cal 

yr. BP), SS% increased to 51 %, while % <10 µm decreased to a minimum of 37 %. 

From 360 cm (5300 cal yr. BP) to 350 cm (5200 cal yr. BP) and then to 330 cm (4900 cal yr. 

BP), SS% exhibited a minor decrease and subsequent increase. Between 330-320 cm (4900- 

4700 cal yr. BP), SS% declined, reaching 41 %, while % <10 µm increased to 55 %. In the 310-

170 cm (4600-2700 cal yr. BP) interval, % <10 µm, and SS% experienced slight fluctuations, 

except around 230 cm (3500 cal yr. BP), when % <10 µm increased and SS% decreased. 

However, the SS% during this interval was the highest throughout the Holocene. From 170 cm 

(2700 cal yr. BP), SS% began to decline from 52 % to a lower level, reaching 40 % at 140 cm 

(2200 cal yr. BP). Following a minor rise around 130-120 cm (2000-1900 cal yr. BP), SS% 

decreased around 90 cm (1500 cal yr. BP) and began to increase at 40 cm (600 cal yr. BP). 

Ultimately, SS% reached its lowest level in the Holocene (37 %) at 30 cm (400 cal yr. BP), 

while % <10 µm simultaneously peaked at 63 %. 
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Figure 15: The distribution of sortable silt particle sizes 10-63 µm (SS%) and % <10 µm plotted against calibrated 
age (cal BP) and depth (cm) for the sortable silt section.  
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5. Interpretation 

In this section, we will discuss various significant climatic events that have been identified in 

our data, including the Little Ice Age (LIA), Medieval Warm Period (MWP), Dark Ages Cold 

Period (DACP), Roman Warm Period (RWP) and Little Ice Age (LIA) as well as some other 

cooling and warming events. These events are explained by their features and highlighted in 

graphs. The core record HH15-1280-GC has been divided into three-time intervals based on 

radiocarbon data, benthic and planktic foraminiferal concentration and flux, dominant benthic 

foraminiferal species distribution patterns, oxygen isotope data of benthic foraminifera, the 

percentage of various grain size fractions, the concentration and flux of ice-rafted debris, and 

the magnetic susceptibility: 

Time interval c. 7700-7300 cal yr. BP (early Holocene). 

 Time interval 7300-4000 cal yr. BP (mid-Holocene). 

Time interval 4000 cal yr. BP- present (late Holocene). 

5.1 Time interval 7700-7300 cal yr. BP (early Holocene) 

Our data shows for the late early Holocene a low planktic foraminiferal flux, high benthic 

foraminiferal flux, and low IRD concentration (Figures 18 and 19), indicating improved 

environmental conditions and reduced icebergs. This period is characterized by two events: 1) 

a rapid increase in N. labradorica (from 27 % to 65%) at c. 7400 cal yr. BP; 2) an increase of 

C. reniforme (from 50 % to 5%) at c. 7400 cal yr. BP. The dominance of C. reniforme with low 

IRD (0.2 No.IRD/g sediment) and high benthic foraminifera flux (14000 no./cm2 k-1) indicates 

strong Atlantic Water influence and significant climatic improvement. The co-occurrence of C. 

reniforme and N. labradorica suggests the proximity of the Polar Front's proximity, while low 

percentages of C. neoteretis and M. barleeanus abundance indicates reduced advection of 

Atlantic-derived water. 

Buccella spp, averaging 3.5 % (Fig 20), is associated with seasonal sea ice cover and high 

seasonal productivity, preferring temperatures between 0 °C and 1 °C and salinities around 33-

34 PSU. Foraminiferal oxygen isotope data show higher values at 7500 cal yr. BP, probably 

reflecting lower Atlantic Water influx and lower temperatures. The fine sediment fraction (% 

< 63 µm) decreases due to higher bottom current activity (Fig 16), but low IRD content and 
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sand suggest ice-distal conditions. The end of the early Holocene is marked by high clay content 

(17 %), low IRD, and low SS% values (Fig 16), suggesting weak bottom current speeds and 

sedimentation dominated by fine-grained material like clay. 

 

Figure 16: Records of δ18O, summer insolation (80o) (Ślubowska et al., 2005), SSmean, grain-size fractions, and 
ratio of Kaolinite (K = ESC indicator) to Chlorite (Chl = WSC indicator) (Sternal et al., 2014), plotted against age 
(cal yr. BP) during Holocene for core HH15-1280-GC (Hinlopen Strait). 
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Figure 17: Records of δ18O, summer insolation (80o) (Ślubowska et al., 2005), δ13C, BWT (bottom water 
temperature; see methods for explanation), and ratio of Kaolinite (K = ESC indicator) to Chlorite (Chl = WSC 
indicator) (Sternal et al., 2014), plotted against age (cal yr. BP) during Holocene for core HH15-1280-GC 
(Hinlopen Strait). 
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Figure 18: Records of δ18O, summer insolation (80o) (Ślubowska et al., 2005), δ13C, IRD > 500 µm, 250-500 µm 
and flux IRD >500 µm and 250-500 µm plotted against age (cal yr. BP) during Holocene for core HH15-1280-
GC (Hinlopen Strait). 
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Figure 19: Records of δ13C, benthic foraminiferal flux and relative abundances of selected foraminiferal taxa 
grouped based on their ecological preferences plotted versus age.  
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Figure 20: Records of δ13C, benthic foraminiferal flux and relative abundances of selected foraminiferal taxa based 
on their ecological preferences are shown for Holocene. 
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5.2 Time interval 7300-4000 cal yr. BP (mid-Holocene) 

The mid-Holocene period (7300 to 4000 cal yr. BP), as illustrated, experienced significant 

changes in the marine environment (Figures 16, 17, 18, 19 and 20). The sediment composition 

was primarily silty to fine sand, similar to the early Holocene, which suggests sediment 

accumulation from the water column and minimal influence from strong ocean currents (Fig 

16). The magnetic susceptibility is lower than early Holocene.  Several abrupt cooling events 

interrupted the warming trend in the Hinlopen Strait during this period. An increase of 

meltwater release from melting icebergs during glacial conditions caused a slowdown of the 

thermohaline circulation and the advection of warm Atlantic water to higher latitudes every 

1000 to 2000 years, resulting in a cooling (Bond et al., 1993). This section investigates all 

cooling and warm events and associated features.  

From 7000 to 4000 cal yr. BP (mid-Holocene), δ13C values and most of the benthic species 

display higher than average values, which may indicate a period of enhanced productivity or 

better ventilation (Fig 17). This observation aligns with other studies conducted in the Svalbard 

and Hinlopen regions (Rasmussen et al., 2014; Ślubowska-Woldengen et al., 2008), which also 

reported increased productivity and ventilation during the mid-Holocene. 

During the first interval (7000-6600 cal yr. BP), climatic and environmental shifts occurred in 

the Hinlopen Strait. The K/Chl ratio curve (Sternal et al., 2014) reflects the relative 

contributions of ESC and WSC deposits and helps better understand sedimentary origins and 

oceanic currents. The peak at 6600 cal yr. BP in K (ESC indicator) suggests cooling and lower 

salinity resulting from decreased Atlantic Water inflow, increased Arctic surface water, and 

expanded seasonal sea-ice cover (Fig 17). 

Higher δ18O and BWT values (Fig 17) signal a stronger Arctic Water presence, leading to a 

more dominant cold-water mass. The major peak (5.5 %) in sediments larger than 500 µm (Fig 

16) could indicate increased sediment input or changes in sediment transport dynamics. 

Environmental shifts, such as lower water temperatures or reduced food availability, may 

explain the decreased influx of benthic foraminifera. These findings suggest a retreat and 

weakening of the WSC from the shelf and a growing ESC influence (Fig 17). The period of 

7000-6000 cal yr. BP corresponds to the establishment of the modern circulation pattern in the 

Nordic Seas (Thornalley et al., 2010). 
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ESC-driven transport of colder, less saline water and sea ice led to strong water column 

stratification and variable salinity. Seasonal pack ice break-up increased primary productivity, 

leading to oxygen depletion and low carbon isotope ratios in the bottom waters (Fig 17). A 

decrease in SS% (22 %) in this interval suggests ocean circulation changes, possibly due to 

weakened warm Atlantic Water inflow (Fig 16).) The cooling event around 6600 cal yr. BP in 

Northern Svalbard correlates to records from the Norwegian margin records, indicating a 

regional influence of Arctic Water and tidewater glaciation (Hald et al., 2007). Thus, the 

decreasing summer insolation causing a cooler climate and the reduced AW advection may 

have allowed the glaciers to grow; however, without reaching a size resulting in a considerable 

increase in deposition of IRD. 

The second interval (6600-5600 cal yr. BP) features decreasing δ18O values, increasing BWT 

to 2.5 °C (Fig 17), a minor increase in % IRD > 250 µm, and less % IRD > 500 µm (Fig 18), 

indicating a warming event. This warming could result from reduced glacial meltwater input or 

increased influence of warmer Atlantic Water. The ratio of Kaolinite to Chlorite (Sternal et al., 

2014) decrease (Fig 17), while the high percentage of M. barleeanus is indicates enhanced 

Atlantic Water inflow and high organic matter flux (Fig 19). A decline in sediments larger than 

100 µm and 500 µm is observed, and the increased flux of benthic foraminiferal species 

corresponds to higher water temperatures and food availability. The SS% proxy suggests slower 

near-bottom currents during this period (Fig 17), and clay content increases, possibly due to 

changes in sediment sources or transport dynamics from altered oceanographic conditions. 

Between 5600 and 5200 cal yr. BP, the Hinlopen Strait experienced climatic and environmental 

changes marked by increasing δ18O values (Fig 16), which remained higher than during the first 

cooling event (7000-6600 cal yr. BP). Concurrently, δ13C values increased (Fig 17), suggesting 

changes in water mass properties or oceanographic conditions. A cooling event occurred during 

5200-5600 cal yr. BP, with a general weakening of the WSC and increasing ESC influence.  

A minor peak in % IRD > 250 µm (Fig 18) indicates limited impact from proximal glacial 

activity or ice rafting. The flux of benthic foraminifera declined, while percentages of I. 

helenae/norcrossi and N. labradorica increased (Figures 19 and 20). Changes in sediment 

sources or transport dynamics are suggested by decreasing clay content and increasing SS%. 

Enhanced current speed could result from stronger but colder Atlantic Water influence. 

Between 5200-4600 and 4600-4200 cal yr. BP, the Hinlopen Strait experienced a warming and 

cooling event, respectively (Fig 17). The mid-Holocene faunal shift suggests a colder 
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environment with lower salinity, attributed to reduced Atlantic Water inflow. This reduction 

would affect glacial activity, the IRD record, and decrease faunal diversity and productivity. 

The presence of E. excavatum indicates more extensive sea-ice cover, high turbidity, and 

fluctuating salinities (Hald et al., 1994; Hald and Korsun, 1997) (Fig 18). 

 

5.3 Time interval 4000 cal yr. BP-present (late Holocene) 

The shift from the mid-Holocene to the late Holocene, spanning from 4000 cal yr. BP to present 

(Figures 16, 17, 18, 19 and 20), is marked by significant marine environmental changes. The 

increased relative abundance of E. excavatum (Fig 20) during the late Holocene implies harsher 

conditions, characterized by elevated turbidity and sedimentation rates. Meanwhile, the decline 

of C. reniforme (Fig 20) suggests reduced salinities due to diminished Atlantic Water inflow 

and a prevailing presence of Arctic Waters. However, the coexistence of I. helenae/norcrossi 

and C. reniforme indicates that Atlantic water continues to flow as a subsurface layer. In 

contrast to other regions in Svalbard, the late Holocene shows warmer bottom water 

temperatures than the mid-Holocene in the Hinlopen Strait (Fig 17). This is probably primarily 

due to the strong surface water stratification, which coincided with decrease in near surface 

current (SS%; Fig 16) and δ13C values (Fig 17) and diminished ventilation. Reduction in mixing 

of water layers restricts and isolates the Atlantic bottom water (Fig 17). As a result, the bottom 

water is unable to lose heat, leading to an increase in water temperature and correspondingly 

lower δ18O values. 

Between 3600 and 3400 cal yr. BP, a sharp increase in δ13C (Fig 17) and flux of benthic 

foraminifera occurred, along with a decrease in percentages of I. helenae/norcrossi, C. 

reniforme, concentration of IRD, and δ18O, indicating a stronger influence of cold (modified) 

Atlantic Water (Nesje et al., 2008; Bakke et al., 2005). From 3400 to 3200 cal yr. BP, a cooling 

event took place, evidenced by increased δ18O (Fig 16), higher concentration of IRD > 500 μm 

(Fig 18), clay content (Fig 16), and flux of benthic foraminifera, along with increased 

abundance of Buccella spp, and a decrease in BWT to (1.1 °C; Fig 17) suggesting expanded 

sea ice distribution (Ślubowska-Woldengen et al., 2007). 

During the late Holocene, the influence of the ESC apparently intensified due to more water 

stratification, with the increased presence of cold-water species like I. helenae/norcrossi 

suggesting enhanced sea ice presence (Ślubowska-Woldengen et al., 2008). The near-zero 
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abundance of E. excavatum (Fig 20) indicates reduced Polar influence at the sea floor and 

decreased turbidity. 

The Roman Warm Period (RWP; 2200-1600 cal yr. BP) saw a minimum in IRD (Fig 18) and 

increasing bottom water temperature (2.8 °C; Fig 17), suggesting intensified AW influence. 

The Dark Age Cold Period (DACP; 1300-1000 cal yr. BP) experienced cooling, increased IRD 

(Fig 18), and heightened glacial activity (Hald et al., 2007), with the rise in grain size across all 

ranges (Fig 16) and decreasing BWT to 1.8 °C (Fig 17) indicating increased glacial influence 

(Svendsen et al., 1997; Humlum et al., 2005). The Medieval Warm Period (MWP; 600-800 cal 

yr. BP) saw fluctuations in glacial dynamics and oceanographic conditions, with a rise in E. 

excavatum (Fig 20) and decline in cold-dominant species, pointing to the influence of AW and 

a warmer climate (Miller et al., 2012; Mangerud et al., 2018; Ślubowska et al., 2005). 

 

5.4 Assessing the Influence of Tectonics, Glacial Activity, and Sea Ice 
on Sortable Silt data and Sediment Transport Dynamics 

The sortable silt data in the Hinlopen Strait provides valuable insights into the sediment 

transport dynamics and paleoceanographic conditions of the region during the Holocene. A 

more detailed analysis was performed by plotting SS% against SSmean (Geometric mean grain 

size of 10-63 µm), revealing a positive correlation with an R-value of 0.82 (Fig 21) following 

McCave and Andrews, 2019. This strong relationship suggests that periods with higher SS% 

are characterized by a coarser sedimentary composition, indicating increased sediment 

transport and deposition by stronger bottom currents (McCave et al., 2006). Conversely, lower 

SS% values are associated with a finer sediment composition, indicative of weaker bottom 

currents and slower sediment transport (Thornalley et al., 2010). The high degree of correlation 

between SS% and SSmean demonstrates that the sortable silt fraction is a reliable proxy for 

reconstructing variations in bottom current strength and sedimentation processes throughout 

the investigated time intervals (McCave et al., 2006). 
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Figure 21: Scatter plot of sortable silt percentage (SS%) against sortable silt mean grain size (SSmean) with a 

strong positive correlation (R=0.82; liner equation: y = 0.1675 x + 13.848) indicating a close relationship between 

these two parameters.  

 

However, the downcore points 5 and 7 show (mean of 5 and 7 points) R values below 0.5 during 

the intervals 450-1700 and 2700-3700 cal yr. BP (Fig 22), which warrant further investigation.  

The Lomfjorden-Agardbukta Fault Zone (LAFZ) is a significant tectonic feature in the region 

(Fig 23) and may have a notable impact on the sortable silt data during specific intervals. The 

fault zone could potentially influence sedimentary processes and current patterns in the area, 

which might, in turn, affect the sortable silt data and the reliability of the R parameter (Ottesen 

et al., 2005). The LAFZ can alter sedimentary processes and current patterns in several ways: 

1. Topographic changes: The fault zone may cause topographic variations on the seafloor, 

leading to changes in current flow patterns. These modifications could result in an 

increased or decreased deposition of sortable silt particles, depending on the local 

current dynamics. 
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2. Sediment supply: The fault zone could impact the amount and type of sediments 

supplied to the region by influencing nearby erosion and sediment transport processes. 

For example, tectonic movements associated with the LAFZ may cause an increase in 

erosion rates from nearby land areas, consequently affecting the sortable silt content in 

the sediments. 

3. Seafloor instability: The fault zone's tectonic activity may induce seafloor instability, 

leading to mass wasting events such as landslides or turbidity currents. These events 

can cause the re-suspension and re-distribution of sortable silt particles, altering the 

sortable silt data and potentially affecting the R parameter's reliability. 

The proximity of the Hinlopen Strait to Spitsbergen suggests that sedimentary inputs from 

nearby fjords on the Spitsbergen side could be a significant factor. The presence of several 

fjords on the eastern Spitsbergen coast, such as Lomfjorden, may contribute sediments to the 

surrounding areas, particularly during periods of glacier advance and retreat. The time intervals 

450-1700 and 2700-3700 cal yr. BP coincide with periods of glacier and deglacial activity in 

the region, including the MWP, DACP, RWP and LIA (Kinnard et al., 2011) 

The increase in the abundance of foraminiferal species E. excavatum, I. helenae/norcrossi, and 

Buccella spp during these intervals suggests a stronger influence of sea ice in the Hinlopen 

Strait (Fig 22). The presence of increased sea ice could lead to the delivery of unsorted 

sediments to the study area, disrupting the sortable silt signal and contributing to lower R values 

during these periods. Additionally, low productivity and a reduced amount of particles smaller 

than 2 µm (clay content) during these intervals further support the idea of a stronger sea ice 

influence. 

Increased water column stratification during the intervals 450-1700 and 2700-3700 cal yr. BP 

may have also contributed to the observed lower R values in the sortable silt record. The 

combination of reduced vertical mixing, changes in sediment deposition patterns, and the 

influence of sea ice could have disrupted the sortable silt signal, resulting in less reliable R 

values during these time periods. 
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Figure 22: Clay content, IRD, SSmean, and R values, plotted along three dominant benthic foraminifera sensitive 
to iceberg presence. Gray bars highlighting intervals 450-1700 and 2700-3700 cal years BP indicating periods 
where the R parameter is less than 0.5. 
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Figure 23: Map of the study area in the Hinlopen Strait, highlighting the core location and proximity to the LAFZ 
fault zone (Lomfjorden-Agardbukta Fault Zone) and nearby fjords on the Spitsbergen side, such as Lomfjorden 
and Billefjorden. Modified from Piepjohn et al. (2015). 
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6. Discussion and correlation 

6.1 Development during the Holocene  
A discussion and correlation of the obtained sedimentological and foraminiferal data, with the 

created age model is presented in the first part of this chapter. The results are divided and 

discussed within different time intervals from the early Holocene to the present. This is done to 

reconstruct the Holocene paleoenvironment and paleoceanography of the study area. The last 

part aims to put the results in a wider context with observations and implications of the 

paleoceanography of the Nordic Seas, Barents Sea and the Svalbard margin. 

 

6.1.1 Early Holocene 
Our study's early Holocene data is somewhat limited, but the available evidence points to 

improved environmental conditions. The period is marked by a reduction in iceberg presence 

and low concentrations of Ice Rafted Debris (IRD). 

The early Holocene was a time of increased summer insolation, resulting in a climate 

significantly warmer than today (Fig 17). Studies carried out by Ślubowska et al. (2005) and 

Koç et al. (2002) at the northern Svalbard margin indicate that a rapid decrease in I. 

helenae/norcrossi and an increased abundance of N. labradorica signal a southward retreat of 

the Polar Front (Figures 19 and 20). The dominance of fine sediments, as illustrated in unit 5 

of core HH15-1280-GC, suggests an environment minimally influenced by strong ocean 

currents. 

The foraminiferal records from the Hinlopen Strait (as seen in Figures 19 and 20) show a clear 

shift with a significant increase in C. reniforme. Cassidulina reniforme is typically found in 

areas influenced by Atlantic Water and is associated with the warmer part of the Holocene. Its 

presence indicates ice-distal glaciomarine conditions, signifying a period of reduced ice 

coverage and warmer waters. 
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6.1.2 Middle Holocene 
The commencement of the mid-Holocene, specifically from 7300 cal yr. BP to 6600 cal yr. BP, 

is marked by a noticeable decrease in the absolute abundance of planktic and benthic 

foraminifera, particularly a reduction in M. barleeanus and C. reniforme. This decline 

corresponds with an increase in the δ18O record (Fig 17). An increase in δ18O values typically 

signals either a drop in temperature or a rise in salinity (Lubinski et al., 2001). This event aligns 

with a cooling phenomenon noted in the west Svalbard margin (core MD99-2304; Hald et al., 

2004; Ebbesen et al., 2007), the northwestern Barents Sea margin (core MD95-2011; 

Risebrobakken et al., 2003; Andersson et al., 2003 and core 23258; Hald et al., 2004; Ebbesen 

et al., 2007), which also saw a minor increase in IRD. According to Hald and Aspeli. (1997), a 

cooling period around 6500 cal yr. BP can be linked to heightened atmospheric pressure. 

This cooling event is mirrored, despite minor discrepancies in timing, in various foraminiferal 

records from the Svalbard and Barents Sea area. An analogous increase in δ18O was identified 

by Ślubowska et al. (2005) from the Hinlopen Trough, Ślubowska-Woldengen et al. (2007) 

from the Bellsund Trough, Skirbekk et al. (2010) from Kongsfjorden, and Hald et al. (2007) 

from the northwestern Barents Sea margin and west Svalbard margin (Hald et al., 2007). 

The benthic foraminiferal distribution pattern closely aligns with most other Holocene records 

from the Svalbard and Barents Sea area (Lubinski et al., 1996; Duplessy et al., 2001; Rasmussen 

et al., 2007). It concurs with a progressive cooling observed in the aforementioned studies, 

following the Holocene Temperature Optimum and extending into the middle and late 

Holocene. This cooling, accompanied by diminishing salinity, is likely a result of a decrease in 

the influx of Atlantic Water, increased prevalence of Arctic surface water, and a more extensive 

sea ice cover. 

From 6600 cal yr. BP to 5500 cal yr. BP, a recovery and stronger influence of Atlantic Water 

is indicated in the Hinlopen Strait. This is evidenced by an increase in C. neoteretis, a high 

percentage of C. reniforme, and a decrease in δ18O values. Improved conditions, marked by an 

increase in C. neoteretis and a higher concentration of benthic and planktic foraminifera, were 

similarly noted by Ślubowska et al. (2005) from the Hinlopen Trough, Ślubowska-Woldengen 

et al. (2007) from the Bellsund Trough, and Skirbekk et al. (2010) from Kongsfjorden. 
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6.1.3 Late Holocene 
 The transition from the mid-Holocene to the late Holocene is delineated by an increase in the 

relative abundance of E. excavatum, as evidenced in figure 20. This species' increasing 

prevalence during the late Holocene suggests a shift towards harsher conditions, characterized 

by heightened turbidity and elevated sedimentation rates (Jennings et al., 2004). This inference 

is reinforced by the observed decrease in C. reniforme, indicative of diminished salinities due 

to a reduction in the inflow of Atlantic Water as a subsurface layer (Ślubowska et al., 2007). 

The rise in percentage of E. excavatum, along with an increase in IRD flux, aligns with late 

Holocene fauna records reported by Ślubowska et al. (2005) from the Hinlopen Trough, 

Ślubowska-Woldengen et al. (2007) from the Bellsund Trough, and Skirbekk et al. (2010) from 

Kongsfjorden. Numerous late Holocene records from the Barents Sea, around Svalbard, and 

the Greenland shelf, show a similar rise in E. excavatum (Hald et al., 2004; Ślubowska et al., 

2005; Ślubowska-Woldengen et al., 2007; Skirbekk et al., 2010 and Rasmussen and Thomsen, 

2014). This trend is interpreted as a reflection of a general cooling and a paleoenvironmental 

shift towards more polar conditions across the region. 

The late Holocene's onset is marked by an increase in Buccella spp, N. labradorica, and I. 

helenae/norcrossi, suggesting heightened sea-ice coverage and a southward shift of the Polar 

Front. This shift is also documented in the Hinlopen Trough (Ślubowska et al., 2005). 

In the Hinlopen Strait, an increase in benthic foraminiferal abundances around 2200-1600 cal 

yr. BP points to improved conditions, potentially corresponding to the Roman Warm Period 

(Holzhauser et al., 2005). This period is recognized for warm climatic phases in Europe and is 

characterized by increased benthic foraminiferal abundances in the Hinlopen Strait. However, 

a sharp drop in foraminiferal abundance is discernible around 1600 and 300 cal yr. BP, which 

could align with the onset of the Dark Ages Cold Period and Little Ice Age (Grauel et al., 2013). 
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Figure 24: An overview map showing the location of core sites in the Norwegian, Barents Sea and Svalbard area 
and the approximate path of the currents. 

 

 

Table 3: Core location, water depth, geographical area and proxy data references. 
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6.2 Tracing Holocene Paleoceanographic Shifts: A Cross-Regional Study in 
Svalbard and north Barents Sea 

The analysis presented in this study, centering on core HH15-1280-GC, is primarily juxtaposed 

against the findings from cores NP94-51 from the Hinlopen Trough (Ślubowska et al., 2005), 

JM02-440 from the Bellsund Trough (Ślubowska-Woldengen et al., 2007), and NP05-11-21 

from Kongsfjorden (Skirbekk et al., 2010), NP05-71-GC from Kvitøya (Kristensen et al., 2013) 

and ASV 880 from Franz Victoria Trough (Duplessy et al., 2005) along with several other sites 

(Table 3). 

These comparative sites are strategically situated along the route of the WSC, which leads warm 

and saline AW towards the Arctic (Fig 24). Submerging beneath the sea ice and cold Arctic 

Water around 78°N, the AW continues as a subsurface flow along the western and northern 

shelves and continental slopes of Svalbard (Fig 24). Each of these locations, while subject to 

the inflow of AW, also encounters unique local conditions. 

The Hinlopen Trough, positioned at the edge of the Arctic Ocean, is subject to polar conditions 

including significant annual fluctuations in sea ice cover (marginal ice zone) and the interplay 

of AW and Arctic water masses (Cokelet et al., 2008). Its proximity to the marginal sea-ice 

zone often results in a robust primary biological production (Sakshaug and Skjoldal, 1989; 

Falk-Petersen et al., 2000). 

The southward advection of AW into the adjacent Hinlopen Strait may have been generated by 

intense wind-induced upwelling events at the northern Svalbard shelf like has been reported 

from the western Spitsbergen shelf today (Cottier et al., 2007). Lind and Ingvaldsen. (2012) 

reported that prevalent easterlies north of Svalbard support the upwelling of AW onto the 

northern shelf. This would enable a strengthened AW inflow into the Hinlopen Strait. 

Contrastingly, the greater influence of AW along the western coast of Svalbard renders the 

waters in Kongsfjorden and Bellsund Trough largely ice-free, with only the innermost parts of 

the fjord experiencing frequent winter sea-ice cover (Svendsen et al., 2002; Cottier et al., 2007, 

2010; Gerland and Renner, 2007). Given their proximity to tidewater glaciers, these locations 

are subject to higher sediment loads due to iceberg discharge and meltwater. They are also 

sporadically affected by colder and fresher Arctic Water (ArW) from the northward-drifting 

Coastal Current (CC) along the west coast of Spitsbergen (Fig 24). The CC is a continuation of 
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the Sørkapp Current (SC) which wraps around the southern tip of Spitsbergen (Fig 24). Despite 

the SC and CC being extensions of the East Spitsbergen Current (ESC), transporting ArW from 

the Arctic Ocean into the Barents Sea, the CC exhibits a broader range of salinities due to its 

interaction with water masses from fjords along the western coast of Spitsbergen (Cottier et al., 

2007). 

While the WSC traces the shelf slope, the CC navigates the banks and troughs on the shelf (Fig 

24). The density disparity between these water masses impacts the formation and positioning 

of the Polar Front (Fig 24; Tverberg and Nøst, 2009). Yet, seasonal variations in frontal strength 

can permit AW to infiltrate the fjords of west Spitsbergen (Tverberg and Nøst, 2009). The Franz 

Victoria and Kvitøya are also influenced by subsurface inflow of Atlantic Water (Fig 24). 

The conditions along the northern Barents Sea shelf east of Svalbard are in stark contrast to 

those on the western side, owing to the cold and low-salinity Arctic surface water that flows 

southwards out of the Arctic Ocean (ESC). The ESC passes the southern tip of Spitsbergen (Fig 

24) and continues towards the north as a coastal current. The warm Atlantic Water keeps the 

western area of Svalbard free of sea ice year-round, while sea ice is regularly formed north, 

south and east of Svalbard, close to the coast and in the fjords of western Spitsbergen, where 

the cold Arctic Water predominates. Today, Atlantic Water passes through the Barents Sea and, 

after mixing and heat loss, it continues into the St. Anna Trough (Schauer et al., 2002). 

 

6.2.1 Comparison of sedimentation rates in a regional context 

In the age-model section of the thesis, the sedimentation rates observed in core HH15-1280-

GC from Hinlopen Strait are compared with those from other cores (Fig 25), including NP94-

51 from Hinlopen Trough, JM02-440 from Bellsund, and NP05-11-21 from Kongsfjorden. The 

location of core HH15-1280-GC is situated further south and inside the Hinlopen Strait, while 

core NP94-51 is from the shelf in Hinlopen Trough (Koç et al., 2003). The difference in latitude 

between these two cores suggests that they are located within distinct oceanographic and 

climatic settings, which may influence the observed sedimentation rates. 

During the late Holocene, specifically the last 1000 yr. BP, core HH15-1280-GC exhibits 

sedimentation rates similar to those observed in core JM02-440 from Bellsund Trough 

(Ślubowska et al., 2007). Both Bellsund and Kongsfjorden are strongly influenced by Atlantic 
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Water at the surface (Nilsen et al., 2008; Skogseth et al., 2008). The inflow of Atlantic Water 

affects the local oceanographic conditions, such as temperature and salinity, and contributes to 

the similarities between these cores. These similarities suggest comparable environmental 

conditions and sedimentary processes, including reduced glacial influence, as well as similar 

sediment supplies and oceanographic conditions. 

The core site in the Hinlopen Strait, which is predominantly under the influence of the ESC 

(Mangerud et al., 2002), exhibits higher sedimentation rates compared to the core sites in the 

western part of Svalbard, influenced by the stronger WSC (Aagaard et al., 1987).  

The disparity in sedimentation rates might be a result of various environmental and geological 

factors. Firstly, increased melting due to warmer temperatures could be driving up 

sedimentation rates, as the process facilitates greater transport of sediment into the ocean. 

Secondly, there could be a higher prevalence of sediment-laden sea ice or icebergs in the region, 

which upon melting, deposit their sediment load into the ocean, thus increasing sedimentation 

rates. The role of fjords and glaciers as sources of sediment must also be considered. 

 

Figure 25: Age-depth models for cores HH15-1280 GC (Hinlopen Strait), NP94-51 (Hinlopen Trough), JM02-440 
(Bellsund), and NP05-11-21 (Kongsfjorden) from the Svalbard area. The plot highlights the differences in 
sedimentation rates among the cores, with HH15-1280-GC exhibiting a higher rate compared to the others.  
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6.2.2 Ocean currents and benthic foraminiferal assemblages in the north Barents 
Sea and Svalbard area during the Holocene 

This section examines the intriguing interplay between ocean currents and benthic foraminiferal 

assemblages in the Barents Sea and Svalbard area throughout the Holocene. The ESC and WSC 

present as significant forces shaping foraminiferal distribution and abundance in response to 

changes in water mass properties and circulation dynamics. 

For a visual exploration of these changes, refer to figures 29 and 30, which showcase the 

distribution of dominant benthic foraminifera faunas, and figures 26, 27, and 28, which present 

the three dominant species in core HH15-1280-GC. Comparison with cores from the Hinlopen 

Trough (NP94-51; Ślubowska et al., 2005), the Bellsund Trough (JM02-440; Ślubowska-

Woldengen et al., 2007), Kongsfjorden (NP05-11-21; Skirbekk et al., 2010), Kvitøya (NP05- 

71GC; Kristensen et al., 2013) and Franz Josef Land (ASV 880; Duplessy et al., 2001; Hald et 

al., 2004) allows a broader understanding of how these currents shape benthic foraminiferal 

distribution (Ślubowska-Woldengen et al., 2008). 

The onset of the mid-Holocene (c. 7300 cal yr. BP) reveals a fascinating shift. The slow increase 

of E. excavatum in the Hinlopen Strait and its rapid rise at other sites are mirrored in records 

from the entire Svalbard and north Barents Sea region (Duplessy et al., 2001; Hald et al., 2004; 

Ślubowska -Woldengen et al., 2007; Skirbekk et al., 2010; Rasmussen et al., 2012; Kristensen 

et al., 2013). This trend likely indicates a regional hydrographic shift affecting all locations at 

the north (western) Barents Sea margin, possibly triggered by a weakening of the AMOC at c. 

7000 cal yr. BP (Solignac et al., 2004). Sarnthein et al. (2003) documented a sub sea-surface 

temperature drop of ~3 °C at the western Barents slope at around 7700 cal yr. BP, which was 

probably linked to a weakening of the WSC (Fig 26). 

Post 7700 cal yr. BP, a parallel decrease of N. labradorica is observed across all studies around 

Svalbard, suggesting retreating oceanic fronts and/or a diminishing influence of AW, along 

with a related productivity drop (Ślubowska et al., 2005; Rasmussen et al., 2012). Only at the 

easternmost site (Hinlopen Strait and Franz Josef Land), percentages of N. labradorica (as well 

as Buccella spp) increased synchronously with percentages of E. excavatum. This has been 

linked to an approaching sea-ice edge and a related productivity increase (Duplessy et al., 2001; 

Kristensen et al., 2013). 
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Further, during the mid-late Holocene, there's a noted decrease in percentage of N. labradorica 

with some small peaks observed at 300 cal yr. BP for Kongsfjorden and Hinlopen Trough, 

indicating a possible retreat of the Polar Front to the core site in Hinlopen Strait. 

In all cores, the percentage of E. excavatum increases, indicating a deterioration of 

environmental conditions in all areas and over the Svalbard and north Barents Sea region. This 

significant climatic shift is observed through the simultaneous decline of Atlantic Water 

influence, and an increased glacial impact, indicating a colder environment (Skirbekk et al., 

2010). 

The specific distribution patterns of C. reniforme and E. excavatum, both of which are 

associated with the front of glaciers and termed 'ice-proximal' faunas (Hald and Korsun, 1997), 

provide crucial information about the environmental dynamics. It's interesting to observe that 

C. reniforme tends to dominate over E. excavatum in less stressed environments, where food 

supply is more abundant, and the glacial influence is reduced (Korsun and Hald, 1998). 

The early Holocene presents a distinct picture, with C. reniforme dominating in Bellsund 

Trough, Kongsfjorden, Kvitøya, Franz Viktoria Trough and Hinlopen Trough (Fig 27). 

Coupled with the absence of E. excavatum, low IRD flux, and high concentration of benthic 

foraminifera, these factors indicate a strong influence of Atlantic water masses at the core sites, 

pointing to a period of significant climatic improvement. After 6000 cal yr. BP the influence of 

Atlantic Water diminished, as inferred from the higher content of E. excavatum and a slight 

increase in ice-rafted debris (Fig 28). 

Fast forward to the late Holocene, and the scenario changes. In Kongsfjorden, we see E. 

excavatum increasing its dominance, a development that alongside an increased IRD flux and 

a noticeable decrease in productivity, paints a picture of a colder environment with a stronger 

glacial influence (Skirbekk et al., 2010). 

In the Hinlopen Strait, is seen an increase in the percentage of E. excavatum during the late 

Holocene at c. 2700 cal yr. BP and 1600 cal yr. BP. This increase correlates well with the lower 

abundance of planktic foraminifera, further reinforcing the notion of deteriorating 

environmental conditions. 
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Figure 26: Comparative distribution of N. Labradorica species in the Svalbard and north Barents Sea area. 

Hinlopen Strait (HH15-1280-GC; this study), Hinlopen Trough (NP94-51; Ślubowska et al., 2005), Bellsund 

Trough (JM02-440; Ślubowska-Woldengen et al., 2007), Kongsfjorden Trough (NP05-11-21; Skirbekk et al., 

2010), Kvitøya (NP05-71-GC; Kristensen et al., 2013) and Franz Victoria Trough (ASV 880; Duplessy et al., 

2005). Summer (sub) surface temperatures at the western Barents slope (23258; Sarnthein et al., 2003). 

Highlighted area marks timespan of faunal shift including the timing discrepancies between records. 
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Figure 27: Comparative distribution of C. reniforme species in the Svalbard and north Barents Sea area. Hinlopen 

Strait (HH15-1280-GC; this study), Hinlopen Trough (NP94-51; Ślubowska et al., 2005), Bellsund Trough (JM02-

440; Ślubowska-Woldengen et al., 2007), Kongsfjorden Trough (NP05-11-21; Skirbekk et al., 2010), Kvitøya 

(NP05-71-GC; Kristensen et al., 2013) and Franz Victoria Trough (ASV 880; Duplessy et al., 2005). Summer 

(sub) surface temperatures at the western Barents slope (23258; Sarnthein et al., 2003). Highlighted area marks 

timespan of faunal shift including the timing discrepancies between records. 
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Figure 28: Comparative distribution of E. excavatum species in the Svalbard and north Barents Sea area. Hinlopen 

Strait (HH15-1280-GC; this study), Hinlopen Trough (NP94-51; Ślubowska et al., 2005), Bellsund Trough (JM02-

440; Ślubowska-Woldengen et al., 2007), Kongsfjorden Trough (NP05-11-21; Skirbekk et al., 2010), Kvitøya 

(NP05-71-GC; Kristensen et al., 2013) and Franz Victoria Trough (ASV 880; Duplessy et al., 2005). Summer 

(sub) surface temperatures at the western Barents slope (23258; Sarnthein et al., 2003). Highlighted area marks 

timespan of faunal shift including the timing discrepancies between records. 
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Figures 29 and 30 take a closer look at the mid-Holocene (7000-5000 cal yr. BP) and late 

Holocene (4000-2000 cal yr. BP) periods in the Svalbard region, focusing on the shifts in ocean 

currents and their influence on benthic foraminiferal assemblages. The mid-Holocene period 

(7000-5000 cal yr. BP) shows an initial amplification of the ESC and its branches in the 

Svalbard region. This is represented by an increase in cold-water species, such as C. reniforme, 

suggesting a stronger presence of colder Atlantic waters (Ślubowska-Woldengen et al., 2008). 

However, towards 5000 cal yr. BP, a decrease in these species hints at a diminishing ESC 

influence, possibly making way for warmer AW carried by the WSC to permeate deeper into 

the study area. 

Conversely, during this time, the WSC demonstrates a reduced influence at the start but 

strengthens over the period. The increasing frequency of M. barleeanus, a species associated 

with warmer water masses, implies a gradual rise in the WSC's influence (Ślubowska-

Woldengen et al., 2008). These trends are corroborated by studies such as Rasmussen et al. 

(2014) and Sztybor and Rasmussen. (2017), which report similar shifts in the Svalbard region's 

oceanographic conditions and benthic foraminiferal assemblages. 

The late Holocene period (4000-2000 cal yr. BP) shows an amplified influence of the ESC 

compared to the mid-Holocene. This is denoted by a higher prevalence of cold-water species 

like I. norcrossi, indicative of an increased sea-ice presence (Ślubowska-Woldengen et al., 

2008). A surge in E. excavatum until approximately 3000 cal yr. BP further suggests a regional 

cooling of the Atlantic Water in the Nordic Seas, as supported by various marine records 

(Eiriksson et al., 2006; Jennings et al., 2002; Knudsen et al., 2004; Hald et al., 2004; Duplessy 

et al., 2001). 
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Figure 29: Benthic foraminiferal assemblages in the Svalbard region influenced by the East Spitsbergen Current 

(ESC) and West Spitsbergen Current (WSC) during the mid-Holocene (7000-5000 cal years BP). 
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Figure 30: Benthic foraminiferal assemblages in the Svalbard region influenced by the East Spitsbergen Current 

(ESC) and West Spitsbergen Current (WSC) during the late Holocene (4000-2000 cal years BP). 

 

6.2.3 Comparison of δ18O records between core HH15-1280-GC (Hinlopen Strait) 
and cores from Svalbard  

The δ18O records of core HH15-1280-GC from the Hinlopen Strait, core NP94-51 from the 

Hinlopen Trough (Ślubowska et al.,2005), JM02-440 from Bellsund Trough (Ślubowska-

Woldengen et al., 2007) and NP05-11-21 from Kongsfjorden (Skirbekk et al., 2010), 

beautifully align in a comparative illustration presented in figure 31. 

Notably, the Hinlopen Strait values generally supersede those from the Hinlopen Trough, 

Bellsund Trough, and Kongsfjorden until about 3000 cal yr. BP. Thereafter, they show a 

convergence, especially with Kongsfjorden. The differences between these sites may stem from 

variations in the measured foraminiferal species (N. labradorica for Hinlopen Strait and M. 
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barleeanus for other sites), species-specific isotopic fractionation, or the differing rates of sea-

ice melting and freshwater release in regions characterized by perennial pack ice (Łącka et al., 

2015). Moreover, the lower values from the Hinlopen Trough could hint at the influence of the 

warm North Svalbard Branch current on the core site (Ślubowska-Woldengen et al., 2008). 

Interestingly, the Hinlopen Strait exhibits a warmer late Holocene compared to the other sites, 

likely due to strong stratification. This closeness of values further enhances our understanding 

of the region's climatic history. 

Key periods of climate change are detected across the cores. A sharp decrease in δ18O event is 

discernible in the mid Holocene (7000-6600 cal yr. BP) for Hinlopen Strait, Kongsfjorden, and 

Bellsund Trough, albeit less pronounced in the Hinlopen Trough. A warming event, particularly 

sharp in the Kongsfjorden site, emerges between 6600-5600 cal yr. BP across all sites. In figure 

32, a cooling event around 7000-6000 cal yr. BP is visible in summer surface temperature 

records from the north-west and south-west Barents Sea. As is depicted in figure 32 the cooling 

event is smaller in southern records which can be due to reduced insolation from north to south. 

The mid-Holocene cooling observed in the Barents Sea and Svalbard is also recorded and 

reported by Birks and Koç. (2002) at lower latitude on the Vøring Plateau (Fig 32), where an 

SST reconstruction exhibits also a gentle cooling trend between 6700 and 4700 cal yr. BP. The 

diatom record of Birks and Koç. (2002) also shows that at the same time, the assemblage 

associated with the North Atlantic Water decreased, whereas that of Norwegian-Atlantic Water 

began to increase continuously for 2000 years. This trend is similar to the small warming 

depicted by the δ18O/temperature records of N. pachyderma in the north Barents Sea core (ASV 

880; Duplessy et al., 2005). This observation suggests that the broad intense warm Atlantic 

current, which fed directly the Nordic seas during the thermal optimum (Koç et al., 1993), was 

suddenly reduced by 6700 cal yr. BP and did not reach any more the Barents Sea anymore. 

An anomalous localized elevation in δ18O values is noted in the Hinlopen Strait during the time 

span of 4600-4200 cal yr. BP. Concurrently, a decreasing trend in δ18O values is seen in other 

locations, while sea surface temperature (SST) and bottom water temperature (BWT) records 

from the Barents Sea and Svalbard indicate an increase in temperature. This unique pattern 

observed in the Hinlopen Strait might potentially be ascribed to an enhanced influx of meltwater 

originating from sea ice or glaciers in the vicinity. 
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In the Nordic Seas and western Norwegian margin between 2800 and 2600 cal yr. BP the 

strongest Holocene solar irradiance minimum occurred (Renssen et al., 2012; Vonmoos et al., 

2006) that this event is visible in our data around 3100 cal yr. BP. 

After 3000 cal yr. BP the water column in Svalbard and Barents Sea became more stratified 

and the deep convection and inflow of AW did not recover. After 2000 cal yr. BP inflow of the 

AW enhanced into the core sites despite the orbitally forced cooling of the surface water (Calvo 

et al., 2002), it led to a subsurface warming. The warming can be observed in records from 

across the entire region (Andersen et al., 2004; Giraudeau et al., 2010; Hald et al., 2007; 

Risebrobakken et al., 2011; Werner et al., 2013). 

The Roman Warm Period is detected across all cores at 2200-1800 cal yr. BP. This warm period 

is depicted as two M-shaped excursions which also is known from the North GRIP ice core 

from northern central Greenland inland ice (Johansen et al., 2001), from core MD95-

2011(Vøring Plateau; Risebrobakken et al., 2003; Andersson et al., 2003) and core 23258 (NW 

Barents Sea margin; Sarnthein et al., 2003). This event is also marked by low IRD content in 

Bellsund (Ślubowska-Woldengen et al. 2007) and Hinlopen Strait (Fig 33). 

A striking increase in δ18O values between 1400 and 1000 cal yr. BP in Hinlopen Strait and 

Kongsfjorden cores coincides with high amounts of IRD content (Fig 33) content and I. 

helenae/norcrossi, indicating an escalation in iceberg activity and ice activity - this is in 

alignment with the Dark Age Cold Period (DACP) event. Interestingly, the same event occurs 

earlier in Hinlopen Trough and Bellsund Trough (2000-1800 cal yr. BP). Deposition of IRD 

increased gradually through the period 1400-1000 cal yr. BP as the surface water became colder 

during summers (Hald et al., 2007; Risebrobakken et al., 2011) (Fig 32), indicating that 

transported sea ice reached the site before melting, possibly because of the colder summer 

surface water (Fig 33). 

A decline in δ18O levels from 800 to 400 cal yr. BP across all cores is consistent with the 

Medieval Warm Period (MWP), characterized by warmer temperatures and the presence of 

Atlantic Water in the Arctic Ocean. This event is well pronounced in SST record from core 

23258 (NW Barents Sea margin; Risebrobakken et al., 2010) and PSh-5159N (SW Barents Sea; 

Risebrobakken et al., 2011). 

Finally, the Little Ice Age (LIA), which was centered around 300 cal yr. BP, marked a phase of 

cooling and glacier expansion in the Northern Hemisphere (Nesje et al., 2008). This event took 
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place when reduced summer insolation coincided with periods of minimal solar activity. 

Evidence of the LIA is observable in all core samples, as indicated by a decrease in δ18O values 

(Fig 31) and lower SST in Barents Sea cores (Fig 32). The LIA, dated at 300 cal yr. BP in both 

Hinlopen Strait and Kongsfjorden cores, corresponds with increased IRD content particularly 

in Kongsfjorden core (Fig 33). Additionally, the presence of I. helenae/norcrossi suggests an 

increase in iceberg and ice activity. 

The observed variations in δ18O values between the cores could be a product of a myriad of 

factors, including varying influences of AW and ArW, atmospheric circulation patterns, and 

iceberg presence (Ślubowska-Woldengen et al., 2007; Rasmussen et al., 2014). 

Mayewski et al. (2004) conducted an exhaustive study of over fifty paleoclimatic records from 

diverse global locations. Their findings delineated six significant periods of abrupt climate 

alterations occurring during the intervals 9000-8000, 6000-5000, 4200-3800, 3500-2500, 1200-

1000, and 600-150 cal yr. BP. The majority of these climate perturbations, as derived from the 

globally distributed data, were marked by a pattern of intensified polar cooling, increased 

tropical aridity, and substantial shifts in atmospheric circulation dynamics. 

Contrarily, the cooling episode identified around 6600 cal yr. BP in the present study does not 

appear to correlate directly with the global phenomena as characterized by Mayewski et al. 

(2004). This suggests that the observed cooling event may be of a more local/regional character, 

potentially limited to the Svalbard margin and the Barents Sea area. This observation 

underscores the intricate and heterogeneous nature of climatic changes, manifesting variability 

across global and regional scales. 
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Figure 31: Comparison of δ18O records from core HH15-1280-GC in the Hinlopen Strait (blue and red lines) and 
core NP94-51 from the Hinlopen Trough (black line) (Ślubowska et al., 2005), NP05-11-21 from Kongsfjorden 
(yellow line) (Skirbekk et al., 2010) and JM02-440 from Bellsund Trough (green line) (Ślubowska-Woldengen et 
al., 2007). 
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Figure 32: Reconstructed Sea surface summer temperature (SST-ML) based on a planktonic foraminiferal transfer 
function using the maximum likelihood statistical method in the sediment cores on the Norwegian-Barents Sea- 
Svalbard margin by Hald et al. (2007), alkenone SST from south-west Barents Sea (Risebrobakken et al., 2010) 
and bottom water temperature (BWT) based on δ18O benthic foraminifera from Hinlopen Strait (this study) and 
Kongsfjorden (Rasmussen et al., 2014). 
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Figure 33:  Flux of IRD between the Hinlopen Strait core (HH15-1280-GC), represented by the red line, and the 
Bellsund core (JM02-440), represented by the black line. It also includes an alkenone-based Sea Surface 
Temperature (SST; Risebrobakken et al., 2011) from the SW Barents Sea, and planktonic SST from the NW 
Barents Sea (Hald et al., 2007). The highlighted periods illustrate the Roman Warm Period (RWP), Dark Ages 
Cold Period (DACP), and the Medieval Warm Period (MWP). 

 

6.2.4 Holocene Sortable Silt Comparison: South-West Spitsbergen vs. Hinlopen 
Strait/Northern Svalbard 

The first sortable silt (SS) study from the Hinlopen Strait was compared to an SS study 

conducted on a core from the south-west Spitsbergen region outer continental shelf (76°53.660 

N, 14°41.170 E) at 148 m water depth (Sternal et al., 2014). The choice of this core was based 

on the fact that both study areas are influenced by the ESC and WSC. The two studies revealed 

a similar trend, particularly in the late and mid Holocene (Fig 34). However, SSmean values in 

the south-west Spitsbergen region were higher than those observed in the Hinlopen Strait, 

suggesting stronger near-bottom current speeds. This difference in SS values and current 

strength was more pronounced during the early Holocene. The higher SS% values and stronger 
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currents off south-west Spitsbergen during the early Holocene period may also reflect regional 

differences in oceanographic and climatic conditions at the time (Mangerud et al., 2004), as 

compared to the conditions in the Hinlopen Strait and Northern Svalbard. 

For example, the south-west Spitsbergen region experienced a more rapid retreat of sea ice 

during the Early Holocene (Ślubowska-Woldengen et al., 2008), while the Hinlopen Strait and 

Northern Svalbard had a more gradual reduction in sea-ice cover (Rasmussen et al., 2014). The 

presence of less sea ice in south-west Spitsbergen could have led to enhanced wind-driven 

mixing and circulation (Polyak et al., 2010), which in turn could have increased the near-bottom 

current speeds and the corresponding SS values in south-west Spitsbergen, relative to the 

Hinlopen Strait and Northern Svalbard. 

 

Furthermore, differences in freshwater input from meltwater could also play a role in the 

observed differences in SS values between the two regions. The south-west Spitsbergen region 

likely experienced a greater influx of meltwater from the retreating ice sheets during the Early 

Holocene (Bauch et al., 2001), while the Hinlopen Strait and Northern Svalbard had 

comparatively lower meltwater inputs (Rasmussen et al., 2014). This difference in meltwater 

input could have created stronger buoyancy-driven circulation in the south-west Spitsbergen 

region, leading to higher SS values compared to the Hinlopen Strait and Northern Svalbard. 

Lastly, variations in ocean circulation patterns could have contributed to the observed 

differences in SS values between the two regions. During the early Holocene, the south-west 

Spitsbergen region experienced a stronger influence of AW due to the northward shift of the 

Subpolar Front. In contrast, the Hinlopen Strait and Northern Svalbard were under the influence 

of the ESC and had a reduced AW influence during the same period (Cottier et al., 2010; 

Rasmussen et al., 2014). The inflow of warmer and saltier AW in the south-west Spitsbergen 

region might have resulted in more vigorous circulation, leading to higher SS values compared 

to the Hinlopen Strait and Northern Svalbard, where the ESC-driven circulation was relatively 

weaker. 
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Figure 34: A comparison of sortable silt (SS) data from the first study in the Hinlopen Strait (blue line) with SS 
data from the south-west Spitsbergen region (Sternal et al., 2014) (black line). 
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7.  Summary and Conclusions 

The sediment core HH15-1280-GC retrieved in the Hinlopen Strait, northern Svalbard, has been 

investigated to reconstruct the climatic evolution and ocean circulation during the early-late 

Holocene covering the last 8000 years. Climatic changes occurring on the western and northern 

margins of Svalbard may affect the whole Artic, making it a particularly interesting area of 

study. 

 

• The depositional environment during the Holocene was strongly dominated by rapid 

sediment rainout from the water column and occasional deposition of Ice-rafted debris 

(IRD) from icebergs or sea ice in a relatively weak ocean current regime in an ice-distal 

environment. 

 

• At c. 7700 calibrated years Before Present (cal yr. BP) a rapid hydrographic shift is 

reflected in the foraminiferal fauna: Arctic Water (ArW) replaced the dominant 

influence of Atlantic Water (AW) possibly triggered by a weakened Atlantic Meridional 

Overturning Circulation (AMOC). 

 

• The mid-Holocene is characterized by several cooling events, where inflow of ArW of 

the East Spitsbergen Current (ESC) influences the sea surface. 

 

• The mid-Holocene (7300-4000 cal yr. BP) represents a transition period with generally 

relative stable environmental conditions. Increasing deposition of IRD indicates sea ice 

and icebergs arriving at the core site and is probably related to decrease in sea surface 

temperature. Planktic foraminiferal data show increasing abundances in this period. The 

dominant benthic species Cassidulina neoteretis and Melonis barleeanus which are 

linked to chilled AW and indicate continuous inflow of AW. 
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• At c. 6600 cal yr. BP, the advection of AW decreased rapidly. This was probably related 

to the intensification of the ESC, resulting increased inflow of Polar Water (PW) and 

subduction of AW under ArW as well as enhanced cooling and sea-ice delivery from 

the Arctic. 

 

• A deterioration of the environment with decreased salinities due to reduced inflow of 

Atlantic Water and a stronger dominance of Arctic Waters, reflected by increased 

abundance of E. excavatum and a reduction of C. reniforme, characterized the late 

Holocene (c. 4000 cal yr. BP). 

 

• The reconstruction of current strength based on the SS proxy suggests that during 5600-

5100 cal yr. BP as well as 2800-2200 cal yr. BP, near-bottom currents were at their 

strongest. In contrast, the periods between 6600-5500 and 700-400 cal yr. BP are 

marked by the slowest currents. 

 

• In the late Holocene climatic conditions became cooler. The dominant benthic species 

I. helenae/norcrossi indicate cooling of the bottom water. The decreasing trend in 

temperature continues during the late Holocene and the influence of Atlantic Water in 

the area diminished further. 

 

• An extended sea ice cover probably caused a decoupling of atmospheric and 

hydrographic conditions during the late Holocene (c. 3200 to present): while glaciers 

probably expanded due to the decreased summer insolation and resulting colder 

atmospheric temperatures, bottom waters warmed, possibly as a result of the stronger 

water stratification. 

 

• The data from Hinlopen Strait generally display regional changes that are correlative 

with studies from the Svalbard-Barents Sea area and eastern Nordic Seas. It suggests 
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that an east-west climatic gradient, similar to today, existed between eastern and 

western Svalbard, the eastern Nordic Seas and the northern Barents Sea in the early-

mid Holocene. 
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Table 1: Sedimentological characterization data 
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Table 2: Grain size data 
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Table 3: IRD and flux of IRD data 
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Table 4: δ18O data and δ18O values after ice volume corrected, bottom water temperature (BWT), and δ13C 
values.
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Table 5: The sortable silt parameters data. 
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