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Abstract

One gracitycore NP0311t49GC was retrieved from a 320 m water depth in the central part
of Erik Eriksen Strait, south of Nordaustlandet, northwestern Barents Sea. The core was
investigated for benthic foraminiferal distributionpatterns stable isotopes ah
sedimenblogical parameters in order teeconstruct the Late Weichselian deglaciation and
Holocene paleoenvironment and paleoceanography of the Erik Eriksen Strait. Two additional
cores, NP0O511 t84GC2 from southwestern Erik Eriksen Strait and NPD&1GC2 from th
southern head of the Kvitgya Trough, were investigated for sedliohegical paramegrs. The
results show that the deglaciation of the Erik Eriksen Strait and Kvitgya Trough was rapid and
commenced at 1400 cal. yr BP. This resulted in the depositiolbo$e diamicts due to heavy
rainout of IRD from released icebergs of the retreating SvaiBarents Sea Ice Sheet (SBIS).
Continued melting of the SBtisiring theBgllingt Allerad interstadiad between14 100 and
12700 cal. yr BP occurred throughthe release of sedimentaden meltwater plumes
resulting in deposition of laminated sedimentbslarsh glaciomarine conditions with
increased sea ice cover characterizethe Younger Dryas cooling700 11 950 cal. yr

BP). Occasional ice rafting shows that the E&rEriksen Strait also experienced periods

with seasonally open waters during the cooling. The transition to the Early Holocene
warming happened in two steps betweeri1 960 11290 and11 020 10 750 cal yr. BR
interrupted by the Pre-Boreal Oscillation. The glacicisostatically suppressed sea floor
caused an overdeepening of the area and a deeper paleo sea levelto8g inflow of
subsurface Atlantic water caused ammelioration of the environmental conditions and

very high biological activity. A relatively cool Early Holocene Climatic Optimum
characterized the foraminiferal fauna of the Erik Eriksen Strait, whicheflected that the
eastwest climatic gradient observed today also existed in the Early Holocengn abrupt
cooling, along with a decrease ofadinity showeda weakening of the Atlantic water inflow

at 8300 cal. yr BP until7600 cal. yr BP. Thereafter, a deterioration of the environment
occurred with a stronger dominance of Arctic waters and increased ice raftinghe study

show that the highisostatically rebound of the areahave affectedthe inflow of Atlantic

water to the northwestern Barents Sea cornerand must be considered when
reconstructing the areaspaleooceanographyThe data from Erik Eriksen Strait generally

display regional changes that are correlative with studies from the SvalbasBarents Sea



area. It suggeststhat an eastwest climatic gradient, similar to today, existed between

easternand western Svalbard inthe Early Holocene.
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1. Introduction

1. Introduction

This M. Sthesis was carried out at the Department of Geologyhat University of Tromsg,
The Artic University of Norway, from August 2014 lane2016 Three gravity cores along
with acoustic data from the Erik Eriksen Strand Kvitgya TroughEasern Svalbardwas
analyzedand describedThe main objectivesf thisthesis ido take use of marine geological
biological, physical and sedimentologipabxies to
1. describe and interprethe benthicforaminiferal assemblagesedimentary processes
and sea floor morphologgharacterizing tke studied area
2. reconstructthe Late Weichselian deglaciation and Holocgadéeoenvironment and
paleooceanography
3. relate the results to andliscusgshe causes and ratef climatic and ocean @ulation

changes in thé&rik Eriksentf&it and Kvitgya Trough

Themarine and terrestrial record of Eastern Svalbarddarceand little studieddue to an
extensive sea ice covprohibiting acces® the areg andageneral remote locatio(Slheim,
1991) Theshortageof highresolution data andvell-datedrecords makes this an interesting
area to stug to geta better understanding dhe glacial activity and paleoenvironment during
the Late Weichseliaglacial and Holocene interglacigristensenet al., 2013).The lack of
larger landmasses in the area, givke sea floor and the marine recoeth important role in

the goalto acquire this understanding (Dowdeswell et al., 2010).

A strait is a narrow wateway that connects larger bodie$ water. During the last glacial, the
northwestern corner of theSvalbareBarents Sea Ice shesbveredthe Erik Eriksen Stragnd
Kvitgya TroughThe straitand the troughfunctioned as a transportation pattay for ice
towards the shelf edge (Dowdeswell al., 2010; Hogan et al., 20HDb, Kristensenet al.,
2013. Erik Eriksen Straitnd Kvitgya Trougis located close to the northwestern edge of the
previousice $eet (Figure 1.1)The Kvitgya Trough is the northeast continuation of the Erik
Eriksen Sait, separated by a shallow sillhe larger St. Annaand Franz Victoridroughsare

situatedfurther northeast. Hencghe sea floor morphologgnd lithostratigraphyof the study

1



1. Introduction

areaisindicative of the grade of glacier tranggation confined tothe strait and trough and

the glacial and sedimentary procesdeking place during this transporthis carbe set in
conjunctionand comparedto other studies fromthe nearby troughgHald et al., 1999;
Duplessey et al., 2001, Hogan et al., 2010 aribteRsenet al., 2013).

Thestudy areagproximal locatiornto the edge of thormer ice sheetpermits a possibility to

find the position and extentof the ice sheet margin during the last glacial maximum and
deglaciation. Anice dome of the SvalbardBarerts Sea Icel&et has been discussed be
located in the study areduring the last glaciallhe high isostatic rebound of Kong Karls L.and
south of Erik Eriksen Straindicaesan ice domecentered over the archipelag&®alvigsen et

al., 1981; 1995jngolfsson et al., 1995Landvik et al., 1998 orman et al., 1995; 2004).
However, new studies of the seafloor suggest a location of the dome further northwest in the
southern part of the Hinlopen strait. The absence of landmasses in the area makes the exact

pinpointing of the location of the dome difficult (Dowdeswell et al., 2010; Hogan et al., 2010Db).

The heat transport to the Svalbard region is very sensitive to changes in both air masses and
ocean currents and circulation (Isaksson et al., 2005). Clsandbeseparametershave been
the driving factos behindclimatic variations, and hence theiildupand decay of glaciers and
the distribution of water masses surrounding the archipelagobowskaWoldengen et &,
2005; 2008Schlichtholz & Goszczkd)@). The buildup and decline of the Svalbard Barents
Sea Ice Sheet during the last glacial maximum changed the oceanographic $&steEn
Svalbard is at presemharacterized by Arctic surfageaters while the western side is more
affected by warm #antic water (Gammelsrgd et al., 200@hanges in thdistribution of cold
and warm surface currenaffectthe extent of glaciersrad ice caps (ubowskaWoldengen
et al., 2007; Kstensenet al., 2013)A study of the Eastern Svalbard rec@dmportant to get
an understanding of theelations between glacier growthchanges in ocean circulation and
the climate variabilityin the past.Thiswill give an improved knowledge of the growth and
decay of the ice sheet during the last deglaciation in relation with ocean circulatiste(isen

et al., 2013).
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Figure 1.1:0verview map of the Arctic regiomith Svalbard and the study aragithin black lox in
right corner. Retrieved cores from Erik Eriksen Strait and Kvitgya Trough are marked by black dots

Several glaciations have led to an ice sheet buichcross the Svalbard &ipelago and the
Barents Sea (Mangerud et al., 1992; Elverhgi et al., 1995; Andersen et al., 1996; Mangerud et
al., 1998). Advances and retreats of the ice sheet over the la80B80Q/ears is connected to

the flow of Atlantic and Polar water over the S\ah margin (Jessen et al., 2010).

Duringthe Late Weichselian glaciatiamd isotope stage 2he SvalbareBarents Sea Ice sheet
(SBIS) covered Svalbard and reached out to the continental shelf west and north of Svalbard
and acros the Barents Sea (Mangerud et al., 1992; Elverhgi et al., 1995; Andersen et al., 1996;
Mangerud et al.1998; Kleiber et al., 2000). Late Weicselian glaciomarine de@wsifsund

over most of theseafloorof the Barents Sea (Landvik et al., 1998). latbstmodelling suggest

a 2000 t 3000 m thick ice sheet andraajor ice dome with a center of poeglacial uplift
located on southern Hinlopen Strait, easternmost Spitsbergebetween Nordaustlandet

and Kong Karls LanBigure 12; Ingolfsson et al., 199%alvigsen et al1995; Landvik et al.,
1998; Dowedeswell et al., 2010).
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The SvalbareBarents Sea ice sheet was characterized by ice masses segmented into faster
flowing ice streams separated by slower flowing ice during the Last Glacial Maximum (LGM
23000 to 17 00&d. yrBR calendar years before presertandviket al, 2005; Ottesen et al.,
2005; Ottesen & Dowdeswel009; Jessen et al., 2010). The slower flowing areas, referred to
as interice stream areas, were fed by a much smallersiceet dainage basin compared to

the faster flowing ice streams (Ottesen & Dowdeswell, 2009).

Fasterflowing ice streams haveesulted in majorttroughs forming off thefjord systems like

Is, Kongs Van Keuland Van Mijenfjorden aftethe deglaciationof Spitdergen (Landvik et

al., 1998, 2005; Ottesen & Dowdeswell, 2009). Sedimentation during the LGM was restricted
to submarine trough mouth fans located at the end of fadtewing ice streams at the shelf
edge (Andersen et al., 1996, Landvik et al., 19984<@ti et al., 2005). The inflow of Atlantic
water to the region was relatively weak during the late glacial, conditions were cold and the
deposition of Ice Rafted Debris (IRD) were widespreaddwskaWoldengenet al., 2008;
Jessen et al., 2010)

A distirct ice rafted debs pulse, dated to c. 1800 cal. yiBP in the Franz Victoria Through,
reveal the timing of the disintegration of the northern Svalbard Barents Sea Ice Sheet (Kleiber
et al, 2000). The deglaciation and retreat of the Svalb#Bérents Seace sheet started
around c. 20 50@al yr BP through massive iceberg discharge and calving within the deeper
troughs in the Barents Sea (Andersen etE)96; Landvik et gl1998; Jessen et.aR010). In
addition, large amounts of melt watexere released during the retreat which cooled the
surface waters and led to a widespread formation of-gsm The retreat was characterized by
several halts and radvances that lead tan erosion of shelf banks (Elverhgi et al., 1995;

Andersen et al., 1996; Lan#\et al., 1998; Mangerud et al., 1998).
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Figure 12: Reconstruction of iceheet drainage pattern and location of Svalbard Barents Sea Ice
Sheet domes between Franz Josef Land and Svalbard. Arrows display ice flow. Dotted lines show
position of ice domse and ice crest. FYFrans Victoria Trough, KRvitgya Trough, HHinlopen

Trough, STStorfjorden Trough, BiBear Island Troug@iFrromDowdeswell., 2010)

BallingtAllerad (14 500t 13 500 cal. yBP)is atime that isrecordedas warm interstades in

the Greenland ice cores (Rasmussen et al., 2007). The period was characterized by a relatively
strong inflow of Atlantic Water, however still assubsurface laydFigure 14). Thisrelatively

warm period resulted in a rapid ice et retreat into the fjords(Figure 13) with turbid
meltwater plumes causing a high sedimentation radad the deposition of laminated fine

clays (Rasmussen et al., 200libowska Woldengenet al., 2008; Jessen et al., 2010). Low
amounts of IRD in th®arents Sea and Nordic Seas is recorded for the Bililgad

( lubowska Woldengenret al., 2008).
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Figure 13: (A) Reconstrucion of the Svalbard regicemargin extent during the early Deglaciation (c.
15000 cal. yr BPB}j Reconstruction of icenargn extent during the early Bglling (c. @@0 cal. yr BP).
Red dots mark the position of cores and obtained data in various studied for the reconstruction.
1- Kristensen et al. (2013); Rubinski et al. (2001)-&og et al(2002), lubowskaWoldergen et al.
(2007), 4 lubowskaWoldegen et al. (2007); BagaardSgrensen et al. (2010); Hogan et al(2010a),

8- Rither et al. (2012From Kristensen et al., 2013).

The Younger Dryd¥D; 12 50011 500 cal. yBP), a periodssociated with cooling and glacial
advances at the end of the Late Weichselian glaciation, has been difficult to identify on
Svalbard (Mangerud & Landvik, 200lubowska Woldengenet al., 2008; Forwick & Vorren,
2009). In contrast to mainland Europe, gtxs on Spitsbergen were smaller during the
Younger Dryas compared thHeate Holocene cold event, the Little Ice A&tarvation of
precipitation may have resulted in a retarded or missing glaciatranceduring the Younger
Dryas(Mangerud & Landvik, 2F). Proof of reduced iceberg rafting and increasedisea
formation might be a reflection of this Younger Dryas cooling (Forwick & Vorren, 2009). A
record showing stable relative sea level oestern Spitsbergen during the Younger Dryas
indicates a renewd glacial loading, possibly only in the eastern part of Svalbard or the Barents
Sea (Forman et all987, Lehman & Forman, 1992).

The Younger Dryawas also characterized by a reduced inflow of Atlantic water as a
subsurface layer, which was fresher aradder compared to the Bglling\llerad interstades

(Figure 14; Rasmussen et al., 2007Aubowska Woldengenet al., 2008). Surface conditions
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at high latitudes were cold both prior to the period and after, which may cause it to be difficult

to detect (Rasmussen et al., 2007).

Flgure 1.4:Reconstruction of summeseapaleotemperature profes for the southeastern Svalbard
margin based on planktic and benthic foraminifera distribution along Wit® values and abundance
of IRDfor: aLast Glacial Maximum (LGM},Heinrich event H1,-BgllingtAllerad, d Younger Dryas,
e- Holocene Temperatre Optimum FromRasmussen et al., 2007).

The Holocene interglacial peridallowed the cooleryounger Dryag lubowskaet al.,2005).
Warm and saline Atlantic water reached the coast of Svalbard and the Barerds 8Sesice

sheet meled away which contributed to further melting of the remnants of the ice sheet.
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Increased solar insulation also contributed the higher temperatares melting (lubowska
Woldengn et al, 2007).

The Holocene is often divided into three intervals, the earyiddle and late Holocene time
intervals (lubowska et al., 2005;lubowskaWoldengen et al.2007;2008; Rasmussen et
al.,2007; 2012;2014). In this chapter, the dating of the different interimksken from
Rasmussen et a(2014).

The Younger Drydblolocene transition (1Z00 t 10500 ca. yr BP) was a twstep warming
divided by the Preboreal Oscillation (PB; 11 30Q 150 cal. yr BP)The Preboreal Oscillation
was a cool and humid event characterized by icadeances, increased precipitationcha
slow-down of the themohaline circulation (Bjoérck et al., 199Tybowska et al., 2005;
Rasmussen et al., 2007Mhe warming was first recorded in the benthic environment, before
the planktic environment also reflected surface warming and the retreat of polar water
(Rasmussen et al., 2007A deterioration of the cthate by the return of thePolarFront,
related to the Preboreal Oscillatipnvas observed in the Hinlopen Strait north of the Erik

Eriksen Strait (Kpet al., 2002).

The early Holocen@ 0 500t 8200 cal. yr BRyas characterized by an average & 20varmer
temperatures during summer north of 70 °N, dueato8 % higher summer solar insulation at
80°C Ncompared to todayKutzbach &Guetter, 1986; Svendsen & Mangerud, 1997). This
warmingwith a significantly warmer climate than at presdaatwidely rgistered along the
Norwegian coast and the western Barents sle@pel is referred to as the Holocene Climatic
Optimum (Figure 1.4Svendsen & Mangerud, 19974ubowska Woldengenret al., 2007). Sea
surface temperatures (SST) in the western Barents Sea pomsbly 4 °C higher that today
(Santhen et al., 2003b). There wassérong inflow of saline and chilled Atlantic Water along
the western and northern shelves of Svalbard and the northern Barents Sea $liedf{ska
Woldengeret al.,2008). The Actic front was located close to thwestern Svalbard shelf and
the Polar front close to the northern shelflubowskaWoldengeret al., 2008). An increase of
Atlantic Water is seen by the increase of the abundance of benthic forranand the
decrease of IRMb a minimum, which points to a higher organic productivity and a further

glacier front retreat (lubowskaWoldengenet al., 2008; Rasmussen et al., 2014). Bottom
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water temperatures increageon the northern North Sea shelf (Kristensen et al., 2001). The
IRD countwas mostly low throughout the Holocene (Dowdeswell, 1989). However, a
pronounced peak implying increased ice rafting duehte ¢ollapse of the northern Svalbard
Barents Sea ice shestobserved around 1000 cal. yr BP (Landvik et al., 1998; Bagey et

al., 2001; lubowska et al., 2005 fter the Holocene temperature optimum, a gradual cooling
followed into and through the middle and late Holoceax et al., 2002; lubowska et al.,
2005; Rasmussen et al., 2007).

The middle Holocenec(8200t4000 cal. yr BP) waharacterized by conditions ppaching
modern and harsher conditionsith more extensive sea ice. The abundance and diversity of
benthic foraminifera decreask(Rasmussen et al., 2007ridgfensenet al., 2013) Several
studies from the SvalbardBarentsSea show a cold eveatound 8200 cal. yr BBuggested

to have been triggered by a discharge of water fromdaenmed Northern American lakes
(Duplessey et al., 2001; Hald & Korsun 2008téhsenet al., 2013)The amount of IRD was
low, which suggesteduced glacier cover and hence ice raftinlgijowskaWoldengenret al.,
2008). Northern Norwegian fjords sheda development from icelistal to more iceproximal

conditionsin the middle HolocenéHald & Korsun, 19).

The late Holocene (c. 4000 calBR tto present) was characterized by further cooling of the
Svalbardt Barents Sea area and glacier growth (Svendseéviafigerud,et al., 1997). The
foraminiferal record became morketerogeneous( lubowska et al., 2005). A cooling and
freshening of the btiom waters, suggesting a decrease in the inflow of Atlantic water, was
recorded in theSt. Annalrough(Hald et al., 1999). Thmoncentration of IRhcreased, which

is indicative ofadvance of glaciers (Rasmussen et28(Q7;2014). The last 1100 yeanfthe
northern Svalbard margin wasiore environmentally unstable witlan inflow of Atlantic
bottom waters and a decrease in IRDubpowska et al., 2005). Glacier growth in central
Spitsbergen culminated 500 cal. yr BP during the cold event.itile Ice Age (Svendsen &
Mangerud 1997).
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Subnarine landforms in the Kvitgyanifough, located between Nordaustidet and the Franz
Victoria Through east of Spitsrgen (Figure 1.1)was described by Hogan at. (20109.
Detection of greamlined landforms indicated warm based glacial actjytgbably during the
glacial peak when the Svalbar@arents Sea ice sheextended all the way out to the shelf
edge. Meltwater channels and channel cavity system incised into bedrock were found, which
was indicative of the presence of melt watduring the last glaciation. There w@s little
evidenceof still stands during iceetreat. This, in addition to many icebesgours indicated a

rapid retreat mainly caused by calving. Hogan g28110 concluded that thekvitgya Tirough

was submerged by warm based ice stream during thate Weichseliaglacial peak. This ice
streamwas probably small due to the fact that mastthe ice was led into the much larger

Franz Victoria Throudirther east.

Another article from Hogan et al. (2010@)blished results from a submarine survey of the
seafloor surrounding Kong Karls Land.eBttroughswere studied: Olga Strait, Erik Eriksen
Strait and an unnamed @@ northeast of Kong Karls Lar@treamlinedlandforms and
subglacial tillevidenced that grounded ice from the Svalbard Barents Sea ice sheet overrun
the area during the Late Weioligan glaciationFigure 1.5)Small still-stands @ re-advances
indicated by recessional morainere observed Laminated mud deposited from meltwater
plumessuggested meltwatederived ice lossniaddition to iceberg discharge in the transition

from dacial to interglacial conditions.

Unconsolidated glaciomarine sediments found by Kristensen et al. (2013) indicated an ice
sheet margin located west of the Kvitgya Trough. Kristensen et al. (2013) found that the
retreat was rapid and sedime#taden plume resulted in the deposition of a fine grained,
laminated layer. The foraminiferal record from marine cores taken in the unnamed trough
northeast of Kong Karls Land by Kristensen et al. (2013) revealed a start of strong inflow at c.
14 600 cal. yr BP of legively warm Atlantic water during the BglliAdlergd interstadials

(Figure 1.3). Reduced inflow occurred in the Younger Dryas, during the Holocene between
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1. Introduction

8600 and 7600 cal. yr BP and after c. 6000 cal. yr BP. The inflow increased significantly between

11 000 and 6000 cal. yr BP. The Younger Dryas also showed a heavy sea ice cover.

Figure 15: Location of Grounding zone wedges, ice margins and debris flow deposgitsunding
zones in Erik Egkn Strait, Olga Strait and Unnamed d€EpomHogan et &, 2010b)
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2. Study area

The Svalbar@rchipelago isituatedin the high Arctidbetweenthe Norwegian Greerand,
Arcticand Barents Se@4°N 81°N and 10°B5°E Figure 2.). Sptsbergen the largestisland

Ju% EJ]e }A & Z o( }( A o EcHara&@szen byEModntais rdmges with
summits reachig 1000 mabove sea level, strandflgtglacially eroded sounds,ofids and
crossshelf troughs(Landvik et aJ 2003) Other large islands arordaustlandet Edgegya
BarentsgyaKvitlgya, Kong Karls Land, Hopen Bparngya

The Erik Eriksen Stta(7/8£01ZtEf°60[E v °0oid[t 30°T0[ s a SENW oriented
waterway located west of Spitsbergehe strait is found in the northwest corner tife
epicontinentalBarents Sea, which is one of the widest and broadest continental shelves in the
world. It isbounded between Svenskgya and Abel@yaKong Karls Land the south and
Brasvellbreenand Italiaodden on Nordaustlanden the north (Figire 2.1). The straitis
approximately 130 km long, between 60 and30n wide and have a preseday water depth

of up to 400 m(Hogan et al.2010b).

North of the southern end of the strait lies the N\SE oriented Hinlopen Straitith a sill
boardering the Bk Eriksen Strait (Solheim, 199The island€dgegya andarentsgya are
situated southwest of the straifA sill at the south end of the Kvitgya trough boansithe Erik
E]le v «SE ]5[ v} ERuther SoulhtEhesi@ait continueseastvardsinto another
unnamed tough flanked byAbelgya and Kvitgy@logan et al 2010b) South of Kong Karls
Land lies the&sENW orientedOlga Strait Theunnamed trough and the Olga Straonsolidate
into anaher deep depression and continue northeasto the Franz Victoria Trouglkhallow

banks with typical water depths of 5@ 150m, separate the trough@Hogan et al 2010b).

13



2. Background

Figure 2.1Map ofthe Svalbardarchipelagand the investigated Erik Eriksen Strait and Kvitgya Trough
Retrievedcores are marked in red (Map modified from npolar.no)

Glaciationsduring the Quarternary have caused a bld-up and decline of ice sheets. This
activity isresponsible for major erosion and transpat sediment to thecontinental shelf

break and slop€Vorren et al., 1989 owdeswell et a] 1998. The seafloor sediment record

14
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and features is indicative of the dimensions and dynamics of ice sheets after they have

withdrawn to their interglacial position (Ottesen & Dowdesk2009).

Until now, the focus of study has mainly evolved around the fafbeving ice streams,
resulting introughsafter deglaciation, and the areas between, referred to as Hiterstream
areas, has been studied less (Ottesen & Dowdes2@09). Astudy from the northwestern
most part of Svalbard concludéhat the seafloor on continental shelves located in an inter
ice stream area have landforms oriented mainly transveoséhe ice flow of the ice sheet.
Which differentiate from areamfluencedby faster flowing ice streams, where the landforms

are oriented in the same direction as the ice flavigure 2.20ttesen & DowdeswelR009).

Figure 2.2 Typical landforms formed by a glacial-isgeam (Ottesen & Dowdeswell, 2009)

Geomorphic fatures were studied on the seafloor of the Erik Eriksen Strait and described in

Hogan et al (2010bNo features, except iceberg scours, were found below 215 m water

15



2. Background

depth. The southernpart of the trough hadlineations oriented in aNW-SE direction
Overridingthem were W-Eoriented lineations interpreted to be Mega Scale Glacial Lineation
(MSGL)MSGL are curvilinear submarine features elongated in the direction of the long axis
of troughs. They are the result of the deformatiday fast flowing iceon soft-sediment
(Ottesen et al.,, 2007)A pair of low elief drumlins wee found overlying domeshaped
groundingzone featuresSmoothened seafloor with a subtle sinous @wer and transverse
ridges werealso observed in the southern pafthedeepest part othe strait,found south of

the sill separating the Kvitgydrough from Erik Eriksen Straitvere characterized by
transverse ridges on the flanks dirthe absence of MSGILHillhole pairs related to
glacitectonic trusting under grounded icand dannelsinterpreted to have been eroded by
subglacial miwater, werealso found in the northern part of the trough. Multipiebe formed
deposits interpreted to be debis flow deposits overlayother features andvere interpreted

to be deposited after glaciatetreat. A surface drapeof up to 4m, interpreted to be of
Holoceneage,were observed overlying the features throughout the trougrhe drapewvas
interpreted to be the result of settling suspended sediments in a distal glacimarine

environment.

Outcrops on Kong Karls Land, south of the Erik Eriksen (iiguire 2.3)reveal a bedrock
composed of Late Triassic aBarly Cretaceous clastics and limestones, which is overlain by
Tertiary basaltic lavas and terrestrial sediments (Solhdi®91). North of the strai, the
southern part of Nordaustlandethe bedrock is made up IBarly Palaeozoidimestones and
dolomitic limesones with a high chert content and silicified sedimertstbnsenet al., 199).

The boundary between the Early Pageic carbonates on southern Nordaustlandet and the

Late Triassic and Early Creataceous clastic rocks and limestones on Kong Karls Land is
hypothetically placed along the central part of the Erik Eriksen S&kaibfsen et al., 1991;
Solheim, 1991)The aea close to Kvitgya comprises crystalline rocks of the Hekla Hoek

Formation (Antonsen et al., 1991).

Westof the studyarea,on Barentsgya anBdgegya, the bedrécaconsists of Triassic and Early

Jurassic poorly consolidated shalsiistones and sandstes Solheim 1991; Salvigsen et al.,
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1995). Outcropping offriassic clastic rocks and Mesozoic doleritic intrusions are found
northwest of the study area on Olav V Land and on Willagimand Kiepertgya in the Hinlopen
Strait (Solheim, 1991)The Olga bas and the Storbanken high southeast of Kong Karls Land

consists mainly of late Jurassic to early Cretaceous sandstones (Antonsen et al., 1991).

Figure 2.3Bedrock geology of Nordaustlandet, Kong Karls Land and Eastern Spitsbergen (Solheim,
1991)

The thermohaline circulation is mainly driventiye A § E u e« o[ J(( E v =« ]v
caused by temperature and salinity differences (Broecker, 198dinly three types of water
masses determine the physical conditions of the oceanosumding Svalbard: Coastal water,

Arctic water and Atlantic watelF{gure 2.4L.oeng, 1991)
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2. Background

Figure 2.4Current system of the Barents Sea and Svalbard margin. Dark blue represent the deepest
water masses. Red i§%2rom bottom. Green is '8 from bottom. Light blue islosestto the surface
(modified from Gammelsrgd et al. 2009)

The relatively warm and saline Atlantic water, called the Atlantic Layer, has a temperature
>2°C and salinity >3l psu. It is transported into thNordic and Barents Seas by the North
Atlantic Current and is considered an important source for heath and salt to the Arctic Ocean
(Schlichtholz & Goszczko, 2006). The North Atlantic Current transports the Atlantic Water
northward mainly along the Norwéan coast as the Norwegian Atlantic Currenulbowska
Woldengen et al., 2007).

18
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The Atlantic Layer is found as surface and bottom layers of the wateamocht water depths

of 50t500 mat the western and northern Svalbard slope ¢l¢bal., 2002) and at 12200 m
depths of the Barents Sea (Duplestyal., 2001). One branch of the Norwegian Atlantic
Current flows into the Barents Sea as the North&@prrent. The Atlantic water enters the
Barents Sea via the Barents Sea Opening between Fuglgya and Bjgrngya. It is effectively
modified by cooling andhixing, and loses heat on its way to the Arctic Ocean (Drange et al.,
2005; Gammelsrgd et al., 2009he northern extension of the North Atlantic Curréoliows

the bathymetry of the Eurasian continental plate and is named the West Spitsbergen Current
(Aagaard et al., 1975jubowskaWoldengen et al., 2007). The currdidws north along the
western and northern Svalbard slope and provides the Svalbard region with warm and saline
Atlantic water (Broecker, 1991lubowska et al., 2005; Rasmussen et &072).As the warm
Atlantic water flows northwards, it loses heat directly to the atmosphere and probably also to
the melting of sea ice and mixing with colder surrounding waters. It submerges therefore
under less saline and cold Arctic surface water atrapipately 78N, and continues as a
subsurface layer confined to the upper part of the continental sl¢fagaard et al., 1975;
Saloranta & Haugan, 2004he current brachemto tree subcurrentsat approximately 79°,
where one, named the Svalbard brananters the Arctic Ocean through the Fram Strait,
continues around the northern part of Spitsbergen and is glistuthward into the Hinlopen
trough (lubowska Woldengen et al., 2007).

Theeastcoast of Svalbard is highly affected by the cold and Asctitace waters from the

East Spitsbergen Current (Skogseth et al., 2005). This results in conditions along the northern
Barents Sea shelf east of Svalbard, standing in stark conditions to the western side
(Gammelsrgd et al., 2009). The current flows awbtime south tip of Spitsbergen and then
north along the western Svalbard margin, now named the Coastal Current (Loeng, 1991;
Skogseth et al., 2005lubowska Woldengen et al., 2007).

Atlantic water follows the continental slope and penetrates into the Barents Sea from north
via the Franz Victoria and St Anna troughs. It continues west as a subsurface layer and enters
the Kvitgya through from the sh (Gammelsrgd et al., 2009). Cold Pslarfacewater forms

in the Arctic Ocean under the influence of freshwater discharge from Siberian rivers, low solar

radiation balance and perenniséaice cover (Steinsund et al., 1994). The cold surface waters
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also flow in through the troughs and occupies approximately the top 40 m of the wal@mn

in the Franz Victoridrough. The lower part mixes with inflowing Atlantic water which forms

a warm and saline intermediate water mass (Duplessay.e2001). Theottom of the rough

is occupied with outflowing more saline and colder Barents Sea bottom water. This water layer
is formed in the Barents Sea and controlled by factors like surface cooling;eseaver,
polynia activity and brine formation (Steinsund al., 1994; Duplessey et al., 2001,

Gammelsrad et al., 2009).

The interaction between the Atlantic water brought north by the Norwegian Atlantic Current
and Polar derived water creates a strong hydrological front called the Arctic Front (Swift et
al., 186; Loeng, 1991S5teinsund et al., 1994#iechura & Walczowski, 199%; The inflow of
Atlantic water controls the position of the Arctic front and the sea limit (Duplessy et al.,
2001). The contact zone between Polar and Arctic water is termed tiarfFront (Swift et

al., 1986; Piechura & Walczowski, 1995). During colder periods, like the Younger Dryas, the
Polar Front retreated northward (€@t al.,2002; lubowska et al., 2005). The most

productive areas are associated with the frontal systems and small changes are recorded in
the distribution of benthic foraminifera assemblagekipowskaWoldengen et al., 2008).
Seaice melting during the spring generatetrition rich water and consequently an algal
bloom at the ice edge (Steinsund et al., 1994; Wassmann et al., 1999). In the northern and
eastern parts of the Barents Sea, sea is formed. The pack ice extends to 74°N and has its

maximum extent in Marcland April (Hald & Steinsund., 1992).

The Svalbard archipelago is geographically located in a climatically sensitive area where cold

air fromthe northeast meet warm air masses from the southwest. The variation between mild

air arriving fromsouthwest causing relatively high temperatures during wir(feigure 2.8,

and a weather type causing cold easterly and northeasterly winds characterize the Svalbard

A 8Z E ~/¢ lee}v & oXU TiifieX dZ o]u & v § Eundarf }v3]v V3
« ] A]8Z }o v EC ]JEU }E Zu E]SJu [ ]v % E]} » A]8Z 0]8
and humid air (Fgrland et al., 2009). The relatively small land area occupied by the archipelago

and its location near the southern limit of polar icagk and the northernmost branches of
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the warm North AtlanticCurrentcauses the Svalbard local climate to be very affected by even

small changes in these factors (Humlum et al., 2003).

Figure 2.5Annual precipitation at the higirctic statims: NyAlesund, Svalbard airport, Isfjord Radio,
Bjgrngya, Jan Mayen and Hop&mdmFgrland et al., 2009).

A temperature gradient of about.2°C per degree latitude from south to north exists during
the winter. Cold polar air causes the northern and eastparts of Svalbard to be colder
(Isaksson et al., 2005)he annual precipitation of the Svalbard region is I&wortheast
southwest gradient in precipitation existsvith higher values in the southweslhye tothe fact

that easterly winds bringaost of the precipitationthat reachesthe Svalbard Archipelago
(Hisdal, 1998Fgrland et al., 2009; Figure 2.9he climate has changed over the past two
decades resulting in ®mperature increase of approximately 1°C, glacier and snow cover

retreat and pemafrost thaw (Comiso & Parkinson, 2004).

§ % E » v3U 01 9 }( "A o E [+ E o0 ] }A ElubdwskZelal., %oe
2005).Glaciers growth and size are greatly affected by the temperature and precipitation
gradients betveen east and west on Svalbard (Day et al., 2012). The surrounding islands of
the Erik Eriksen Strait are either occupied by glaciers or show evidence of earlier glacier
activity. The higher parts of Edgegya is covered by the ice cap Edgegyjgkulen \gbth out
glaciers in surrounding valleys. One tidewater glacier is located on the southeastern shore

(Nagy, 1984). An ice cap named Barentsjgkulen covers Barentsgya. The ice cap has several
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outlet tidewater glaciers that are known to surge (Dowdeswell & Bani®#95). No glaciers

exist on Kong Karls Land (Ingdlfsson et al., 1995). Nordaustlandet, located north of Erik Eriksen
Strait, is covered by an ice cap where Austfonna is the largest glacier. Brasvellbreen occupies
the southern part of Nordaustlandet andarders the Erik Eriksen Strait. The glacier surged

12115 km along a 30 km wide front between 1936 and 1938 (Solheim, 1991).

Figure 26: Mean temperature (°C) over the Nordic sea, Svalbard region and Barents Sea from 1961
2000. Uper left- winter, upper rightspring, lower lefisummer and lower rightutumn (from
Farland et al., 2009).
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3. Material and method

Data from core analysis and acoustic data provide the basis for the study. Three gravity cores

were taken ina transect from the inner part to the outer part of the Erik Eriksen Strait along
with several 3.%Hz and sparker profiles. The gravity cores were analysed with focus on the 3

m long core NPOB9GC from the central part of the street.

Table 3.1 Specificof studied sediment cores

Water

Station/Core Longitude Depth

(N) (E) (m) (m) GC
NP0511/49GC 17.08.2005 79°22,4' N| 27°49,8'E 320 293 GC
NPO5
11/51GC2 17.08.2005 79°55,5'N| 29°05,3'E 327 176 GC
NP0511-
84GC2 24.08.2005 79°05,25' N 25°50,1'E 215 231 GC

3.1. Sediment cores

Three sediment corewere collected in August in 2005 on the NRD5 cruise to the north
western corner of the Barents Sea by the research vessel of the Norwegian Polar Institute, R/V
Lance (Table.3). The cores were retrieved with a gravity corer that is used to retrieve long

cores of the seafloor sediments.

The gravity corer consists of a steel barrel, core cutter, core catcher and a replaceable plastic
liner, with an outer diameter of 11 cm, withthe barrel. The steel barrel is 6 metres long and
has a 1600 kg weight attached at the tdpne core cutter at the bottom enables the barrel to

cut into the sediments, while the weight aids the barrel to penetrate the sea floor further. A
core catchers fitted inside the barrel to minimize the loss of sediment once the barrel is
elevated with a steel wire. The plastic liner, containing the sediment, is removed from the
barrel on deck and cut into 1 m long sections. Each section is labelled and segledtlry

caps and bags before put into a 4 °C cooled storage room to prohibit drying.
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High resolution seismidatawere acquired during the NPQ@51 cruise to the northwestern

corner of the Barents Sea. The data was collected wsingllmounted O. R. E penetration
echo sounder with a sampling frequency of 10 kHz. Three profiles displaying each of the three
core sites were supplied by the Norwegian Polar Institute. The profiles, displaying the

subsurface, are included to get an oview of the local subsurfacgedimentologyFigure 3.1)

Figure 3.1Seismic profile of line NP@51 t37 from Erik Eriksen Strait displaying location of core NP0O5
11t49GC by black arrow (for location see Figure 5.1).

ConductivityTemperatureDepth (CTD) profiles were retrieved from the core stations during

the research cruise. To profile the salinity and temperature of the water column, a probe
continuously measures the temperature and conductivity of the water masses as the CTD
instrument is lavered down from the sea surface. The conductivity is later calculated to get

the salinity.

The laboratory work on the threeores were carried out on and off over the course of one
year between August 2014 and Jan 2016. Except thasarements of physical properties,
which were done in November and December 2005. The work took place in the laboratory of

the Geology department of University of Tromsg, The Arctic University of Norway. The
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foraminiferal distribution, other physical paraters and grain size analyses and distribution

were determined.

The physical properties such as magnetic susceptibility, wet bulk densigy@velocity and
amplitude of the sediment were measured using a GEOTEK Multi Seoisot ogger (MSCL
Figure 3.2 The MSCL is a versatile core measurement system with the ability to measure
multiple parameters simultaneously. Core sections were placed upon a belt and pushed past
an array of stationary sensors, which collect data whes ¢bre pauses at a measurement

point. The properties were measured before opening the core sections.

Complete cores were logged in a continuous process and measurements were taken at spatial
intervals of 1 cm with a 10 seconds measuring time. The cores ke in room temperature
overnight. This is done as temperature differences can disrupt the measurement and the

result of for instance the measured sediment velocity (GEOTEK, 2014a)

Figure 32 Principal sketch of the GEOTEK Multi Sensor Core L&g&TEK, 2014a)

26



3. Material and method

The density of a material is given by the ratio of its mass to its volume. Bulk density is a
measurement of how densely packed sediments are, and is defined as the mass of particles of
a material divided by the totalolume they occupy. The mineral composition of the sediments

and the degree of packing affect the bulk density.

A gamma density sensor system mounted on the MSCL is used to detect the bulk density of
the core. The gamma source emit a narrow beamy&photons, which pass through the core
sections and are detected by detectors on the other side of the core. Electrons in the core
cause the photons to scatter with a partial energy loss. Measurement of the number of
photons that pass wattenuated through he core determines the density of the core
material. The sediments were wet and the obtained density is therefore the wet bulk density
(GEOTEK, 2014a)

Handling can disrupt the degree of packing and hence be a potential factor of error when
measuring the blk density. Poor measurements can also be the result of a core not

completely filled with sediment.

P-waves are longitudinal waves, which compress and dilate the material they propagate
through in the direction of propagationnAultrasonic Rvave system consisting of transducers
placed on each side of the MSCL core logger (Figure 3.1) measurevthe Relocity as the

core sections move between the transducers. A transmitter transducer produces an ultrasonic
compressional pulsat 230 kHz, which propagates through the core and is detected by a
transducer receiver. The distance travelled, the thickness of the core liner and travel time are

measured to calculate the-Wave velocity with a resolution of 1.5m/s (GEOTEK, 2014 a).
The Pwave amplitude, which is related to the intensity of the signal, was also measured. Low

measurements indicate poor contact between the transducers, liner and sediment (GEOTEK,

2014 a). Water was used to moisturize the liner to ensure direct contdcttiae transducers.
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The product of the Rvave velocity and he wet bulk density can based to alculate the
acoustic impedance with the formula Z=V*p, where Z is the acoustic impedance;waieP
velocity and p is densityPorosity can be calculated directly from sediment density when the

mineral grain density and the fluid density is known (GEOTEK, 2014a).

The magnetic susceptibility is how magnetized a material imesowhen subjected to a
magnetic field. It indicates the magnetoineral content and can therefore be an indication

of the mineralogy and origin of the sediments (Pirrung et al.,, 2002). The magnetic
susceptibility is negative and the field is weakenecdhm ppresence of a diamagnetic material.
Para, ferro-, ferri- or antiferromagnetic materials causes a strengthening of the magnetic field

and a positive susceptibility (GEOTEK, 2014a).

A Bartington loop sensor (MS2C) mounted on the core logger was usetltthé variation

of the magnetic susceptibility throughout the cores. The sensor is mounted a part from other
instruments to avoid interference from other magnetic or metallic components (Figure 3.1).
An oscillator circuit in the loop produces a low inség magnetic field of 0,565 kHz. The core
sections pushed through the loop causes change in the oscillator frequency, which is
converted into information about the magnetic susceptibility (GEOTEK, 2014a). The magnetic
susceptibility is used to create mrte scale for changes in the sedimentary environment and

correlation between cores.

A circular saw, spatula and a thin wire were used to cut the plastic liner and the sediments in
the core sections in halglong the long axis of the liner. One part was wrapped and archived
Jlv O8£ }}o <3}E P E}luX dzZ }8Z E A - u El ZA}EI] (JE ]

The sediment surface was cleaned and smoothed with a thin plastic card upon logging. The
sectims were investigated for approximate grain size and clast distribution, sedimentary

structures, clear layers, boundaries, texture, bioturbation, macrofossils and other visible
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variations. The Munsell Soil Colour Chart was used to determine colour and hitmeéogical
logs, created using Corel Draw, with attached colour images present the results Rjure
5.11 and 513).

dz }E& =+ S]}ve u CEI Zt}EI[ A o ps Jvs} i -weighed plasé %o ps v
bags for counting of foraminifera, IRD and grain size analysis. An osmotic knife and a spatula
was used to obtain the sediments. The edges were avoided due to a possible sediment

disturbance during the coring process.

The sampls were weighed before they were put into a freezer. The frozen sediment samples
were afterwards freezelried using the Christ Alphatd freezedryer. This process takes
approximately 25 hours, depending on the amount of water. The process of sublimation is
considered to be more gentle on the foraminiferal tests as opposed to drying in an Tiven.

dried samples were again weighed to obtain the water content for each sample.

The distribution of grain sizes are found by o&ting the percentages of the fractionS@B

pum, 63t100um, 100pum t 1 mm and> 1mm to the total sediment volume. The grain size range
of each fraction is chosen based the division used in the GRADISTAT program (Blott & Pye,
2001).

Three sieves with mesh sizes of 1 mm, 100 um and 63 pm were used to carefully wet sieve the
samples. Distilled water was used to remove the remaining sediments in the sieves into filters.
The sieves were carefully cleaned between each sample with running ,vwaterush and

compressed air to avoid contamination. An oven of 40 °C was used for drying. The dried
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samples were weighed and put into smglihss jars, sealed and labelled. The weight of the

samples make up the basis for finding the grain size distdhuti

The >100 um size fraction from core NPOB49GC was used to count the distribution of
foraminifera. Every other sample was counted between 155 and 185 cm. Evsaynple was
counted in the rest of the core, making upadal of 79 samples. A splitter was used to divide
large samples in half or more before picking. The splitter was thoroughly cleaned with
compressed air before and after use. The residue from the sieving was evenly distributed over
a metal tray with 45 sgares. Every foraminifera in a randomly picked square was counted
until at least 300 specimens of benthic foraminifera was reached. This is required to get a
complete assemblage for statistically comparability between samples (Lowe & Walker, 1997).
A colleting tray underneath was used to gather the picked specimens. The binocular
microscopelLeica CLS 150X1Z12.5was used.

A division between calcareous and agglutinated benthic forms was done and the percentages
of each form was calculated. The benthicnfierwas also identified down to species level and
the percentages for each species were calculated relative to total foraminifera amount
(agglutinated and calcareous specimens) in a sample. Planktonic forms were counted, but not

identified.

The amount of IRD was calculated in the > 1.0 mm fraction as nuofigeains per gram dry
weight sediment. The sediments of this fraction was evenly distributed over a picking tray and
all the grains were counted underneath a binoculacmscope. The lithology of the grains
can be used for tracing the origin and source of the IRD and enhance the insight to the

processes involved in the IRD transportation (Solheim, 1991; Jessen et al., 2010).
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X-ray photographswere taken of the half core sections using tRailips MacrotankThe
photographs are shadow images showing differences in density. Darker areas are low in
density, whereas brighter areas are high. Features and structures, unseen to the eye, such as
class bioturbation, molluscs, boundaries and stratification can be easier to detect when

looking at xrays.

Aldaitiio i Z' >]v. ~ v u & ~0i..u & <}opuPvpatechSRFZ S} §
core scanner was used to take colour photography of the different core sections of the archive

half of the core. The sediment surfaces were cleaned and smoothenedwhih plastic card

prior to photographing. The cores were additionally left in room temperature for a while to

enable evaporation of surface water and prevent reflections.

The oxygen isotope method is uséd JVA *3]P § % 0 }3 u% E SpHE « }( §Z
Estimating the changes in isotopic composition of the oceans is also done to approximate the
AS vS }( E}ESZ EvV , u]l*%Z E Po ] §]}ve ~"ZBQAdn Bénthic i660 X
foraminifera eflect also hydrological bottom water changes and the temperature, which the
foraminifera grew in (Duplessy et al., 200Mhe study of foraminiferal assemblages and stable
isotopes provide a valuable record of understanding the change of inflow of Atkamdi fresh
surface water into the Barents Sea during deglaciation and the Holocene, as water mass
changes are likely to be recorded by the foraminiferal species and isotopic compositions

(Duplessy et al., 2001).
Stable isotope analysis on oxygen andocarisotopes was performed on the benthic species

Nonionellina labradorica, Cibicides lobatulaisd Melonis badeeants. The measurements

were done in a total of 60 samples in the upper 185 cm of core NEIGB9GC to create a
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stable isotope record for theote. The isotope record was compared with other proxies of

the core (sediscussiomand correlationk

A minimum of sevespecimens wre picked for each sample undebaocular microscope
N. labradoricawas sampled between 3 and ©8n, M. barleeanusbetween 59t169 andC.
lobatulus between 165185 cm. An overlap was ensured to achieve a continuous stable
isotope record.The samples were weighed and pato centrifuge tubes. The hes were

sealed and sent tat the University of Been.

Isotope analysis were conducted at tieepartment of Earth Scien¢emass spectrometry
laboratory, University of Bergen, Norway. To remove sediment from the foraminifera shells,
methanol was used to clean the samples. The samp&re wried and put into glass vials. A

MAT Carbo Kiel Ill preparation line was used to add three dropsR@&HThe Finnigan MAT

253 mass spectrometer was used to measure the stable isotope radds. o }E S}EC]|-
external error is based on replicate measments of carbonate standarg&hichis + 0.06 for

WEO and + 0.03 for W3C versus the PeeDee Belemnite after calibration with the NBS19
standard (Coplen, 1996) he oxygen isotopic record was corrected for isotopic disequilibrium

with seawater between the different species (Table 3&@pbal continentalice volume

changes during the deglaciation and early and middle Holocene causes variatiof#® in

~ H% 0 **C S oXU TiiieX it u Z vP }( * chande off@ The 3} 1 X
samples were global sea A o }EE 3§ A3z iXiieirglodal sed lael E |-
(Fairbanks, 1989).

Table 3.2:Corrections of vital effcts for Nonionellalabradorica, Melonis barleeanusand
Obicideslobatulus

180 correction
Nonionellina labradorica |-0.2 Shackleton, 1974
Melonis barleeanus +0.4 Smalley et al., 1986
Cibicides lobatulus +0.64 Duplessy et al., 200
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3. Material and method

The chronology of the key core NP3 t49GC is based on four dated levels, where sufficient
biogenic material was availabléwobivalve shells of th genusNuculawere sampled from 87
and 127 cm. At least 900 specimenstiod foraminifera specie€assidulina reniformand
Cassidulinaneoteretiswere sampled from 35 and 181 crithe four samples were sent to
4 ZKEK Vv3E § Yp v[e hvhé UKol sagiocarbon (lating using the AMS

method.

Carbon has three naturally occurring isotop®€, and'3C, which are stable, afdC which is
unstable and known as radiocarbon. Radiocarbon is continually being formed in the upper
atmosphere by the interaction of neutrons produced by cosmic rays with nitrogen atoms. It
quickly forms carbon dioxide with oxygen and mixes in the atmosphere and the oceans.
Through the photosynthesis, it enters the biosphere and thus calcareous magaeisms.
After death, the exchange with the biosphere stops, and the unstable radiocarbon starts to

decay with a hafflife of 5730 years (Bowman, 1990)

The AMS method measures the number, or a proportioa wiimber, of“C atoms in a sample
compared to the number of°C and!3C atoms. @ons from the sediment samples are
accelerated and subjected to a magnetic field, which causes them to deflect from a straight
path. Particles of dissimilar mass deflect eliéntly, and heavier particles deflects the least.
Detectors at different angles receive the particles, making it possible to identify and obtain
the amount of'“C (Bowman, 1990).

Several different factorsncluding radioactive decay, contribute to the concentratiof*6fin
animals and plants. Factors such as the variation of the formatidfCoin the atmosphere
M S} (o S S]}ve v ESZ[* u Pv S] (] o V *UVe%}S §]A]5C

glaciations and human activity like burning of fofsdl, known as the Suess effect, and
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3. Material and method

nuclearweapons testing (Bowman, 1990). This has led to a need for calibration between

radiocarbon years and calendar years before present (cal. Yr. BP).

Radiocarboris mixed into the ocean at the oceatmosphere interface. This gives surface
waters and the atmosphere similar concentration of radiocarbon. Mixing rates in the
subsurface and deep oceans are slow. This results in a more isolated layer of deeper water
and little compensating for the decay 8fC with mixing of fresh surface waters. Marine
organisms, using carbon to build for instance tests and shells, incorporate this lower amount
of C (Bowman, 1990). This gives an apparent older radiocarbon ageaaiiddisthe marine
reservoir effect R(t), which varies over time and is defined as the difference bett@€eage

of samples grown in the sea and théC age in samples grown the atmosphere
contemporaneously (Stuiver et al., 1986). To compare a radiocapeinf a marine organism

with ice-core and terrestrial records, it is important to correct for a marine reservoir effect

(Bondevik et al., 2006).

Local and lateral differences in water masses also needs to be accounted for (Bowman, 1990;
Mangerud et al.2006), and aegional offset from a global mean reservoir age R(8firred
S} + PZverefal] 1986; Bard et al., 1994). A regional difference is due variations-in sea

ice cover, wind speed and upwelling of poorly ventilated subsurface waters (Bard et al., 1994).
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4. Benthic foraminifera

Benthic foraminifera are protists or prokaryotes with calcareous, organic or agglutinated tests.
The tests are either single chambered or maliambered separated by septae. They are in
or epifaunal and live mainly in marirevironments. Foraminiferal remains deposited and
incorporated in the seabed sediments after death are dominated by benthic forms in most

inshore waters and shelf areas (Lowe & Walker, 1984).

Poor preservation of the foraminiferal tests, reworking anebeposition of sediments may
lead to a misinterpretation of the faunal composition and hence the paleoenvironment. The
studied core NPOA1-49GC appear undisturbetdwith homogenous hemipelagic sediments

and occasional bioturbation.

Benthic foraminifera ishe most abundant microfossil group in the sediments of the Barents
Sea and the understanding of their modern Arctic assemblages are important for
reconstructing marine environments (Steinsund et al., 1994). The ecology, the relationship
between the livingorganism and the environment, of benthic foraminifera is studied to find
the distribution pattern and dynamics of communities and environment. This distribution
pattern of foraminifera is controlled by their feeding strategies and microhabitat preferences
on the one hand, and by climate, ocean circulation;iseaand water mass properties on the
other hand (Steinsund et al 1994; Murray, 2001). Important controlling factors are studied to
reconstruct the paleoecology and paleoceanography are thereforeniali oxygen,
temperature, turbidity, bottom current activities, alkalinity and the grain size of sediments

(Murray, 2001)

The ecology of eight dominating species from the core NPIBS9GC are preseat in this

chapter. Less dominating species are briefly described as they display short episodes of high
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4. Benthic foraminifera

relative abundance, or their appearance could give an indication of the paleoenvironment.
Samples under 185 cm contained less than 25 benthic calcarepacimens and have

therefore been excluded to avoid biased results.

This group consists mainly Bf frigidaand a smaller proportion oB. tenerrima. They are

epifaunal or shallow infaunal (Rosoff & Corliss, 1992).

Buceclla spprefers a cold, polar environment within areas influenced by seasonal sea ice,
suggesting that the group take advantage of algal bloom at the ice edge (Hald & Steinsund,
1996; Polyak et al., 2002). Temperatures betwedndegrees, salinity between 380 : d

water depths of 10200 m are preferred (Steinsund et al,. 199)ccella sppis recorded in
river-affected areas from the Ob estuary in the Kara Sea (Polyak et al., 2002). It is typically
found around Franz Josef Land in relative shallow areas wihtlgl sandy sediments
(Steinsund et al., 1994; Hald & Seinsund, 1996). Faunas dominaEgHgium excavatum
andCassidulina reniformie@ modern arctic fjords are typically accompaniedBugcella frigida

andBuccella tenerrim@Jennings et al., 2004).

Elphidium excavatuntcomprises four ecophenotypes, whetphidium excavatunforma
clavatais the arctic form commonly found on the east and west coast of Spitsbergen (Feyling
Hanssen, 1972). Rare occurrenceElphidium excavaturformaselseyensisom the studied
sediment core is possible (cf. Kristensen et al., 2013), but here all forms registered are

Elphidium excavaturforma clavata referred to a€lphidium excavaturm this thesis.

Elphidium excavatunis an opportunistic and infaunal species, which is found in a wide
sediment depth range (Corliss, 1991; Steinsund et al., 199%).species is widespread on
Arctic shelves and is extensively distributed in marine deposits of Quaternary age (Steinsund
et al 1994; Hald & Korsun 1997; Polyak et al., 2002,). It clearly dominates in a pure arctic

environments with presence of seee and high turbidity and high sedimentation rates
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(Steinsund et al 1994; Hald & Steinsund, 1996; Hald & Korsun, 1987nainly dstributed

in Arctic and shallow waters characterized by rapid changes in temperature and salinity,
typical for glacier proximal environments (Feylidignssen, 1972; Osterman, 1984; Hald &
Vorren, 1987; Steinsund et al., 1994)is both a salinity and teperature indicator, and
preferslow temperatures under 1°C and/or reduced salinities between 30 and 34 psu (Hald &
Vorren, 1987; Steinsund., et al 1994).

The species strongly dominates the bottom of laminated muds, with general low diversity,
commonly faind in glaciomarine deposits proximal to a retreating glacier (Vorren & Hald,
1987; Hald & Korsun, 1997).is almost exclusively confined to Arctic waters in the Barents
and Kara Sea (Steinsund et al., 1994e southward distribution dElphidium excaatum in

the Barents Sea is limited by the winter sea and temperatures above 4°C due to
competition from species thriving on more stable feeding (Polyak et al., 2002). The species is
related to brackish water in the Kara Sea (Hald & Korsun, 1997) asldtesd to in riverine

effected nearshore waters at lower latitudes (Feylittpnssen, 1972).

Nonionellina labradoricais a deep infaunal species associated with high productive
environments and high food supply to the bain (Corliss, 1991; Polyak & Mikhailov, 1996;
Zajaczkowski et al., 2010). It is common in glaciomarine environments and prefers low
temperatures of <1°C and reduced salinities ofid: ~ Z P vU i6d6iV ~§ Jveuv
1994).Nonionellina labradorices associated with the Polar front, with rapid changes and high
organic production. It is commonly found in moderate water depths and in slightly sandy
sediments (Steinsund et al., 1994; Jennings et al., 20@f)onellina labradoricés related to
Atlanticwater and dominate the deeper, middle and outer part of fjords (Hald & Korsun et al.,
1997). Itis found in more dynamic environments affected by iceberg activity with temperate,
saline and oxygenated water masses (Vorren et al., 1984). It is found mbédmte distances

from rivers (Polyak et al., 2002). The species is capable of surviving prolonged starvation,
however it prefers environments with at least seasonally elevated concentrations of food

supply (Cedhagen, 1991, Polyak et al., 2002). It thrive buried organic matter (Corliss,
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1991), and a low supply of phytietritus to the sediment surface may result in a low

abundance ofNonionellia labradoricéZajaczkowski et al., 2010).

Cassidulina reniformis commonly foad in cold bottom waters in areas with seasonal sea ice
cover. It is the second most important species in glaciomarine environments (Polyak &
Solheim, 1994; Hald & Korsun, 1997; Polyak et al., 2002). It prefers temperatures below 2°C
and salinities above®@psu (Polyak et al., 2002). Laminated muds are often dominated by
Cassidulina reniforméSteinsund et al., 1994) and it is typically found in areas affected by
Atlantic water and is associated with the warmer interstadials, where it indicates a distal
glaciomarine environment (Hald & Vorren, 1987; Polyak & Solheim, 1994). It is associated with

local water and occupies fjord mouths in Svalbard today (Hald & Korsun, 1997).

Cassidulina neoteretis an epifaunal or shallow infaal species that reflect organic fluxes to

the seabed (Jennings et al., 200%is species flourishes at very low temperatures and are
E &E oC (}pv S e 0]v]S] * DiIT:X /S Z e %E (EvV (}E& (]Jv & -
distribution as planktiéoraminifera (Steinsund et al., 1994). A high abundandc@askidulina
neoteretis occasionally together with abundant planktonic specimens, suggests a period with
inflow of mainly subsurface Atlantic water, which could promote ice melting (Polyak &
Solhem, 1994). ). In Greenland Fjords it is abundant in Atlantic Intermediate Water with a
temperature >0 degree C (Jennings and Helgadottir 19947?). It is therefore an indicator of
modified Atlantic water and its distribution is controlled by the supply ofsseal foodfalls
(Steinsund et al., 1994rassidulina neoteretis most commonly found between 626 and
1500 m water depth (Rosoff & Corliss, 1992).

Cibicides lobatuluss an epifaunal suspensidgaeding species that can attacto stones,
sponge skeletons, algae and other objects (Hald & Vorren, 1984; Steinsund et al., 1994,
Hansen et al., 1995). This gives an elevated habitat existence in addition to the top centimetre
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of the sediment habitat (Corliss, 1991ibicides lobatyl ¢ planc-convex form and sessile

nature, enables it to cling on to the hard substrate and survive environments exposed to
winnowing and high current activity (Hald & Vorren, 1984; Hald & Korsun, 1997). This explains
why Cibicides lobatulus recorded tmften dominate together withTrifarina angulosén sand

facies (Hald & Vorren, 1984). In Svalbard today, it is commonly observed in the outer parts of
flords in high energetic environments with coarse sediments close to the fjord terminus (Hald

& Korsun, 997). A low sedimentation rate is associated with high occurencg€ilatides
lobatulusand itp@E ( Ee+ * o]v]3] » ul*30C }JA iT:U ps8 v cpEAJA v
also(Steinsund et al., 1994). Bioturbation and survival inside polychaete t#mesesult in a

deep penetration into the sediment f&ibicides lobatulysvhich probably happens when the

substrate available is too soft for it to cling on (lvanova et al., 2008).

The two formdslandiella norcrossind Iskandiella helenaean be challenging to distinguish,
especially when preservation is poor and the shell is opaque instead of clear and transparent.

Henceforth, these two forms are not distinguished and will be ternstéahdiella norcrossi

Islandiella norarssiis an epifaunal or shallow infaunal species. The distributions pattern is
similar to Buccella sppbut Islandiella norcrossi prefers finer sediments and larger water
depths of 200400 m (Steinsund et al., 19943landiella norcrosss often found inglacier

distal settings together wittNonionellia labradorican Svalbard fjords (Hald & Korsun 1997;
Korsun & Hald, 2000). It is typically observed in marine mud and glaciomarine sediments with
ice rafted debris (Hald & Korsun, 1997). The species refltegh organic fluxes to the seabed
(Jennings et al., 2004). Large concentration of the species have been found in troughs or
depressions filled with winter bottom water with slow sedimentation rates (Steinsund et al.,
1994; Jennings et al., 2004). Areaghwseasonal sea ice cover is also favourable for this

species, as it possible takes advantage okitge algal blooms (Steinsund et al., 1994).

This species is an intermediate infaunal species that is found in the upper 4lvesediment

package on the seafloor (Corliss, 1991). The search for a more favourable microhabitat, can

40



4. Benthic foraminifera

result in a penetration down to-80 cm below the sediment surface (lvanova et al., 2008).
Melonis bareeanuss related to high sedimentation ratesa fine sediments with high and
steady rates of partlydegraded organic carbon (Mackensen et18B5; Caralp, 1989;
Steinsund et al., 1994). In the Barents Sea, the species is found in troughs with chilled Atlantic
water with temperatures between 8.5 °Cand normal salinities with usually more than 32

~, 0 7 NS Jvepv U id6067X /S ]« }uu}lvoC (}uv }v §Z S EV (c
troughs in the Barents Sea, where it feeds on organic debris transported by winter bottom
waters (Steinsund et al., 1992Melonis barleeanusas the same feeding strategy and
thermohaline preferences aBullenia bulloidegCorliss, 1991). Due to high adaptability,
Melonis barleeanushange to an epifaunal habitat depending on food supply (Linke & Lutze,

1993).

Elphidium subarcticums an opportunistic and epifaunal species. SimilarBiphidium
excavatum|jt prefers glacier proximal environments, sea ice cover, low temperatures of less

than 1°C and decreased salinities of 3% :X /8 ] §C%] o00C (}uv Jv E =+« A
sediments and on slopes of the Spitsbergen and Central Banks (Steinsund et al., 1994). This
species is widely occurring on both high and temperate latitude shelves. Ittepdsfer river

distal environments (Polyak et al., 2002).

Stainforthia species are opportunistic and commonly found in areas of high seasonal
productivity (Gustavsson & Nordberg, 2001). This species is common at bankssibjgesed
to cold waters at approximately 0°C. It is typical within areas covered by seaso+ict seal

show a similar distribution pattern a$onionellina labradoricur(Steinsund et al 1994).
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Pullenia bulloidess an intermeliate infaunal species found in the upper 4 cm from the
sediment surface on the seafloor (Corliss, 1991). The species prefagréimed sediments,

which are typically found in troughs influenced by chilled Atlantic water like the Franz Victoria
through./8 % & ( E« v EE}A » 0]v]3C Jvs EA o o}e 8} ifi: v S u
2 and 4 °C (Steinsund et al., 1994).

Astrononion galloway8 ZE]A « Jv 0}A § u% & SUE « }( DI£€ v Z]PZ « o]v
E 77:X id$ound in shallow areas with coarse sediments influenced by stronger bottom
currents and are often accompanied Gybicides lobatuluSteinsund et al., 1994; Wollenburg

and Mackensen, 1998).

Trifarina fluenss a shallow infaual species (Corliss, 1991). It is typically found on bank slopes
covered by sandy sediments, and is an important paleoenvironmental indicator due to a
specific thermohaline preference. It thrives in highly productive mixing zones between Arctic
and Atlantc waters, like the Polar front, with temperatures o81C and salinity of 341 :

(Steinsund et al., 1994).

Miliolids are generally epifaunal and most common in the top centimetre of the seafloor
sediments. They have a decreasing abunéawith increasing sediment depth (Corliss, 1991).
Several species belong to thMiliolinellagenera, which show an unclear distribution pattern

probably due to several individual ecological preferences (Polyak et al., 2002).
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Agglutinated foraminifera disintegrate easily after death often resulting in varying amounts
and high fractionation of the tests in the sediment (Steinsund et al., 1994). They are most
common in the upper 0.5 cm of the seafloor sediments (Corliss, 199&).ntimber of
agglutinated species can be an indicator if increased water turbidity (Zajaczkowski et al.,
2010).Reophaxscorpiurugs the most common species from the investigated sediment core.
This foraminifera correlate well with the amount of organicbe in the surface sediments

and is found in colder bottom waters of£2C (Hald & Steinsund., 1992). Brine formation,
associated with acidic bottom waters, is well toleratedRgophax scorpiuryKRasmussen &
Thomsen, 2014).
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5. Results and interpretation

This subchapter present a brief seismic data analysis of the subsurface characteristics of the
three core sites from Erik Eriksen Strait and southern Kvitgya Trough. The three collected
sedimentcores were taken along three transects, going-S®/along the longxis of the Erik
Eriksen Strait and-#/ along the shorixis at the southern head of the Kvitgya Trough (Figure
5.1). The three lines are included in order to obtain an overview of theyinagtry, acoustic

layers penetratedy the cores and sub bottom sedimentary record characterizing the three

core sites, and correlate this with the obtainseddiment cores (See S.&hostratigraphy.

Line NP0%11 169, includes core location of core NPQ4 t84GC2 in western Erik Eriksen Strait
Line NP0%11t37, includes core location of core NPQA t49GC in middle Erik Eriksen Strait

Line NP0%11t42, includes core location of core NP3 t51GC2 in southern Kvitgya Trough

Twoway-travel time (TWT) is displad along the yaxis in seconds. The meawve velocity
obtained from coréNP05t11 t49GC and NP21t51GC2 is 1480 m/s. However, the retrieved
P-wave amplitude is mostly zero. The obtainesv&ve velocity is therefore disregarded (see
3.4.1.2P-wave velaity). Anacoustic velocity of 1700 m/s was chosen for the gglacial
deposits of Andfjorden and Vagsfjorden (Plassen & Vorren, 2002). An average acoustic
impedance of 1600 m/s is typically used for sediments of Spitsbergen fjords (Elverhgi et al.,
1995;Plassen et al. 2004; Forwick et al., 2011). The acoustic velocity of water is 1500 m/s. Due
to the softness of the sediments, a chosen velocity of 1600 m/s was used to convert the TWT

into sediment thickness (m).
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Figure 5.1:Map of Erik Eriksen Sttaand Kvitgya Trough displaying obtained seismic lines and core
location with red dots.
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The core was retrieved from an acoustically transparent wedga. (Figure 5.2). Easf the
wedge, the seabed is smooth and deepening, with an overlying @0 cm surface drape.
Approximately 1.2 km further east, a hummocky seabed with an underlying undulating

acoustically transparent layer with subtle morphological features are observed

Figure 5.2: Seismic line NPO&1t69 from western Erik Eriksen Strait displaying location for core
NPO5t84tGC2 showing acoustically transparent Grounding zone wedge with proximal subtle
morphological feature overlain by a thin pegliacial surface dramApproximate position and length

of core is indicated by red line.

An acoustically transparent sediment layer were described by Hogan et al. (2010b) from the
Erik Eriksen Strait. The layer was subdivided into lobate depositsaoet® accumulations of
sediment. The lobate deposits, up to 15m high, were interpreted to be grounding zone
wedges. Grounding zone wedga® mainly transparent or chaotic on seismic profdes are
formed by advection of till towards the glacier fromt a stillstand of aretreating glacier

during deglaciation (Dowdeswell et al.,2008; Hogan et al., 206vdeswell & Fugelli, 2012
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Theacoustically transparent and approximately 10m thick wedge from Erik Eriksen Strait is
therefore probably such a gumding zone wedge. Subtle morphological features, observed
situated further east of the wedgtrm, were described from Erik Eriksen Strait by Hogan et
al. (2010b) as transverse ridges formed during glaciersstitid or readvance during retreat.
The suble morphological feature observed east of the wedgan can be such ridges,
however more extensive seismic analysis are needed for determining the origin of the
hummocky seafloor. The acoustically homogenous surface drape is interpreted to be post
glacialaccretion of sediments through the water column. Similar surface sediments of up to 4

m were described from Erik Eriksen Strait by Hogan et al. (2010b).

The corewas retrievedfrom homogeneous sea floor with a slight deepening towards
northeast (Figure 5.3). Thep layer is a 1.5 to 2 m acoustically homogenous surface drape.
The core penetrates into the underlying layer, which is laterally extensive wighatively

smooth and distinctupperreflector.

The observed surface drape is correlative with the top acoustic facies of Erik Eriksen Strait
interpreted by Hogan et al. (2010b) to have accumulated through-glastial rainout from
the water columnThe underlying laterally extensive layer is correlative with a diamictic facies

interpreted by Hogan et al. (2010) to reflect subglacial deposition.
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Figure 5.3:Seismic line NPO&1t37 from middle Erik Eriksen Strait displaying location foe ¢¢/P05
11t49GC showing laterally extensive layer of varying thickness overlain by a thiglgpaat surface
drape. Approximate position and length of core is indicated by red line.

The core was retrieved from homogeneous sea floor in close proximity to the Nordaustlandet
bank (Figure 5.4). Thep layer is a 0.5 to 1.8 m acoustically homogenous surface drape. The
core penetrates slightly into the underlying layteat is alsoacoustically homogenousith

an upperrelatively smooth andlistinct reflector

The observed surface drape is correlative with a thin and widespread draping unit observed
by Hogan et al. (2010a) from the Kvitgya Trough, intergrdte be accumulation of post
glacial sedimentainout from the water column. The underlying lateral layer is correlative
with an unlithified sediment unit interpreted to represent thin subglacial deformation till, or

a diamictic layer representing a tratisnal facies and ic@roximal deposition from a

retreating glacier front during deglaciation.
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Figure 5.4:Seismic line NPO&1t42 from southern Kvitgya Trough displayin location for core NP0O5
49tGC showing laterally extensive layer of varying thickioesslain by a thin posglacial surface
drape. Approximate position and length of core is indicated by red line.

Three sediment cores from Erik Eriksen Strait and Kvitgya Trough make up the basis for the
lithostratigraphy. The cores were analysed using the methods described in Chapter 3 in order
to understand and reconstruct the depositional environment of the stiHie results of the
analysis is presented below along with an interpretation of each proke hesis is mainly

built on the results obtained from core NP@BLt49GC. Two more cores, NPQ3 t51GC2

and NP05311t84GC2, are included for lithostratigraphical purposes and to attain an
understanding of the different sedimentological processes during the siéipo of the
different units. The latter cores are divided into a deglacial and-ptstial unit, as dating of
biogenic material is needed for further division. The chronology is therefore based on the

results from core NPOB.1t49GC, which had sufficiebtogenic material for dating
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Visual description of the sediment surface along with a study-@EyXphotos was done to

E S o0]SZ}o}P] o0 0}Pes }(3Z }@E X }O}UE %Z}S}IPEEZC[* }(
logs. Sections with the different units, lithofacies codes, colour of the sediment surfaces and
the amount of bioturbation are created and displayed along with the log. The lithofacies codes
are based on the classification of diamictic and sorted sedismgom Kriger & Kjeer (1999;
Figure 5.1). Diamictic (D) sediments are separated into general appearance, granulometric
composition of matrix, clast/matrix relationship atize consistence when moisthe sorted
sediments are separated into gravel (G), sé®dand fines or mud (silt and clay), and whether
the laminas or the bedding is horizontal (h), planar (p) or massive (m). The scale and ranges of
grain size fractions are based on the division used in the GRADISTAT program (Blott & Pye,
2001). Some of th subdivisions are excluded to simplify the scale. Matupported units,
beds and pockets dominated by mud with an obvious sand component are termed, based on

visual description and the obtained grain size distribution, sandy mud or muddy sand.

The measured physical properties for core NBO549GC and NPO®1t51GC2 are water
content (%), wetbulk density (g/cr®), magnetic susceptibility (¥0SI), acoustiompedance
(g*m*cm2 *s1) and fraction porosity. A preseation of the physical properties plots are
included for each of theores.Table 5.1 include the physical properties mean, maximum and
minimum values for each core. The obtained& e amplitude for the two cores are mostly
zero. Low Rvave amplitude measements (see3.4.1.2 Pwave velocity)s indicative of poor
contact between transducer, liner and sediment contact. TheaRe velocity measurements

are therefore rejected. The magnetic susceptibility is measured for core NRE&HAGC?2.

The grain size distribution is presented in continuous plots relative to depth for the cores

NPO5t11t49GC and NP1 t51GC2 (Figure®and 513). Calculations of the percentages of
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the total sediment volume for the fractionst63 pm, 63t100um, 100 umt1 mm and > 1mm

is done.The 863 um fraction, consisting of clay and silt, is referred to as fines or mud.

Table 5.1Minimum, mean and maximum values for measured physical properties.

Physical properties NPO5t11t49GC NPO5t11t51GC2 NPO05t11t84QC2
Magnetic susceptibility
(107(-5) SI)
Minimum -0.1 2.1 10.6
Mean 21.9 22.8 61.2
Maximum 42.4 67.8 85.2
Wet bulk density
(g/cm”3)
Minimum 0.8 1.2
Mean 1.6 1.6
Maximum 2.1 2.2

Acoustic impedance
(g*m*cm”-2*s”-1)

Minimum 1287 1726
Mean 2405 2355
Maximum 3183 3483
Fraction porosity

Minimum 0.4 0.3
Mean 0.7 0.6
Maximum 1.1 0.9

5.2.5. Ice rafted debris

Ice rafted debris (IRD) from the 1 mm fraction was picked for core NMRA89GC.
Minerogenic grais was picked, leaving out any authigenic material. Continuous plots relative

to depth present the IRMistribution.

5.2.6 CTD (Conductivity, Temperature, Depth) description

CTD profiles from core sites of the thinvestigated coreNP0O5t11t49GC and NPQ11t
51GC2 were retrieved during the NPQ3 cruise with R/V Lance in August 200%e
measurements aredescribed and presented in continuous plots relative to depth. The
obtained values show the water masses change of salinity and temperature throudteut t
water columnThe CTDesults from the cruisevere unavailabldor this thesis however five

CTDprofiles from the cruise from the Erik Eriksen Strait and nearby troughs were presented
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in Kristensen et al. (2013). The G3file from the core site, NPO&9, of this thesis key core
NPO5v 11t49GC, display a current influence of Atlantic water as a subsurface layer between
approximately 150 and 300m water depth. The Atlantic derived water is characterized by
salinity of 34.9 psu and temperature ot25 °C Kristensen et al., 2013). The top 150 m is
occupied by cold Arctic surface waters originating in the Arctic Ocean flowing into the
northwestern Barents Sea via the Franz Victoi&. Annaand Hinlopen Troughslbowska

et al., 2007; Gammelsrgd et &Q09). Core site 51, where core NRO%t51GC2 in the Kvitgya
Trough is retrieved from, display a cooler water mass distribution with lower salinity of 34.7

psu and temperatures between 1.1 and 0.8 °C.

The stations situated further east display warmer temgiares, which is in concordance with
Gammelsragd et al. (2009), whisliggestd an easterly inflow of Atlantic water to the Erik

Eriksen Strait via the Franz Victerad St. Anna troughs.
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5. Results and interpretation

Figure 5.5:Map of the Svalbard ahipelago with position of CF8ations marked with red circles.
Temperature and salinity profiles from each station retrieved in 2005 during the NBQSuise are
displayed below. Definition of water masses are according to Gammelsrgd et al. (2009)mM&sses

are displayed in colours and marked with the abbreviations: SW= Surface water, ArcW= Arctic surface
water, AW= Atlantic water, CBW= Cold bottom water. After Kristensen et al. (2013).
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Erik Erikserstrait Kvitgya Trough
Southwest Northeast
< 4
NP0511-84GC2 NP0511-49GC NP0511-51GC2

Figure 56: Lithological logs with colour photographs of the coMi205t11 t84GC2NP05t11 t49GC
from Erik Eriksen Strait and of NRQ4 t51GC2 from Kvitgya Trough. Arrows display dated levels in
calibrated years before present. Legend in the right corner.
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The core wa retrieved from a water depth of 215 m in the western part of the Erik Eriksen
Strait (Figure 2.1 and 5.1). The total length of the core is 231 cm (Table 3.1). The core is
subdivided into two units, unit A1 and B1, based on lithofacies assosiations amdkitnetic
susceptibility graph (Figure®and 5.9. Sedimenfacies comprising this core are: Fm (Fines
(silt, clay), massive), Sm (Sand, massive), D (Diamict, massive), (m2)-gM=aiaxed,

moderate), 2 (Friable, easy to excavate).

The magnetic susceptibility (Figur@bdisplays most fluctuations and spikes within unit B1,
but also unit A1 show several spikes with a general increase towards unit B1. The mean value
is 61 (x16 Sl). A drop to 47 (x10SI) is obserd at 47 cm. A positive spike is observed at 38

cm, correlating with the change from unit A1 to B1.

The basal nit B1 makes up most of the core and is 193 cm long with a very dark doey co
(2.5Y 3/1; Figure 8). The unit is characterized by numerous grasieéd clasts suspended in

a matrix of massive mud and sand. The sediments are more compact and less water saturated
compared to the overlying unit A1l. The observed clasts are sublexdito subanglurar and

vary in abundanceSome crude planar structures are observed in the upper part of tag x

photos (Figure 7). Theunit is devoid of biogenic material and has a sharp upper boundary.

The abundance of sttared clasts suspended in a massive sandy mud matrix, along with the
degree of compaction and low water content, suggest that unit B is a diamictic deposit. The

poor sorting of the grain size distribution, along with the subrounded clasts further indicate
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glacier transportation and deposition (Hambrey et al., 1997). The moderate compaction of the
sediment can indicate direct subglacial andpeeximal deposition (Dowdeswell et al., 2008).
Lacking biogenic material suggest harsh glaciomarine conditiald &lKorsun, 1997). The
crude planar structures in the upper part of the unit suggest ice proximal deposition affected
by subglacial meltwater, rather than direct deformatiofititl at the glacier bed (Hogan et al.,
2010b). The core is retrieved from anoustically transparent wedgerm (see5.1.2 Core

site NP0311t84GC2t SW Erik Eriksen StraitBased orthis, the unit is interpreted to be a
diamict deposit formed by direct subglacial and-preximal processes during a glacier

advance or stilstand during deglaciation.

Figure 57: Two identical xray photographsA andB) of split core of NPOBL1t84GC2 displaying unit

Al (0t38 cm) and the top part of unit B1 (888 cm).A: Includes interpretation of the observed
sediment features. Largeclasts are marked in green. Orange dotted lines mark sandy mud pockets
and beds. Purple dotted line display a mud bed between 36 and 38 cm bordering unit B2. The lower
thick purple dotted line show boundary between unit A1 andaB38 cm
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5. Results and interpretation

Figure5.8: Lithological log of core NP@B1 t84GC displaying colour photographs, units, bioturbation,
Munsell colour codes, lithofacies codes and structures. Legend displayed to the right.
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Figure 59: Measured magnetic susceptilyliof core NP0%11t84GC2. Lithological log and colour
photographs are included for reference.
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Unit Al ischaracterized by massive mud with several sandy mud pockets and beds (Figure
5.8). A2 cm water saturated and soft greyish brown bed (10YR 4/2, similar to the top 17 cm
of the unit, is found between 36 and 38 cm (Figui® . Bioturbationis observed in the upper

part. The underlying boundary to unit B1 is sharp. The lower part of thesuoltaracterized

by a very dark grey (2.5Y 3/1) colour. A dipping bed with a sharp boundary consisting of muddy
sand is observed between 22 and 21 cm. The upper 17 cm are softer and consists mostly of
massive mud with dark greyish brown (10YR 4/2) colblawever, few very weak 1 mm
laminas can be observed on thaa§ photos. A 2 cm subhorizontal muddy sand pocket and
lamina with an undulating and sharp boundary to the underlying sediment are observed at 10

and 7 cm, respectively.

The dominance of fines observed in unit A1 suggest a depositional environment with lower
current activity compared to unit B1. The muddy sand pockets and beds, along with the
scattered clasts are interpreted to be IRD deposited from icebergs or sé@ovaleswell et

al., 1994; Forwick & Vorrer2007). The increase of the magnetic susceptibility in unit A1
suggest increased compaction of sediments daesene. The observed spikes are interpreted

to be caused by the scattered clasts and muddy sand pockddsds. The soft gyish brown
lamina bordering unit B1, show the same characteristics as the upper 17 cm. It is interpreted
to be a result of deposition as the glacier was lifted from the bed, allowing deposition from
sediment rainout from the water colum The overlying dark grey and more compact
sediment is similar to unit B1. The change of colour and appearance to more compact
sediments again, with a higher sand content is interpreted to reflect a glacier proximal
environment, where a glacier front wdscated close to the core site resulting in a higher
deposition of coarser sediment (Dowdeswell et al., 1994; Lubinski €t9%l6). This suggest
increased glacial activity and possibly a glacial advance of the nearby glacier front resulting in
depositionof more compact sediments comparable to unit B1. The less compact and greyish

brown upper sediment is interpreted tbavebeen deposited as sediment rainout from the

60



5. Results and interpretation

water column in a glacier distal environmenthe unit is suggested to be pegacial
accumulation of suspended sediments in a proglacial to distal glaciomarine environment
(Lubinski et al., 1996 Acoustic data display that the core was retrieved from the top of a
grounding zone wedge (Figure 5.2), makimg sediments exposed to ocean cumteerosion.

This can explain the shortness of the soft pglstcial unit and why it is not easily observed in

the acoustic data.

Results from core NPQ%1t49GC make up the basis thiis thesis. It wasetrieved from a

water depth of 320 m in the middle part of the Erik Eriksen Strait (Figure 2.1 and 5.1). The
total length of the core is 293 cm (Table 3.1). The core is subdivided into four units, unit A2
D2, based on lithofacies association, grain dat and physical properties (Figurdband

5.12). Sediment facies comprising this core are: Fm (Fines (silt, clay), massive), Sm (Sand,

massive), D (Diamict, massive), (m2) (Magtipported, moderate), 1 (Looseot compacted).

The matrix of the coreonsists mainly of massive mud, with few short intervals of sandy mud.
Few black (2.5Y 2.5/1) mottles are observed scattered throughout the core with a slight
increase down core. The degree of compaction varies in intervals throughout the units, and
an exjected increase is observed doweore. Bioturbation is generally lowWwhe observed
decrease of water content and fraction porosity dowore, with a corresponding increase of
wet bulk density and acoustic impedance is caused by an increase of compacticio du

sediment loading.

Unit D2 is 55 cm long and characterized by a matrix of sandy mud with numerous very fine to
very coarse gravels distributed throughotlte unit (Figure 8.0 and 511). The grain size
distribution disply poorer sorting compared to overlying units. The mud fraction vary
between 63 to 81%. Gravel clasts make up 26f%he sediment composition and are
subrounded to subangular. The unit is very dark grey (10YR 3/1) and generally devoid of

lineations. Howevera slight alternation between dry and more watsaturated laminas are
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observed between 289284 cm and 248 240 cm. Gravels are sometimes confined to certain
levels, as opposed to having a random distribution. Numerous very coarse gravels characterize
the interval between 258 and 249 cm. The unit is more compact compared to the overlying
units, however still friable and easy to excavate. A fining upward tendency and a decreasing
degree of compaction is observed in the upper 15 cm the unit. The IRD isocomstantly

high throughout the unit. The unit has a sharp upper boundary.

Figure 510: Two identical xay photographsA andB) displaying the upper part of the diamictic unit

D2 (254t238 cm) and the lower part of unit C2 (248 cm) é core NP0311t49GC.B: X-ray
photograph with interpretatiorof the observed sediment featurekarger clasts are marked in green.
Blue dotted line display the boundary between the units and orange lines show laminations of unit C2.

The mean values of the wet bulk density and acoustic impedance are slightly higher compared
to unit C2. The fraction porosity is slightly lower. The three physical properties display a
significant spike at 180 cm and numerous {amplitude spike. The magnetic susceptibility

decreases in the lower part of the unit. Two positive spikes of 25 @1)0at 287 and 42 (*£0
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Sl) at 255 cm are observed. A negative spike of 25%1)0s displayed at 180 cm. A negative
drop of magnetic susceptibilitybserved at 238 cm corresponds well to the sharp boundary
separating and the sedimentological different unit C2 and D2. Unit D2 has lower content of
water compared to the overlying units. Small fluctuations around the mean value of 22 % is

observed (Figuré.12).

The general graisize distribution, with numerous gravel clasts suspended in a matrix of mud
and sand, suggests that unit D2 is a diamict sediment. However, the softness of the sediments,
the weak lamination and the sligtsorting of clasts is indicative of ungrounded glacial
deposition. Subglacial till is often over consolidated (O Cofaigh et al., 2007). The unit is
therefore interpreted to be the result of rainout of IRD in a glageyximal setting during
deglaciation(Dowdeswell et al., 1994; 2008; Forwick & Vorr20(7). The unit is correlative

with the observed acoustic layer, barely penetrated by the core, interpreted to be a diamictic
facies (Hogan et al2010b, se®.1.3.2. Interpretation Thespikes displaye@ly the physical

% E}% EEC PE %Z+ & |vE E% E § 3§} E -pod }( §Z uv]s[
content suggest closer packing due to sediment loading and a higher variety of grain size. The
fact that the unit is finingupward in the upperl5 cm suggests a decrease in deposition of

IRD, and conditions becoming more-ttistal (Dowdeswell et al., 2008).
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5. Results and interpretation

Figure 5.1: Lithological log of core NP@b1t49GC displaying colour photos, units, bioturbation,
Munsell colour codes, lithofacies codes and structutesyend displayed to the right
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Figure 5.2: Measured physical properties, grain size distribution andd®&iht of core NPOBL1 t49GC. Units (A2D2) are divided by dotted lines. Litlegical log and colour photograph
are included for reference.
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Unit C2 is characterized by subtle lineations observed between 238 and 198 cm (Fl§ure 5.
and 511). Mud lamina are seen alternating with thin subhorizontal lsanaf -4 mm with
slightly coarser sediment. The alternation is more frequent in the lower 9 cm of the unit. The
interval has a dark greyish brown colour (10YR 3/1) and the sediment is relatively firm. The
grainsize distribution graphs display a unit catisig of almost 100 % mud. The boundary to

the underlying unit D2 is sharp and situated at 238 cm. A pocket and a bed of sandy mud, with
a sharp upper and lower boundary are observed at 210 and 202 cm, respectively. The IRD
count show that the unit is alnsh barren of dropstones. However, few clasts are found in the

upper and lower part of the unit. The unit is devoid of biogenic material.

The magnetic susceptibility in unit C2 drops down to 9t*80) and is relatively stabl
throughout the unit (Figure 82). The wet bulk density, acoustic impedance and fraction
porosity graphs also display a relatively stable interval. However, numerous peaks with slight
change of amplitude are observed. The wet bulk density and acougpedamce show a
positive peak for the coarser sandy mud bed and pocket, with a corresponding negative peak
observed on the fraction porosity graph. The mean amount of water content is approximately

10% lower compared to the overlying unit. Fluctuations bestww 32 and 44% are observed.

The low magnetic susceptibility and the other relatively stable physical properties correlate
well with the stable grairsize distribution with up to 100% mud. The numerous peaks with
slight changes foamplitude reflected by physical property graphs, is in concordance to the
observed lamination with frequent, but slight change of grain size. The scarce scattered
gravels and sandy bed and pocket situated in the upper and lower part of the unit are
interpreted as IRD and suggest increased formation of sea ice or iceberg rafting in the area
(Dowdeswell et al., 1994; Forwick & Vorré@@07). The laminated mud witlow magnetic
susceptibility, indicates rapid deposition from sedindaden meltwater plumesni an ice
proximal glaciomarine setting (Hambrey & McKelvey, 2000). Laminas displaying slight changes

of grain size can be the result of minor change in sediment source or slight changes in the
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reigning ocean current regime during deposition (Reading, 198te rapid deposition from
glacial melt water plumes is indicative of a quick shift from glgmierimal to more icedistal

environments (Kristensen et al., 2013).

Unit B2 is 17 cm fig and strongly dominated by mud. However, several beds and pockets of
muddy sand or sandy mud of varying colours also characterize the unit (FigliyeThe unit

is barren of biogenic material and has a gradual upper boundary. A one cm thick undulating
sandy mud bed is identified at 195 cm. An olive grey (5Y 4/2) colour is observed between 194
and 192 cm. At 190 cm, a pocket consisting of sandy mud is found. Two laminas with dark olive
grey (5YR 3/2) colour are observed at 184 and 183 cm. The lam@lessicompact and more
water saturated compared to the over and underlying sediment. Two beds, with undulating
boundaries, are found at 187 and 185 cm. The beds consist of a sandy mud matrix with several

gravels. The abundance of IRD vary from 0 to &[aex gram.

The physical properties correlate well to the sedimentology and the created log (Fig@je 5.

The observed muddy sand lenses and beds observed between 195 and 185 cm correspond to
an increase of the magnetic steptibility, wet bulk density and acoustic impedance values,
with a corresponding decrease of the fraction porosity values doane. Unit B2 has the most

fluctuating water content compared to the other units.

The beds and pdets of different colour, grain size and water content indicate varying
depositional conditions. The sandy mud beds and pockets with sharp and undulating
boundaries, along with the scattered gravel clasts, are interpreted to béDB®deswell et

al., 1994 Forwick & Vorrer007). It can possibly be deposition from loingaching melt water
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plumes (Hundert et al., 2003The higher amount of IRD, compared to cvand underlying

units, can indicate that théhe unit was affected by increased glacial acyivit the nearby

area The lack of biogenic material suggests harsh glaciomarine conditions (Hald & Korsun,
1997). The changing sediment colour is suggested to be caused by sediment input from
multiple source areas (Forwick & Vorren, 2009). The positivepedisplayed by the wet bulk
density and acoustic impedance graph, with a corresponding negative fraction porosity spike,
correlate to the coarser beds and pockets and are interpreted to be caused by the change of
grain size. The high amount of IRD anded#ént laminas displaying different colours and
degree of compaction suggest deposition in a glacier proximal environment characterized by
multiple source sediment input and abundant, but a varying degree of ice rafting. The gradual
change into a more stéd depositional environment, characterizing the overlying unit A2,

suggests a gradual change into moredcstal conditions.

Unit A2 is 182 cm long and consists largely of massive mudd€fd1). Numerous clasts of

very fine to very coarse graveize are seen scattered throughout the unit. The abundance of
IRD is high with up to 11 clasts per gram in the lower 25 cm of the unit. The rest of the unit is
almost barren of IRD. However, gkt increase is observed in the upper 50 cm with clasts
consisting increasingly of quartz. The mud fraction strongly dominate the unit with an average
of 99% of the total sediment volume. The grain size distribution varies slightly more in the
lower 35 en, with a mud fraction variation between 1@®0 %. Levels with a lower amount

of mud display an increase of sand. The upper 183 cm has a dark greyish brown (2.5Y 4/2)

colour. A sandy mud bed is observed between 52 and 50 cm.

The wet bulk density, acoustic impedance and fraction porosity measurements correspond
well to the sedimentology (Figurel2). The wet bulk density and acoustic impedance display
a slight increase with subtle fluctuations around the mean value dowe (Table 5.1). The

fraction porosity graph show a matching decline. The coarse muddy sand bed between 52 and
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50 cm is reflected on the wet bulk density and acoustic impedance graphs as an increase, with
a corresponding decline observed on the fractiongsity graph. The magnetic susceptibility
of the unit has a mean value of 22 (*19). A rapid decrease is observed in the upper 60 cm.

A slight increase is observed throughout the rest of the unit.

The water content decreases slightly down core and hasan value of 50% in the upper 150
cm. A drop is observed at 160 cm. The grain size distribution also reflect this drop with a mud
fraction decrease from 99 to 87%. The water content fluctuates more in the lower 35 cm of

the unit.

The homogeneous mud interval in unit A2 is interpreted to be marine hemipelagic sediments
(Lubinski et al., 1996). The high amount of fines indicates a relatively weak ocean current
regime, allowing fines to be deposited (Reading, 1986). The scattiargd tound throughout

the unit, along with the muddy sand bed at 50 cm, is interpreted to be IRD deposited from
icebergs or sea icd®pwdeswell et al., 1994; Forwick & Vorr@007). The higher amount of

IRD in the upper and lower part of the unit can gesst increased iceberg rafting. The increase

of quartz clasts is suggested to be the result of IRD originating from distant sources far from
Svalbard (Jessen et al., 2010). The increase of sand and drop stones in the lower part of the
unit is indicative ofncreased ice rafting. The slight increase of wet bulk density and acoustic
impedance, along with a slight decrease of fraction porosity and water content is caused by
an increased degree of compaction dowore. The sediments are, based on this, suggeste

to be postglacial accretion of sediments from rainout from the water column in a
glaciomarine and icéistal environment. This is correlative with the top surface drape layer
observed on the seismic profile displaying the location of core NPDBOGC ¢ee5.1.3.2.

Interpretation;figure 5.3).
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The core was retrieved from a water depth of 327 m in the eastern part of the Erik Eriksen
Strait (Figure 2.1 and 5.1). The total length of the coré7& cm (Table 3.1). The unit is
subdivided into two units, unit A3 and B3, based on lithofacies association, grain size data and
physical properties (Figure3 and 514). Sediment facies that comprises this core are: Fm
(Fines (silt and clay), massiv&m (Sand, massive), D (Diamict, massive), (m2) (Matrix

supported, moderate), 1 (loose, not compacted)

The basal unit B3 is a 19 cm long mastpported unit with numerous clasts scattered
throughout the unit (Figure 43). The matrix consists of sandy mud with a very dark greyish
brown (2.5YR 3/2) colour. Biogenic material is lacking. The observed clasts are subrounded to
subangular and vary in size from very fine to very coarse gravel. The unit is more compact

compared tounit A3, but still easily excavated.

The physical property graphs correlate well to am@ther (Figure 34). Thewet bulk density
and acoustic impedance graphs display a jump in value for the lowest 20 centimetres of the
core. A corresponding decrease is displayed by the fraction porosity graph. A large positive

magnetic susceptibility spike of 68 (X18l) is observed at 156 cm.

A significant drop of water content is observed corresponding to the boundary between the

two units.

The increase of wet bulk density, acoustic impedance and the decrease of fraction porosity
and water content observed for unit B3 is interpreted to be a result of a change of lithology

between the two units. Unit B3's dk of biogenic material suggests cold and harsh
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glaciomarine conditions (Hald & Korsun, 1997). The numerous subrounded to subangular
clasts suspended in a sandy mud matrix suggest that unit B3 is a diamict sedimeit3 is
relatively soft and subgladiéll is often over consolidated (O Cofaigh et al., 2007). The higher
content of sand and scattered clasts, compared to unit iB3hereforeindicatng iceberg
rafted deposition from icebergs or sea ice (Dowdeswell et al., 1994; Forwick & V20,

Unit B3 is suggested to reflect rainout of IRD during deglaciation in a glaciomarine
environment close to a glacier front. The core penetrates into a seismic layer interpreted to
reflect thin subglacial deformation till, or a diamictic layer representirtgaasitional facies

and iceproximal deposition from a retreating glacier front during deglaciabgrHogan et al.
(2010;seeb.1.4.2.Interpretation;Figure 5.4. Unit B3s correlative with this unit and further
suggests IRD rainout during deglaciatidtowever the unit can also be a thin subglacial

deformation till.

Unit A3 comprises of 159 cm of mostly massive mud (99 %) with a dark greyish brown (2.5Y
4/2) colour (Figure 3.3). Few sattered subangular to subrounded clasts are observed, with a
higher abundance in the lower part of the unit. Scarce black coal pieces are scattered
throughout the unit. A subhorizontal lamina of weak red (2.5YR 4/2) colour is observed
bordering the basalinit. An undulating lamina with a muddy sand matrix and several gravels
and pieces of coal is found above, at 157 cm. A pocket of sand is observed at 156 cm. Between
1521150 and 155153 cm, two greyish brown subhorizontal beds are observed separated by

a darker greyish brown lamina. The unit contains few shell fragments and is characterized by

bioturbation (Figure 45). The unit las a gradual lower boundary.

The physical property graphs display few fluctuations and corre$peell to each other
(Figure 514). The basal part of the core display higher amplitude spikes compared to the rest

of the unit. A negative spike is observed at 14 cm on the wet bulk density and acoustic
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impedance graphs, with a corresponding positive ticat porosity spike. The values are
mostly situated around the meavalues (Table 5.1). #light increase dow4tore is displayed

by the magnetic susceptibility, wet bulk density and acoustic impedance graphs, and a
corresponding slight decrease displayey the fraction porosity graphs. The magnetic
susceptibility mean value of the core is 23 (XB)). A negative and positive spike of 68 and 9

(x10° SI) are displayed at 156 and 105 cm respectively.

The top of the core display the maximum amount of wai#7%). A decrease is observed in

the lower 28 cm of the unit. Slight fluctuations around 43% are observed in the upper 131 cm.

The slight increase of the magnetic susceptibility, wet bulk density and acoustic impedance
down-core, with a corresponding fraction porosity decline is suggested to be caused by
increased compaction of sedimeni&he dominance of massive mud suggestumulation of
suspended sediments adepositional environment with low ocean current activity (Regdin
1986; Lubinski et al., 1996). The few scattered clasts are interpreted to be IRD deposited from
icebergs or sea ice (Dowdeswell et al., 1994; Forwick & VoBR@W,). Increased occurrence

of IRD in the lower part of the unit suggests increased iceladtong. Bioturbation indicates

that the sediments are not reworked and is indicative of biological activity in the area (Forwick
& Vorren, 2007)The beds and laminas of different grain size, water content and colour,
observed above unit B3 indicativeof slight changes in the reigning ocean current regime
during deposition, or deposition from lorgaching and noseroding melt water plumes. It

can also be the result of input from multiple source areas (Reading, 1986; Hundert et al., 2003;
Forwick & Voren, 2009). The boundary to the underlying unit B3, characterized by many
dropstones, is gradual and suggests a gradual change into increasinglgtadeconditions

with less ice rafting and a steadier sediment depositional conditions. Hence, unit A3 is
interpreted to be posiglacial accumulation of suspended sediments, mostly of Holocene
origin, deposited in a glaciomarine idéstal environment. It is correlative to the peglacial
surface drape observed on the seismic profile of the core site §Sk€.2. Interpretation;
Figure 5.4).

72



5. Results and interpretation

Figure 5.B: Lithological log of core NP@B1t51GC2 displaying colour photos, units, bioturbation,
Munsell colour codes, lithofacies codes and structures
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Figure 5.%: Measured physical properties and grain sizeriigtion of core NP0311t51GC2Units (A3t B3) are divided by dotted lines. Lithological log and colour
photographs are included for reference
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Figure 5.5: A: Two identical xay photographgA and B) displaying unit A3 (2 cm) of core NP0O5
11 t51GC2B:Includes interpretation of bioturbation marked by yellow dotted lines.

The distribution patterns of benthic foraminiferal species are analysed for the upper 185 cm
of core NP0311t49GC, where a minimum of 300 speens in each sample were found.
Continuous plots present the percentage of each of the 15 identified benthic calcareous
species and the agglutinated foraminifera relative to the total amount of foraminifera in a
sample (agglutinated plus calcareous specis)edowncore . Continuous plots displaying the
total amount of benthic and planktic foraminifera per gram dry weight sediment relative to

depth is alsgresented (Figure %6 and 517).

The core has been divided int@dsemblage zones, referred to asexablage zone #4, based
on the change in distribution of the dominating species in different intervals. Description of
the assemblage zones are presented in stratigraphic order, from the oldest and lowermost

zone to the youngest and uppermost zone.

The doninating species of the assemblage zones are indicative of characteristics of the
environment they lived in (SeeBenthic foraminifera A short interpretation are presented

of every zone. Further discussion of the different assemblages, sedimentological
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characteristics and reigning environmental factors are given in chapt&iscussion and

Correlation

The assemblage zone starts at 185 cm with a clear changesigdiments almost barren of
foraminifera to sediments where minimum 300 specimans found (Figure 86 and 517).

The lower part of the zone is characterized by a significaak pad the maximum amount of

216 benthic foraminifera per gram, before a drapd oscillating values are observed. The
total number of species is slightly lower than overlying assemblage zones. The zone can
roughly be divided into two steps based on prominent positive peaks displayed by the
dominating species. The lowermost stegtween 185 and 169 cm, show an increase and a
dominance ofC. neoteretisvith a peak value of 55% ar@l lobatulusat 23%. The abundance

of C. neoteretiss generally high throughout the zone. This step contains a high amount of
planktic foraminifera, whi is in contrast with the overall low abundance in the rest of the
core. Two peaks of up to 25 planktic foraminifera per gram are observed at 179 and 171 cm.
The uppermost step, between 165 and 161 cm, display a dominafniceéorcross{63%) and

M. barleeanus(25%) The assemblage zone display fluctuating percentages. oéniforme

with a maximum value of 33 % at 169 .cithe zones has the highest, however slight,
occurrence ofA. gallowayiof the core, which is almost absent in the overlying assemblage

zones.

The rapid change from sediments almost barren of foraminifera to foraminifeha
sediments suggest sudden change to less harsh conditions characterized by high biological
activity. The fluctuating abundance of the donaiting species implies an environment varying

in current strength, salinity and temperature. The maximum amount of benthic foraminifera
per gram points to highly productive conditions. However, this peak can be due to little

dissolution of the calcareousrims due to less corrosive conditions (Hald & Steinsund, 1992).
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The lower occurrence @.reniformesuggest a change towards warmer bottom water (Polyak
et al., 2002). The first step dominant spedizseoteretiss related to Atlantic water. Together

with the decline in relative abundance Gf reniformejt suggest a warming of the bottom
water (_lubowska et al., 2005; Rasmussen et al., 20@®)icides lobatulusgether with A.
gallowayisuggests an environment influenced by stronger bottom curreBteifisund et al.,
1994; Wollenburg and Mackensen, 1998passidulina neoteretefers deepewater (Rosoff

& Corliss, 1992), and its dominance coincides with the highest abundance of planktic
foraminifera for the core. This suggests a period with inflow of Atlantic water as a subsurface
layer in a stratified water column with extensive, ngmrmanent seaice cover (Polyak &
Solheim, 1994; Lubinski et al., 2001; Jennings et al., 2004). The high amount of planktic
foraminifera, along with the benthic species that prefer deeper water, suggest an over
deepeningand increased paleo sea lev@lhe maximm abundance of cold bottom water
thriving C. reniformealong with a decrease of other dominant species at 169 cm, suggests a
temporary cooling of the water masses and hence a possible reduction in the inflow of Atlantic
water ( lubowska et al., 2005; Rasissen et al.,2007).

Islandiella norcrossind M. barleeanuseach their maximum abundance in the upper step of
the zone and are both suggested to reflect an inflow of chilled Atlatdgroved water (Hald &
Steinsun, 1992). They further indicate incredsalinities and increased fluxes of organic
material to the seabed, possibly due to ice edge algal blooms (Hald & Steinsund, 1992;
Steinsund et al., 1992). This indicates that the-iseawas retreating and the seee cover
became seasonal. The rapid degse of the dominating species towards the overlying
assemblage zone 2, suggests a sudden change of bottom water condifidmswska et al.,

2005).
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Assemblage zone 2 starts a 160 cm asdnarked by a significant drop in the relative
abundance ofC. neoteretis, C. lobatulus, M. barleeaans phnktic foraminifera (Figure 6

and 517). The zone is strongly dominated By reniformemaking up 80 % of the total fauna

in the lower part ofthe zone. A gradual decrease down to 47% is observecbtg Buccella

spp. occur at 151 cm and is observed fluctuating between 2 and 8 % throughout the zone.
Elphidium excavaturoccurs in the lower part of the zone with an abundance of 6%. The graph
dispaying the number of benthic foraminifera per gram show a slight decrease, the number
of species per sample show a slight increasecae. A relative abundant species in
assemblage zone E. subarcticumeoccurs at 140 cm with a maximum abundance of 6%.
Melonis barleeanuscrease towards the end of the zone with a maximum abundance of 27%
at 127 cm. This correlates with the maximum abundanceé.afubarcticumA rapid decrease

of the two species are observed towards the overlying assemblage zone.

¢] nolv &E vittddg doifninance is indicative of cold bottom waters with seasonal
seaice cover. It suggest a distal glaciomarine environment with salinity above 30psu under
the influence of chilled Atlantic water (Hald & Vorre®87; Polyak & Solheim, 1994; Hald &
Korsun, 1997). The introduction ®. barlesanus further points to the inflow of chilled
Atlantic water, and is also indicative of highsdimentation rates and fine sediments with
high and steady rates of partly degled organic carbon (Mackensen et 4885; Caralp, 1989;
Steinsund et al., 1994The slight increase &. excavatunandE. subarcticurp-core suggest
a lowering of the salinity (Steinsund et al., 1994; Hald & Steinsund, 1996; Hald & Korsun, 1997).
The increase oBuccellaspp. further suggest a polar environment with seasonal sea ice and

ice edge algal blooms.
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Figure 5.16: Number of planktic and benthic foraminifera per gram plotted against depth. Percentages of
agglutinated and most common bérit calcareous foraminifera plotted against depth

79



5. Results and interpretations

Figure 5.7: Number of benthic foraminifera per gram and number of species per gram plotted
against depth. Percentages of most common benthic calcareous foraminifera plotted against depth.
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The start of assemblage zone 3 at 123 cm is characterized by a drop in the relative abundance
of severalspecies (Figure 5 and 517). Melonis barleeanusirops from 27to 4% andE.
subarcticunfrom 5 to 1%. A slight negative oscillation is also observed on the graph displaying
the abundance oE. excavatumThe decrease of these species are correlative with an increase
of I. norcrossirom 3 to 18%, and a slight increasf C. reniformeThe number of benthic
foraminifera per gram also display a drop at 1@8 from 77 to 30Cassidulina reniforme
dominates the fauna, however a decrease from 60 to 30% is observed throughout the zone.
Positive oscillations df. reniformecorrelate to negative oscillations bfnorcrossiThe mean
relative abundance oE. excavatums 8% and the species increase slightly throughout the
zone.Cassidulina neoteretis observed increasing to 15% at 99 cm. The species fluctuates
around 10% thoughout the zone. A positive peak and a maximum abundance 3% flokns

is observed at 91 cm.

The rapid of decrease of several species suggastdenchange in environmental conditions.

I. norcrossincreases while other spexs, along with the number of benthic foraminifera,
decrease.Islandiella norcrosss associated with ice edge alga blooifise positive oscillation

of I. norcrossiwith correlating negative oscillations @. reniforme indicate that a frontal
system wa located in close proximity of the core site (Steinsund et al., 1994) maximum
abundance of. fluensand high percentages dfnorcrossat 91cm points further to a nearby
location of a front system, a$. fluensis associated with highly productivaixing zones
between Atlantic and Arctic water (Steinsund et al., 1994). The positive oscillati@h of
reniformeand negative oscillation &. excavatunat 123cm suggest a slight salinity increase.
However, the overall decrease Gf reniformend increase ofE. excavatursuggest a lowering

of the salinity, a decrease in the inflow of Atlantic water and harsher environmental conditions
(Kristensen et al., 2013)Elphidium excavatunis an opportunistic species associated with
glaiomarine enviromentéStansund et al 1994; Hald & Steinsund, 1996; Hald & Korsun, 1997)
The zone is therefore interpreted to reflect a change to a cooler clinfdte.dominance of.

reniformesuggest continued inflow of Atlantic water with cold bottom waters and seasonal
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sea ie cover. The increase @. neoteretisat 99cm suggest renewed and stronger Atlantic

water inflow (Kristensen et al., 2013).

Assemblage zone 4 is dominatedhyexcavatum, norcrossandC. reniformevith maximum
values of 27%, 20% and 44%spectively (Figure 56 and 517). Ephidium excavatunvaries

in abundance and displays an increase with a maximum relative abundance of 38%, before a
declining trend within the uppe 45cm is observedCassidulina reniformealecreases
significantly throughout the zone, but still displays percentages above 20% in the upper part
of the core. Other relatively abundant species &eneoteretif16%),E. subarcticun{8%),
Buccellaspp (8%)and N. labradorica(7%).Nonionella labradoricéncreases from 0 to 7% at

71 cm and is present throughout the upper part of the zone. This assemblage zone contains
the largest amount of agglutinated species, with the highest peak in the uppermost sample
(28%). Most of the agglutinated foraminifera are ®&eophaxspecies. The overall
concentration of benthic and planktic foraminifera fluctuates. An increase in concentration

of benthic foraminifera is observed within the top samples.

The high relative abundance 6f reniforme, E. excavatuamd l. norcrosssuggest icalistal

to ice-proximal glaciomarine conditions (see Benthic foraminifera The dominance cE.
excavatumindicate colder bottom water along with a decrease ofrsgli High precentages

of E. excavatunfurther suggests harsher conditions, probably related to more extensive
seasonal ice cover, waters with high turbidity, high sedimentation rates and increased glacial
activity Hald & Steinsund, 1996; Hald & Korsufi97; Jennings et al., 2004; Rasmussen &
Thomsen, 2014). The occurrencefneoteretisuggest continued inflow of Atlantic water,
however the decrease df. reniforme along with the increase d&. excavatumsuggest a
reduction of the inflomPolyak etal., 2002).The occurrence ol. labradoricaogether with

I. norcrossand Buccellaspp reflect high organic fluxes to the seabed. This suggests the area
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was under the influence of a front system with seasonally sea ice cover and high productivity

environments related to the ice margin (Polyak & Mikhailov, 1996; Zajaczkowski et al., 2010).

In the upper 15 cm of the zone, record a return to a modern day foraminferal distribution with
a dominance ofE. excavaturmand C. reniforme along with a high amountfahumber of
foraminifera per gram.The high abundance of agglutinated forms suggest corrosive bottom
waters caused by brines, or high productivity and thus increased organic material in the

bottom sediments (Rasmussen & Thomsen, 2014).

Stable isotope analysis on oxygen and carbon isotopes of the benthic foraminifera sampled
from key core NPOB.1t49GC are presented as continuous plots againstfagéhe upper

185 cm of core, where sufficient foraminiferal material was avélétr analysis (Figure B3).
TheinfaunalN. labradoricaandM. barleeanusecord the pore water temperature and salinity
changes. The epifaun@l. lobatulugecord bottom water temperature and salinity changes.
Discussion and interpretation of the stabisotope record, along with comparison to other

proxies, are done iii. Discussion andd@relations

The WO values (ice volumeorrected; Figure 38) measured on the epifaundl. lobatulus
are oscillating and low (2B Xfi:+ $A 650 and 11300 cal. yr BP. The infaurisl
labradoricavalues oscillate between 3t8X7: & @& o 3]A 0C ¢35 0 v 83Z U %o %o
BP. Thevalues in theoverlapintervalbetweenM. barleeanusandC. lobatuludetween 11600
and 11300 cal. yr BP display correlative oscillations. The infalalbarleeanusshow
Jv & <]JvP A op e+ (E}u iX6 8} dX0: pvsd]o 6iii oX CE WX

(JE 3Z A op e+ 3 Jo]l v (op 8p 8§ +0]PZ30C JArBRIX0 v

The measuredwW?Cvalues(Figure 518) on theepifaunalC. lobatulusare relatively high (0.G
1.2) between 12650 and 11300 cal. yr BP. The measurement @fC are done to obtain
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information of the water mass veitation through time. AdN. labradoricaand M. barleeanus
are infaunal and therefore record information of pore water, theffCvalues are not further

discussed.

Figure 5.8: Left graph display the stable oxygen isotope record measure@ibitidesdbatulus,

Melonis barleeanusind Nonionella labradoricaf the top 185 cm of core NPQ51t49GC plotted
against ageCibicides lobatulus displayed in yellowMelonis barleeanus dark blue andNonionella

labradoricain green. Right graph display stabkrbon isotope record measured @ibicides lobatulus,
Melonis barleeanusind Nonionella labradoricaf the top 185 cm of core NPQ51t49GC plotted
against ageCibicides lobatuluss displayed in greyWMelonis barleeanusf orange andNonionella

labradoricain light blue.
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6. Chronology

6.1 Correlation of radiocarbon dates

High precision dating is important to get the timing of observed events in a data set. In
addition, high precision dating is needed to get an accurate correlation between difiggiant

sets.

Four accelerator mass spectrometry (AMS) radiocarbon dates, obtained from the coré NP05
11t49GC, make up the basis for the chronolajythis core (Table 6.1). THeALIB 7.0.4
program (Stuiver & Reimer, 1993) and the calibration curve Marin®&Bner et al., 2013) is

used to calibrate from radiocarbon dates to calibrated years before present.

Table 6.1Results of radiocarbon dating of core NRO5t49GC.

Lab Radiocarbon Cal. Yr BP Cal. Yr BP

code Depth (cm) i i % Dated material
UBA

30512 35 2091+33 154411656 1600+56 Foraminifera
UB

17202 87 6578+40 696917112 7041+72 Nuculaspp.
uB

17203 127 8045+44 838918499 8444+55 Nucub spp.
UBA

30513 181 11,000+£56 12032t12174 12.103+71 Foraminifera

OXiXT Z}] }( E « ER}MbMHol®teney P
Choosing a reservoir age for an area and a time period before dating a sample is difficult and

debated (see 3.49.3 Marine reservoir effect and calibration Mangerud et al. (2006)
}Jvop «38Z383Z E + EA}E P vRXaze ldEud]dnd tomg (lepeddantP
The sea surface reservoir age is 360 *+ 20 years along the west coast of Norway (Bondevik et

al., 2006; Mangerud et al., 2006).

dZ 3ov8] K vPZAopue+AE]l*U Vv Vv]vE « VIESZA E o
observed (Mangerud & Gulliksen, 1975; Eiriksson et al., 2004; Bondevik et al., 2006; Mangerud
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et al., 2006. Mangerud in Mangerud et al. (2006) recommend using the same reservoir age

v PZ (}& 82 E}E&SZ S0 vsS] v §Z E vSeimMMaXgéudetlde v v }
~7110e }v op e« 8Z 8 8Z PZ A opu e o}vP 3Z E}EA P]v } 8 CE
increase northwards. Though the results of the study are based upon few dates, the results
show a clear trend of increased reservoir age for thall&rd area. Gulliksen and Bondevik

ZvVv suPP «8 PZ }(iiAFI1d (JE SZ "Ao E E (}E » u%o0 » s

Pz }( iii F 18U o}vP A]l]§Z @& « EA}JE P }(i0iF 1iU ] 8Z E (
of the samples UBL7202, UB17203and UBt30512 of Holocene age.

A study from the west coast of Norway by Bondevik et al. (2006) revealed an increase of the
sea surface reservoir age during the early Younger Dryas to 600 years féorAft€r 900

stable years, the reservoir age dropped by 300 years within a century across the Younger
DryastHolocene transition. Another study by Bard et al. (1994) also detect increased reservoir
ages in the North Atlantic during the Younger Dryas of tB0800 years. This is caused by a
decreased rate of North Atlantic Deep Water formation, making it half as efficient as today.
The reduced advection of surface waters to the North Atlantic, together with the presence of
sea ice for at least half of the yenorth of 50° and changes in the positioning of the polar
front, causes the increase of the reservoir age (Bard et al., 1994). Sea ice prohibits gas
exchange at the oceaatmosphere interface, leading to a slower mixing4 into the ocean
(Bowman, 1990 Thus, the reservoir age is closely related to changes in ocean circulation in
the North Atlantic. Colder periods have higher reservoir ages, while the warmer periods with
greater ocean ventilation and circulation, show a lowering of the reservoir agedé®ik et

al., 2006).

The Younger Dryas on Svalbard was characterized by polar surface conditions with extensive
sea ice cover and diminished Atlantierived water inflow (lubowska et al., 2005). Due to

the fact that reduced advection of surface watarsd an extensive sea ice cover increased the
North Atlantic reservoir age, it is likely to assume an increase of the Younger Dryas reservoir
age for the Svalbard area. However, similar studies are lacking from the Svlbeedts Sea

area, which makes theeservoir age here unknown (Rasmussen & Thomsen, 2014). Based on
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the studies by Bondeviketal (20U @& « EA}JE P }( d8ii F1i v Pz }( iin
for the sample UBB0512 of early Younger Dryas age. This is further discussed in chapter 7.4

Younger DryatHolocene Transition)

The CALIB 7.0.4 program (Stuvier & Reimer, 18%8jhe calibration curve Marine 13 (Reimer

et al., 2013) is used to calibrate the radiocarbon dates to calibrated years before present. The

program uses a global average reservoir age of 408 years, however the reservoir age of 360 £

it ¢ &+ v 108 Z 24(is used for the dates of Holocene age. The difference is corrected

(JE C - 83]vP 8Z Pz 8} i6 C @&+ (}E -30542 dEYdUHgeXD&ISE * U %o
PUSZ &« EA}E P }(diI1i FIIC E- v PZ }(corfeckedid ] pe

(& C « §S]vP PZ 8§} 166 C €&+ (}E o] & S§]}vX

All of the four dates has values well within the highest probabilitydnge. Based on the
calibratedprobability graph, the age with the highest probability is chosen. An age model is
created based upon the four calibrated ages and by assuming a linear accumulation rate

between the dated levels (Figure 6.1).

Figure 6.1:Age model for core NPG%1t49GC with dated levels in calibrated years before present
plotted against depth. Theumbers next to the graph show the average sedimentation rate (cm/kyr)
between the dated levels.
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The sedimentation rate, accumulated centimetres of sediment per 1000 years, is calculated
for each datedinterval (Table 6.2). Thaverage sedimentation rate for the core is 18.68
cm/kyr. The sedimentation rate is lowest in the 163041 Cal. Yr BP interval. The highest rate

of sedimentation is observed in the first 1600 years of the core (21.88 am/kyr) and between
704118444 Cal. Yr BP§51 cm/kyr)

Sedimentation rate for the dated intervals of core NRDbt49GC.

Age
inte?val Depth interval| Sedimentation rate
(Cal. Yr. BP (cm) (cm/kyr)
0-1600 0-35 21.88
16007041 3587 9.56
7041-8444 87-127 28.51
844412103 127-181 14.76
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7. Discussion and correlation

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 withm different time intervals from the deglaciation to the present. This is done to
reconstruct the Late Weichselian deglaciation and 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 Sea, Barents Sea

and the Svalbard margin.

Core NP0%11t49GC make up the basis for this thesis. Interpretation of the lithostratigraphy
and the chronology of the core is mainly basedanalysis done on this core. The two other
cores, NP5@11t51GC2 and NP(%1t84GC2, are included fothostratigraphic analysis. This

is done to get an enhanced understanding of the depositional environimehe Erik Eriksen

Strait and Kvitgya Trough.

Streamlined megacale glacial lineations (MSGL), crag and tails and incised channels in hard
bedrock were described by Hogan et al. (2010 a and b) from the Kvitgya Trough and Erik
Eriksen Strait as being mioced at the base of the SBIS as it occupied the troughs and reached

out to the northern Barents Sea shelige Geel.2.2 Previous studigs

The diamictic units (B1, D2 and B3) from the three investigated cores are all-swgipgrted,
but vary in degee of compaction andlast abundance (Figure& 511, 513). Similar poorly
unconsolidated diamicts of different thickness from the Erik Eriksen Strait and KVitaygh
are described by Hogan et al. (2010a and b). The three diamicts cores are babregenfic
material, which suggest deposition in cold climatic and harsh glaciomarine conditions with
lowered productivity and possibly high dissolution (Steinsund & Hald, 1994; Hald & Korsun,

1997). Several processes can lead to the formation of a diamiatglaciomarine environment
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(Hogan et al., 2010b). Such processes are direct subglacial deformation and deposition under
grounded ice, subaquatic debris flow deposition and rainout of IRD deposited in a sandy mud
or muddy sand matrix (Dowdeswell et d1994; Hambrey & McKelyey, 2000; O Cofaigh et al.,
2005; Hogan et al., 2010b).

Hogan et al (2010b) questioned if the looseness and high porosity of the diamicts contradicts
direct subglacial deposition from grounded ice. The unconsolidated rmaipported
diamicts observed in the middle part of the Erik Eriksen Strait and at the southern head of the
Kvitgya Trough, unit D2 and B3, are therefore interpreted tthigeresult of rainout of IRD in

a glacierproximal setting during deglaciation. This is furtlseipported by the seismic data
displaying a largscale somewhat homogenous and smooth sealsedl an underlying
relatively smooth, but distincsub-bottom reflector correlatingwith the observed diamicts of

the two cores(Figure 5.3 and 5.4).

Diamict Blwas retrieved from an acoustically transparent lob&bem in at the southwestern

head of the Erik Eriksen Strait (Figure 5.2). This diamict is slightly more consolidated compared
to the diamicts from the middle part of Erik Eriksen Strait and southermy&iTrough. It
comprises most of core NP®5L t84GC2. Similar wedgerms are found in the southwestern

head of the strait. The forms were described by Hogan et al. (2010&)gasunding zone
wedgeformed during a glacier front stifitand as the SBIS ited and retreated eastward
through the trough (Figure 7.1). Comparable subglacial deposits, termed grotzwlieg
wedges, are found on other glaciated continental margins (Evans et al., 2005; O Cofaigh et al.,
2005).Based on the wedging geometry, acouadtiansparency, and poorly sorted sediment
composition it is possible to assume that unit B1 is sughounding zone wedg®eglaciation

of Arctic shelves occurs either rapidly by floating and brgalof ice, episodically by still
stands or by slow reti@ of grounded ice (Dowdeswaedt al., 2008) Grounding zone wedges

are often formed during a longer still stand oradvance of a glacier front (Dowdeswell et al.,
2008), and hence indicate an episodic retreat of the ice sheet at the southern headiriikhe
Eriksen Strait. The hummocky seabed andsottom reflectors situatedurther eastof the
wedgeform further suggest grounded glacial activity and are possibly recessional moraines
(Seeb.1.2 Core site NPQ@B1 t84GC2t SW Erik Eriksen Strajtas goundingzone wedges are
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often associated with moraine ridges (Bachelor & Dowdeswell et al., 2015). However, more
seismic and bathymetric analysis are needed to determine the origin if the hummocky seabed.
A 2000 to 3000 m thick ice dome is suggested teehzeen located over Kong Kalsnd or
southern Hinlopen Strait during the late glacial (Forman et al., 1995; Dowdeswell et al., 2010;
seel.2.1.1 Late Weichseliand figure 1.2. Such thick ice can further imply grounded warm
based glacial activity forimg groundingzonewedges during the retreat through Erik Eriksen

Strait.

Figure 7.1Schematic diagram displaying the position of a grounding zone wedge depositex] a
margin of an ice sheet withfoating ice shelf retreats through a trgh FromBatchelor &
Dowdeswell, 2015)

Groundingzone wedges, recessional moraines, debris lobes and oth@raemal landforms
produced in a melt watedominated environment during stiitands are absent in the Kvitgya
Trough. Hogan et al. (2010a) ggested that the absence of grounding events and an

icebergturbated sea floor suggestswift retreat through the trough by floating and break up
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of ice, rather than by the release of melt wat&lieiber et al. (2000) also observed this in the
Franz Victga Trough, where a lack of recessional moraines was interpreted to reflect
decoupling of the northern glacier bed during deglaciation, leading to a rapid retreat mainly
by the release of iceberg$his suggests that deglaciation was first rapid in thesiaiTrough,

closer to the shelf edge, before the retreat became more episodically with grounding events
in lower water depths further in on the continental shelf in the Erik Eriksen Strait. This is
further supported by the occurrence of laminated sequenaeunit C2 from the middle part

of the ErikEriksen Strait (seg.2 BgllingAllergd. Stiffdiamicts were not sampled in the three
investigated cores, or by Hogan et al. (2010b) from the Erik Eriksen Strait. An explanation for
this can be that a stiffediamict, formed by warm based active ice, resides underneath the

looser diamict formed by IREin out.

Little is known of how the SBIS could have altered the oceanography and the inflow of Atlantic
Water to the region. A physical blocking of the watemwf is possible, or the ice sheet may
have indirectly altered the ocean currents by isostatic suppression in the region, creating
seafloor bathymetric changes (Lubinski et al., 2001). Kleiber et al. (2000) suggests that the
marine-based nature of the SBI®ade it especially sensitive to sea level changes causing ice

sheet decoupling of the glacier bed and a rapid retreat.

As no dates are obtained from the lowest part of the key core NPD&9GC, due to the lack

of dateable material, estimations of the a@f the base of the core remains unconstrained.
Based on the lowermost date of 193 cal. yr BP at 185 cm, an assumption that the lowermost
part was deposited during the deglaciation is reasonable. Since sedimentation rates were on
average high for the v@lbardBarents Sea area during the deglaciation (Dowdeswell &
Elverhgi, 2002), the highest obtained sedimentation rate of the core of 28.51 cm/kyr is chosen
for the lower part of the core (Se&2 Age Modgl The maximum age of the core is, based on
the aeated age model, thus estimated to be approximatelyOD6 cal. yr BP. However, this

age is highly uncertain as it is possible that the lowermost diamictic unit potentially can be

slump deposits
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Figure 7.210g of core NPOB.1t49GCwith measured physical properties, grain size distribution andd®iht. Dotted lines mark time zone bordershe dbreviations YEH Transition
stands for Younger Dryas Transition and YD stands for Younger Dryas.
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TheBgllingtAllergd timeperiod is recorded as warmterstadialsin the Greenland ice cores
(Rasmussen et al., 2007). The period was characterized by a relatively strong inflow of Atlantic
Water, however still as a subsurface laydulpowskaWoldengen et al., 2008). This relatively
warm period resulted in a rapid retreat of the Svalb&arents Sea Ice sheet into the fjords
with turbid meltwater plumes causing a high sedimentation rate, and the deposition of

laminated fine clays (Jsesn et al., 2010).

Unit C2 of BgllingAllerad age above the diamict in core NRD5t49GC from the central part

of Erik Eriksen Strait is characterized by laminated mud with laminas displaying slight changes
of grain size and low magnetic susceptibilfygire 511 and 7.2).This is a typical sediment
facies deposited from sedimef@iden meltwater plumes in a glaciomarine setting (Hambrey

& McKelvey, 2000Rasmussen et al. (2007) observed laminated sediments of Bélllagzd

age, deposited under extreaty high sedimentabn rates, in Storfjorden Trough southeast of

the Erik Eriksen StraiDiamicts overlain by laminated sediments, deposited from turbid
meltwater plumes of BgllintAllerad age with a low IRD content, is furthermore found
northeast of thestudy area in the Franz Victoria Trough by Kleiber et al. (2000) and by
Duplessey et al. (2001). Kristensen et al. (2013) found a similar laminated sediment facies with
low magnetic susceptibility and IRD overlaying diamictic deposits from the unnameghtrou
east of Erik Eriksen Stralthe laminated muds with thin sandy interbeds of unit C2 is therefore

a typical sediment facies deposited in the northwestern Barents Sea corner as the SBIS

retreated.

The deglaciation and retreat became, as mentioned in The Deglaciationsubchapter,
episodically with stilstands in lower water depths further in on the continental shelf. This is
evident by the formation of the grounding zone wedge from the southwestern head of the
Erik Eriksen Strait. The laminated segcefound in unit C2 east of the wedge from the middle
and deeper part of the Erik Eriksen Strait may therefore represent the deposition of turbid

meltwater plumes from a nearby tidewater glacier margin located at the southern head of the
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trough. Similar lminated facies, between deglacial diamicts and pglacial muds, were also
observed from the deeper part of Erik Eriksen Strait by Hogan e al. (2010b). The rapid
deposition from glacial melt water plumes is indicative of a quick shift from glpooerma

to amore icedistal environment (Kristensen et al., 2013).

Unit B1 of core NPOB.1t84GC2, retrieved from the groundizgne wedge at the southern
head of the Erik Eriksen Strait (Figur)5lacks this laminated sequence. This can be due to
the bathymetric high the wedgéorm display in the trough, exposing the sediments to ocean
current erosion and prohibiting sediments to settle. This is evident by the shortghasial

mud overlying the diamict. Alternatively, it can suggest rapid retreat witlle imelt water
discharge of the glacier front as it left the southern head of the trodgte lack of a similar
laminated sequence in core NP3 t51GC2 from the Kvitgya Trough is interpreted to reflect
rapid glacial retreat governed by extensive icebeaffing rather than by the release of
meltwater. A lack of such an interval was also observed by Hogan et al. (2010a) from the

Kvitgya Trough.

Unit C2 from the central part of Erik Eriksen Strait is barren of foraminifera, which suggests an
environment nfluenced by cold climatic and harsh glaciomarine conditigeg5.2.4.2. Unit

C2. Based on the foraminiferal distribution in a study by Rasmussen et al. (2007) from the
Storfjorden slope and shelf in the southwestern Barents Sea, cold surface conelitbre
relatively strong influence of Atlantic water at the bottom were suggested to prevail during
the BallingtAllergd interstadials. Similar conditions with cold surface waters and a subsurface
inflow of Atlantic water is recorded in the unnamed troughst of Erik Eriksen Strait by
Kristensen et al. (2013), north of the Hinlopen Straitklmg et al. (2002) and by Hald et al.
(1999) from the St. Anna trougfihe strong inflow of Atlantic water brought along a flux of
warmth to the area (Kpet al., 2002. This led to a retreat of the SBIS into Spitsbergen fjords
(Jessen et al.,, 2010). Set in conjunction with the high sedimentation rates from turbid
meltwater plumes, it is likely that the inflow of Atlantic water similarly caused a rapid melting

of the SBS on the eastern side of Spitsbergen during the Balligrad interstadialsThis is
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also seen by the deglaciation of Murchinsonfjorden on Nordaustlandet at the end of the
BollingtAllergd interstadials by 12 650 Cal yr. BP (Kubischta et al., 2011).

Thecolder surface waters and the release of cold fresh meltwater could have led to enhanced
sea ice formation and reduced iceberg rafting. This is in concordance with low occurrence of
IRD in unit C2, and the other mentioned laminated sequences from thenBaBea area of
BallingtAllerad age. Alternatively, the higher sedimentation rate could possibly mask the IRD
signal. From 1200 cal. yr BP more IRD is deposited and found in unit C2 (Figure 7.2) in the
central Erik Eriksen Strait, suggesting increasgubsiéion of dropstones from either ice bergs

of sea ice. A study from the northern Svalbard shelflbjpowska et al. (2005) display similar
increased glacial influence towards the end of the Boliigrad interstadials with a

deteoriation of water bottom conditions due to further reduced inflow of Atlantic water.

The laminated muds overlaying diamicgpresent the minimum age of the glacial retreat

the strait (Dowdeswell et al., 2008). However, due to the lack of biogenic material from this
unit, its age is still unconstrainedhe upper and lower boundary of unit C2 of BgltifNdered

age is basedn visual description of the sediment, grain size distribution displaying a stronger
dominance of mud compared to the underlying diamict and an interval reflecting stable low
magnetic susceptibility values (Figure 7Based on the lowermost date of 1P3 cal. yr BP

at 185 cm, an assumption that the lower part was deposited during the deglaciation is
reasonable. Since sedimentation rates were on average high for the Svlasedts Sea area
during the deglaciation (Dowdeswell & Elverhgi, 2002), andldhgnated sediments are
interpreted to reflect high sedimentation rates and rapid deposition, the highest obtained
sedimentation rate of the core of 28.51 cm/kyr is chosen for the lower part containing unit C2
(See 6.2 Age ModelThe lower boundary of theaminated unit C2, bordering the diamictic
unit D2, is based on the created age model and assumed linear interpolation estimated to be
approximately 14100 cal. yr BP. This early Bglling age is in concordance with the age of
laminated sequences in the sties referred to earlier from the northwestern Barents Sea
corner.However, more dates enabling better calculations of the sedimentation rates of the

lower part of the core is needed to achieve a more accurate timing of the glacial retreat.

98



7. Discussion and correlation

The Younger Dryas, a period associated with cooling and glacial advances at the end of the
Late Weichselian glaciation, has been difficult to identify on Svalbard (Mangerud & Landvik,
2007; lubowska Woldengen et al., 200&;orwick & Vorren, 2009).

Most of the Younger Dryas sediments of unit B2 from the key core of the Erik Eriksen Strait
(Figure 511 and 7.2), is barren of foraminifera, which reflects a harsh cold environment with
low biological activity (seb.2.4.3.Unit B2). Kristensen et al. (2013) found similaalgparse
foraminiferal fauna and a low IRE)gnal characterizing the Younger Dryas stadial in the
unnamed trough east on Erik Eriksen Strait, which was interpreted to reflect very cold climatic
conditions unde almost permanent se&e cover. Rasmussen et al. (2007) recorded a
stronger Polar surface waters inflow with colder and less saline conditions compared to the
preceding BgllingAllerad interstadialén Storfjorden. Low abundance of IRD suspended in a
fine grained matrix is recorded several places along the Svalbard marginluleayvska
Woldengen et al., 2008). The extensive sea ice cover could have hindered deposition of IRD,
as multtannual and/or shorefast sei@e can suppress the drift of icebergs (Forwick & Vorren,
2009). This is in concordance with laminas being abselRDffromthe Younger Dryas unit.
However, laminadisplaying increased IRD deposition are also observed, and the IRD record
for the Younger Dryas in unit B2 is overall more varying compared to the preceding Bglling
Allergd intervalThis suggests that théounger Dryas was also was charactherized by seasonal
open waters.The increase of IRD can be due to increased iceberg rafting (Forwick & Vorren
2009). lubowsket al. (2005) andcg et al. (2002) also recorded seasonal open water during
the Younger Dryas from the shelbrth of the Hinlopen Strait. Aylacier readvance from
Nordenskioldkysten, eastern Svalbaddying the Younger Dryagas suggested byahdvik et

al. (1987) based on retarded isostatic rebound. This glacial loading suggests increased glacial
activity in the area, which is possibly reflected by the increased IRD flux observed in unit B2.

However, the IRD can also be seadeeived (Forwick& Vorren, 2009).

The sediments from unit B2 have been interpreted to reflect a glaciomarine and ice distal

environment. The higher sand and gravel content, along with several beds and pockets of
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different colours, suggests a multiple sediment sourcaitnp change of sediment colours
from Isfjorden at the end of the deglaciation were interpreted by Forwick & Vorren (2009) to
reflect input from individual glaciers surrounding the fjord. Release of icebergs from
individual tidewater glaciers, eroding thkfferent lithology of the nearby islandsee2.3
Bedrock geology could cause the deposition of the sediments of different lithology and
colour observed in unit B2. This suggests that the deposition was characterized byumnelt
from icebergs or sea ic&he strong IRBignal could be due to decreased accretion of
sedimentrainout from the water column caused by a widespread sea ice cover. This is in
concordance with the extensive sea ice cover, prevailing in the area during the Younger
Dryas, recordedYyKristensen et al. (2013). However, more dates are needed to obtain the
actual sedimentation rate of the unit. A multiple source input is also displayed by beds with
different colours, observed in thewest part ofpostglacial unit of core NP@%1t51GC2

from the Kvitgya Trough. Further geochemical analyses are needed to identify the origin of

the deposited sediments.
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Figure 7.3Number of planktic and benthic foraminifeper gram plotted against agBercentages of
agglutinated andhe mog common benthiccalcareous foraminifera plotted against agdabrivations
stand for: YBrounger Dryas, YiB-Younger DryatHolocene TransitionEH Early Holocene, MH

Middle Holocene, LH.ate Holocene.
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Figure 7.4Number of benthic foraminifera per graemd number of species pgram plotted against
age Percentages othe most common benthic calcareous rémninifera plotted against age
Abbrivations stand for: Y:-Wounger Dryas, YiB-Younger DryatHolocene TransitionEH Early

Holocene, MHMiddle HolocenelLH Late Holocene.
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The abrupt change from sediments almost barren of foraminiferaftyaminiferarich fauna
dominated by planktic forms and. neoteretisSrom 11 950 cal. yr BP tite end of the Younger
Dryas period, suggests an eaalyd stronginflow of Atlantic water in Erik Eriksen Straihd

an amelioration of the environmental conditions causing increased biological activity. The high
amount of planktic foraminifera togethewith a high abundance @. neoteretigFigure 7.3),
characterizing the transition, suggests an edeepening of the area resulting in a deeper
paleo sea level. When the SvalbdBdrents Sea Ice Sheet retreated and melted dutirey
deglaciation, waterldbwed over the still isostatically suppressed seafloor, which caused a
widespread transgression and deeper water depths (Foreman et al., 1987). This is in
conjunction with a high isostatical rebound registered for Kong Karls Land south of the Erik
EriksenStrait, easternmost Spitsbergen and Hinlopen Strait (Ingolfsson et al., 1995; Salvigsen

et al., 1995; Dowdeswell et al., 2010).

Both the planktic and benthic record of core key core NBA349GC points to an inflow of

chilled Atlantic water in a stratifee water column occurring in two steps (See 5.3.1.
Assemblage zone Cassidulina neoteretis and Islandiella norcrdsgjure 7.3 and 7.4). A two

step warming and transition from the Younger Dryas to Holocene is similarly displayed by
several records in @ SvalbareBarents Sea area and Nordic Seas (e.g. Bjork et al., 1996;
lubowskaWoldengen et al., 2008). The first step occurred between 11 85D 290 cal. yr

BP, and is displayed by a significant increase in relative abundarenaoteretisand C.
lobatulus along with planktic species and the maximum absolute aburelafcbenthic
foraminifera. The rapid increase indicates a swift termination of the Younger Dryas stadial and
a change to warmer bottom water conditions with retreating polar wate€sssidulina
neoteretisfollows chilled Atlantic Water and is often found & stratified water column
possibly overlain by sea ice (Hald et al., 1999). The significant peak of benthic foraminifera
indicate a significant increase of the biological activity, and/or reflect increased preservation
due to sea ice cover. The increasearly, starting at the end of the Younger Dryas around 12

200 cal. yr BP. Rasmussen et al. (2007) recorded a similar increase marked by a maximum
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abundance of subpolar planktonic species interpreted to reflect a strong inflow of Atlantic
Water at the el of the Younger Dryas in Storfjorden. A swift termination of the Younger
Dryas, by increased inflow of Atlantic Water, and the return of the Polar Front were observed
on the shelf north of Hinlopen Strait byubowska et al. (2005). The warming was rather
reflected by the inflow of chilled Atlantic water, than the rise of temperatulael{iowska et

al., 2005, Kubischta et al., 2011).

The Younger DryatHolocene Transition is characterized by generally high,floatuating
abundance of IRD in unit B2 (Figure 5.11 and 7.2). The maximum amount of IRD is deposited
at the same time as whe@. neoteretislominates the fauna. A possible explanation for this

can be that the inflow of Atlantic water lead to glacialrestt and increased iceberg rafting.
However, the IRD can also have been deposited by sea ice (Dowdeswell et glFdr9ddk

& Vorren 2007). A distinct IREpeak at 11 500 cal. yr BP, before the amount of IRD declines,
can represent rapid retreat of nelay glaciers causing a strong RiDnal. Thereafter only a

few icebergs melted over the site. This correlates to the increase of dropstones at 11 700 cal.

yr BP observed by Kristensen et al. (2013) from the unnamed trough east of Erik Eriksen Strait.

The WO values (ice volume corrected) measured on the epifadhdbbatulusre oscillating

and low (2.271XfA:e PE]VP §Z §&5.4.4] Ddseriptiond?O values Figure 7.5).
Lower values can be due to an increase of temperature, which is in comuardeith the
higher abundance of planktic foraminifera ad@d neoteretis However, the low values are
unlikely to solely reflect a rise in temperature (Lubinski et al., 2001). Freshwater input due to
melting of ice sheets during deglaciation lower thersgliof the water masses, and thus the
WPOvalues. A modest increase of temperature can be the cause of the low#@dhowever

the decrease is more likely a result of increased fresh water iftpald et al., 1999; ubinski

et al., 200). This is supported by the observed hightC (Figurés.18), which is indicative of
prominent water mass ventilation. The observed higher and varying amount of IRD during the
transition correlate with lower#O values, which further suggests glacial melting, causing

release of icebergs and fresh meltwateto the hydrological system. Low and decreasiti§)
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values were also recorded by Kristensen et al. (2013) from the unnamed trough at the end of
the Younger Dryas between 11 7@0d 11 000 cal. yr BP.

A short cooling lasting approximately 150 yearsinipts the warming, albeit based on only
two measurements. The cooling is reflected by a drop of IRD, an increase in peréagnt of
reniforme and a rapid decrease of Atlanticater indicating species (see. Benthic
foraminiferg). Similar short cooling evenare recorded from the Barents Sea and is termed
the PreBoreal Oscillation (se&.2.1.4 Holocene The oscillation is related to melt water
discharge of retreating ice sheets (Hald et al., 1998). A freshening of the waters in Erik Eriksen
Strait is refécted by the slight increase in percent@freniformet the expense dahe species

C. neotereti@nd C. lobatulusyhich thrives in slightly higher salinities. A drop of IRD and an
increase ofS. loeblichiirom Kongsfjorden were interpreted teflectincreased sea ice cover
during the PreBoreal cooling. The Pisgoreal Oscillation is also observed on the shelf north of
the Hinlopen Strait by theeterioration of the climate by the return of the Polar Frdoyt K

et al. (2002) andlubowska et al. (2005Exact pinpointing of the length of the interval from

Erik Eriksen Strait requires a record wathigher resolution.

The second step occurs between 11 020 and 10 750 cal. yr. BP. Maximum relative abundances
of I. norcrossand M. barleeanus suggests renewed inflow of chilled Atlantic water. Similar
assemblages dominated kY. labradoricaand |. norcrossiare recorded on the northern
Svalbard shelf bylubowska et al. (2005), which situates the Polar Front near the Hinlopen
Straitduring the second warming. The species are interpreted to reflect higher salinities and
probably warmer bottom watersl. norcrossiypically take advantage of iesdge algal blooms
(Steinsund et al., 1994). This imply that the core site was situatedsa proximity of a front
system, probably a bit further north, leading to increased ventilation in a-mieded water
column, which is in concordance with the high&?fC values indicating a high ventilation of

water masses
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The sediments of the lower part of unit A2 are strongly dominated by mud, winittates a
relatively weak ocean current regime, allowing fines to be deposited (Reading, 1986).
However, the highelative abundance of. lobatulugogether with a slight occurrence .
gallowayipoints to stronger bottom currents between 11 900 and 11 300 cal. ymBRh is

in concordance with the increase of the deposition of sand. The sediment colour
characteizing the period is constant greyish brown, which is similar to the-glastial units

of the two other cores NPOB4GC and NP@51GC. This ia transformationfrom the more
frequent changes of colour and compaction observed during the Younger 8iagel. The

few changes indicates a more stable depositional environment with little variation of sediment
source input and relatively stable ocean current activity. This is similar to observations from
Erik Eriksen Strait and Kvitgya Trough by Hogan etGil0(2and b), which interpreted the
post-glacial sediments to be accretion of suspended sediments in a glaciomarine environment
with dropstones suggesting occasionalraéted debris depositionThe observed increase of
Atlantic water inflow brought alon@ flux of warmth to the area that could initiatde
deglaciation of Edge and Barentsgya east of the Erik Eriksen Strait at the end of the Younger
Dryas period (Landvik et al. 1995;cket al. 2002). Hogan et al. (2010b) suggesthat
grounded ice had teeated from south of Nordaustlandet by 11 700 cal. yr BP. Elverhgi &
Solheim (1987) suggests a glacial retreat to an onshore position with only minor outlet glaciers
present by 10 600 cal. yr BP. The glaciomaringlis&l environment characterizing tHerik
Eriksen Strait and Kvitgya Trough after the Younger Dryas stadial is therefore in concordance
with the retreat of glaciers onto the nearby islands. The observegpliR at 11 500 cal. yr

BP can represent the end of the deglaciation with a final adtoé the nearby glaciers.

Cassidulina neoteretis usually associated with Holocene records from the SvalBardnts

Sea area (ubowska et al., 2005; Kristensen et al., 2013). The early appearence of this species
and the general higher biological productivity concomitant with the inflow of Atlantic water
during the transition raises the question whether these assemblages ararlyf idolocene

age; a period associated with increased temperatures and improved climatic conditions
leading to increased biological activii{utzbach & Guetter, 1986; Svendsen & Mangerud,
1997; lubowskaWoldengen et al., 2008 The boundaries between dadime-period are

based upon the age model and the correlation between foraminiferal, physical and
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sedimentological data. The boundary between the Younger Dryas Period and the Younger
DryastHolocene Transition is placed at 11 950 cal. yr BP due to thermaxabundance of
planktic and benthic species. This can indicate that the obtained date at 181 cm, giving a
Younger Dryas age of 193 cal. yr BP, possibly is slightly old. This is also in concordance with
a later increase of. neoteretig. 10 600 calr BP in the Franz Victoria Trough (Lubinski et al.,
2001).The obtained date is from the top part of unit B2, just above an interval containing
sandy beds and pockets, which could indicate the sediments is slightly reworked causing
dating uncertainties. fle early inflow of C. neoteretis and planktic foraminifera can be
explained by that a glackdostatic induced deepening, as postulated by Lubinski et al. (2001)
from the Franz Victoria Trough to be an important factor in paleooceanographic
reconstructiors. A lowered seafloor could have facilitated a stronger inflow of Atlantic water
as a subsurface layer at the end of the Younger Dryas wieeapicontinental Barents Sea

was still suppressed due to the glacial loading of the SBIS.

Colder periods have higr reservoir ages, while the warmer periods, with greater ocean
ventilation and circulation, show lawering of the reservoir age (Bondevik et al., 2006; See
OXiXi Z}] }( & « EA}YJE P v )BhcEhEYapper®ryEs odSyalbard

was characterized by polar surface conditions with extensive sea ice cover and diminished
Atlantic-derived water inflow (lubowska et al., 2005), it is likely tesume an increase of the
Younger Dryas reservoir age for the Svalbard area. A higher reservoir age of 400 years, as
recommended by Bondevik et al. (2006) for the Norwegian coast during the Younger Dryas,
was therefore chosen for the date at 18m (Seé.Chronology) However similar studies are
lacking from the SvalbariBarents Sea area, which makes the reservoir age here unknown
(Rasmussen & Thomsen, 2014). The northwestern Svalbard corner is today cooler and more
subjected to sea ice formation than thesstern side. If a similar difference prevailed during

the Younger Dryas, it is possible that an even higher reservoir age should have been chosen

for the Younger Dryas date, resulting in a slightly younger date.
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Figure 7.5Stable oxgene isotope record (measured dlonionella labradorica, Melonisbarleeanus
and Gbicideslobatulu) of core NPOBL1t49GC from Erik Eriksen Strait plotted against age. The time
zone abbreviations stand for: Younger Dryas, YiB- Younger DryatHoloceneTransition, EH

Early Holocene, MHMiddle Holocene and L-HLate Holocene
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The early Holocene was a period characterized by increased summer insolation and a
significantly warmer climate than today. The pekiis widely registered in the Nordic and
Barents Sea, and the warming is referred to as the Early Holocene Climatic OpKuotubath

& Guetter, 1986; Svendsen & Mangerud, 1p9he rapid decrease d¢f norcrossin the Erik
Eriksen Strait prior to therset of the early Holocene, suggest a northward retreat of the Polar
front (Figure 7.3). This is in concordance with studiediyowska et al. (2005) and &et al.

(2002) from the northern Svalbard margin, which places the Polar Front at the northern
Swalbard shelf during the Early Holocene due to increased abundandé tdbradorica
Islandiella norcrossind planktic foraminifera thrives in deeper water (Steinsund et al., 1994).
Their reduction at the onset of the early Holocene suggests a loweritinge gfaleo sea level.
Kubischta et al. (2011) suggests a paketer reduction from c. 140 to 110 m in the Hinlopen
Strait during this time, and Salvigsen & Mangerud (1991) recorded the highest marine level of
55t60 m around 100 cal. yr BP in Agardhbakteastern Spitsbergen. This is probably
caused by a crustal uplift of the sea floor, rather than an increase of the global sea level. This
is, as mentioned previously, in concordance with the high isostatic rebound of the area, which
is closely connectetb the deglaciation process with reduced glacial loading (Nagy, 1984;

Ingolfsson et al., 1995; Salvigsen et al., 1995; Dowdeswell et al., 2010).

The dominance of fine sediments recorded for the period, which is displayed in unit A2 of the
key core NPOBL1 t49GC (Figure Bl and 7.2) and the posglacial units of the two other cores,
suggests an environment little influenced by strong ocean currents§2e&4. Unit AR The

IRD content drops prior to the early Holocene, and subsequently almost disapddes low
amount of IRD and sand suggests a transition from aprioceimal setting to increasingly ice

distal conditions. This is in concordance with the Holocene mud unit, containing scattered
dropstones interpreted to reflect similar igdistal conditons in a glaciomarine environment,
described by Hogan et al. (2010a and b) from the Erik Eriksen Strait and Kvitgya Trough. The
high abundance of mud and low IRDntent suggests reduced iceberg rafting probably due

to a minimum extent of the nearby islasdjlaciers during the Holocene Climatic Optimum.

This is in accordance wittlverhgi & Solheim (1987) suggesting a glacial retreat to an onshore
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position with only minor outlet glaciers by 10 600 cal. yr BP, lamadvik et al. (1995)
suggesting recedingatiers on Edgegya and the establishment of modern flora of the area

just prior to the Early Holocene.

The foraminiferal record (Figure 7.3 and 7.4) from the Erik Eriksen Strait display a clear shift
with a significant increase @. reniformegdominatingup to 80% of the total fauna, and a
relatively high absolute number of calcareous benthic foraminif@assidulina reniformes
typically found in areas affected by Atlantic water and is associated with the warmer part of
the Holocene, where it indicatean icedistal glaciomarine environment as described for the
Northern Norwegian shelf by Hald & Vorren (198Rglatively high absolute number of
calcareous benthic foraminifera together with little IRD implies higher primary production and
points to open vater conditions with reduced sea ice cover and a strong inflow of Atlantic
water. This is correlative with studies by Kristensen et al. (2013), which correspondingly
detected an Early Holocene characterized by high productivity w@hraniformedominated

fauna and scarce amounts of IRD in the unnamed trough east of Erik Eriksen S@ait. A
reniformedominated fauna is also correlative with the faunas studied by Lubinski et al. (2001)
from the St. Anna and Franz Victoria Troughs andlblyowska et al.Z005)from north of the

Hinlopen Strait.

Introduction of the opportunistic specids. excavatuntogether with the decrease in relative
abundance ofC. reniformepbserved throughout the zone, suggest conditions became less
saline and coolerElphidium exavatum is often related to the Late Holocene record on
western Svalbard margins (edubowska et al., 2007). The early introduction of this species
after the deglaciation is also observed by Hald et al. (1999) in the St. Anna trough, and indicate
a cooler Early Holocene Climatic Optimum in eastern Svalbard, compared to western and
southem Svalbard records. However, high amount of planktic species observed in the
unnamed trough east of Erik Eriksen Strait suggests a warming of the surface waters and a
strong inflow of Atlantic water during the Early Holocene (Kristensen et al., 2013)h \ghic

also observed on the western and southern Svalbard margins (elgpwska et al., 2005;
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JlubowskaWoldengen et al., 2007; Rasmussen et al., 2007; Jessen et al., 2010; Rasmussen
and Thomsen, 2015).

dz ]Jv & +OMalwes (Figure 7.5) can be due to lowered temperatures or increased
salinity. However, high valuésgether with the dominance df. reniformemply that the rise

} ( 0O values are caused by inflow of saline, chilled Atlantic water. This is in concordance with
§Z B@record from the Franz Victoria Trough, which displayed a cool start of the Early
Holocene followed by a warming from the subsurface to the bottom due to increased inflow
}J( 830 v3] A 8 E ~ pu% o0 «C 189 valuetlard alisoXecqrdet! from the St. Anna
Trough during the Early Holocene by Hald et al. (1999).

The midHolocene sediments are, as the Early Holocene sediments, dominated by the
deposition of mud displayed in unit A2 of the key core NRQ349GC, suggesting accretion

of sediment rairout from the water column with littlenfluence by strong ocean currents
(Figure 511 and 7.2; Se&.2.4.4. Unit A2)This is correlative with the mud dominated post
glacial units of the two other cores, and postglacial units found by Hogan et al. (2010a,b) from
the Erik Eriksen Strait and Kaya Trough.

A drop of the absolute abundance of benthic foraminifera and especially a reductign of
barleeanusand E. subarcticumis observed at the start of Midolocene at 8300 cal. yr BP.
dZ &E}% ]+ o°+} }EE HOsiehordAiahzthsAik Eriksen Strait, displaying a

E + ~&]JPUE O6XieX d¥]evaluesisis eithérn caused by a temperature
increase or a reduction of salinity (Lubinski et al., 2001). The observed incredse of
excavatumat the expense o€. reniformesuggests a reduction of salinitythe foraminiferal
record together with the WO record thereforedisplay a sudden and lasting decrease of
salinity. The event is correlative with a climatic cooling event registered in Greenland ice cores
and is referred to athe 8.2 event (Rasmussen et al., 2006). The 8.2 event is suggested to be

a result of fresh meltwater release from the final collapse of the Laurentide Ice sheet, leading
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to a cooling (Broecker et al., 1992; Andrews et al., 1992). It is correlative mithoa increase

of IRD. The slightly older age observed in the investigated key core may be duenomdegle
uncertainties or too low sampling intensity and herad®o low resolution to exactly pinpoint

the event. A cooling event, although the timing diff slightly, is similarly displayed in several
foraminiferal records from the Svalbard and Barents Seaareglu]o E & S Were}( w
observed by Kristensen et al. (2013) from the unnamed trough east of Erik Eriksen Strait during
the Early Holocem between 8600 and 7600 cal. yr B¥ abrupt change is displayed by the
foraminiferal fauna in the St. Anna Trough by Hald et al. (1999). The Franz Victoria Trough
foraminiferal record display a cooling between 8260850 cal. yr BP (Duplessy et al., 200

Hald & Korsun (2008) found two cooling events in Van Mijenfjorden on western Spitsbergen

dated to have happened between 82Q®450 cal. yr BP.

The cooling and decrease of salinity is in concordance with the increase of the relative
abundance oE. &cavatumat the expense o€. reniformdn the key core from Erik Eriksen
Strait, asE. excavatunprefers slightly lower salinities thab. reniformeand itdominates in a

pure arctic environment with the presence of siea and high turbidity and high
sedmentation rates (Steinsund et al., 1994; Hald & Steinsund, 1996; Hald & Korsun,A997).
decrease ofC. reniformeand an increase oOE. excavaturmalong with a reduction of the
absolute abundance of benthic foraminifera is in concordance with the Earbgéfad fauna,
displaying an increase &. excavatumfrom the unnamed trough (Kristensen et al., 2013)
This distribibution pattern resembles most other Holocene records from the Svalbard and
Barents Searea(e.g Lubinski et al., 1996; Hald et al.,1999plBssy et al.,2001; Rasmussen

et al., 2007; Kubishcta et al., 2011), and is in concordance with a gradual cooling following the
Holocene Temperature optimum into and through the middle and Late Holocene observed in
the aforementioned studiesThe coolingand reduced salinity is probably due to a decrease in
the inflow of Atlantic waterwith an increase of Arctic surface water and more extensive

seasonal sea ice cover.

Anincrease ofC. neoteretimlong with high percentages &. reniformeand the stabikation

of the WO values from 7600 cal. yr BP, observed in Erik Eriksen Strait indicate renewed and
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stronger influence of Atlantic water. Ameliorated conditions by an increa<e. ofeoteretis
and higher concentrations of benthic and planktic foraminifera were alsorded in the
unnamed trougheast of Erik Eriksen Stréétween 7600 and 6500 cal. yr BP by Kristensen et
al. (2013)

The transition from mieHolocene to the Late Holocene is marked by an increase in thtves
abundance orkE.excavatum (Figure 7.3yhe species abundance is seen increasing during the
Late Holocene, and its dominance suggest harsher conditions with high turbidity and
increased sedimentation rates (Sde2.2 Elphidium excavatunforma clavatum). This is
further supported by the decrease &. reniforme indicating decreased salinites due to
reduced inflow of Atlantic water and a dominance of Arctic watétewever, the presencef

I. norcrosstogether with C. reniformeindicates a continuednflow of Atlantic water as a
subsurface layer (ubowska et al., 2007)Y.he observed increase Bf Excavatunmglong with

a slight increase of IRD and sedimentation rate is correlative to the Late Holdtene
excavatumdominated fauna recorded by Kristiensen et al. (2013) from the unnamed trough
east d Erik Eriksen StraiElphidium excavatuns seen increasing in numerous Late Holocene
records from the Barents Sea, around Svalbard and the Greenland shelf (Hald et al., 2004;
lubowska et al., 2005;lubowskaWoldengen et al., 2007; 2008; Skribekk et &010;
Rasmussen & Thomsen et al., 2014). This is interpreted to reflect a regional general cooling
and a paleoenvironmental shift due to a return to more polar conditions (Kristensen et al.,
2013).

The relatively high abundance Biiccellaspp. and\N. labradoricaobserved in the Erik Eriksen
Strait from this time is also indicative of a glacimarine environment affected by Atlantic water
(Figure 7.3 and 7.4; Hald & Korsun et al, 1997). These two species are often found in Late
Holocene faunas dominatdaly E. excavatunand C. reniformgJennings et al., 2004), such as

the observed Late Holocerdauna from Erik Eriksen Strait. Both species, together With
norcrossithrives in areas with high seasonal productivity related to ice marginal zones (Polyak
& Mikhailov 1996; Kristensen et al., 2013). The increase of these species at the start of the

Late Holocene suggests increased sea ice cover and a southward migration of the Polar Front,
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which is also recorded in the unnamed trough east of Erik Eriksert Bgr&iristensen et al.
(2013). Higher primary production provides sufficient food for the benthic environment and
can explain the rise of total abundance of benthic foraminifera during the latest part of the
Holocene. This increase can also be due téelitissolution as the sediments are young.
Duplessy et al. (2001) found a similar Late Holocene assemblage displagthgtion ofC.
reniformeat the expence ok. excavatum, Bucceltgpp. andN. labradorica interpreted to
reflect temperature decreasaffecting the whole water column and a southward shift of the

summer sedce margin.

The period is characterized by similar benthic oxygen isotope values as the Mid Holocene, with
(op Sp 8]}ve Eluv u v A op }( 8Xi : ~&]PraBoweXifhaXtheZ A op
early Holocene and supports the foraminiferal assemblages reflecting cooler climatic
conditions and decreased salinities. Lower values are similarly found in Late Holocene records
from the Franz Victoria Trough by Lubinski et al. 2004¢ reduction of Atlantic water inflow

]*%0 C C sz v3Z] ( pvevales, Gugmpst andss stratified water column.

The Late Holocene sediments from the three investigated cores (Figy®H., 513) have a

similar colour and consts mainly of mud with occasional scattered sand pockets and
dropstones. The similarity implies that the cores from Erik Eriksen Strait and KVitmygh

were subjected to a similar depositional environment during the Late Holocene. Similar mud
units, with scattered IRD, resembles the postglacial interval associated witAcsea
sedimentation, high productivity conditions and currerddistributed sediments found in Erik
Eriksen Strait and Kvitgya Trough by Hogan et al. (2@1@ b), and other recordérom the
north-western Barents Sea (Elverhgi & Solheim,1983; Polyak & Solheim, 1994). The unit is
suggested to be accumulation of suspended sediments in a distal glaciomarine environment
and is a typical sediment facies for Barents Sea shelf depressidrisgli et al., 1996). The

slight increase of IRD at the end of the Late Holocene is in concordance with a small increase
of IRD in the unnamed trough recorded by Kristensen et al. 2013 (Figure 7.2). Increased IRD
during the Late Holocene is documented migslaces along the Svalbard margin and in the

Barents Sea. The increase has been interpreted to reflect increased glacial activity due to a
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return to more polar conditions (eglubowska et al., 2008 and references therein). Several
surge glaciers occupy okaustlandet north of Erik Eriksen Strait, and one of them,
Brasvellebreen, has undergone at least two surges. The latest one in 1938 (Solheim, 1991).

The increase of IRD can therefore be related to surge events of Nordaustlandet glaciers.

The increasef agglutinated forms in the Erik Eriksen Strait during the Late Holocene suggests
corrosive conditions at the seabed or acidic pore water. The corrosive conditiocaased

by brine formatioror by high productivity leading to high content of organicteral inthe
sediments (see 4.3.8\gglutinated speciesHald & Steinsund, 1992). The increase is in
concordance with studies from Storfjorden by Rasmussen & Thomsen (2014), where a high
abundance of agglutinated forms were related to cold phases durieglLifite Holocene
characterized by increased sea ice formation, polynyal activity and brine formation. An
increase in productivity during the Late Holocene in the Erik Eriksen Strait is further supported
by the relatively high abundance of the high primargguction related specieBuccellaspp.

andN. labradorica Brine formation during the Late Holocene, caused by cooling and mixing
of northward flowing Atlantic Water with colder surface waters, is displayed in other modern
foraminiferal records in the Fra Victoria Trough and St. Anna Troughs (Lubinski et al., 2001).
Brines can form acidic bottom water conditions, which causes calcareous forms to dissolve,
resulting in an agglutinated foraminiferal dominance in fossil faunas (Alve & Murray, 1995).
The incease and high percentages of agglutinated foraminifera found in Erik Eriksen Strait is
therefore likely to reflect a general cooling causing increased brine formation and sea ice
formation, which again results in corrosive bottom conditions and dissalutfocalcareous
forms. Records displayirgdominance of agglutinated species is uncommon west and north
of Svalbard (ubowska et al., 2005]ubowskaWoldengen et al., 2007; Skirbekk et al., 2010).

This can be due to less formation of brines on the western and northern shelves of Svalbard.
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The heat transport to the Svalbard regimvery sensitive to changes in both air masses and
ocean currents and circulation (Isaksson et al., 2005). Changes in these parameters have been
the driving factors behind climatic variations, and hence the buildup and decay of glaciers and
the distribuion of water masses surrounding the archipelagtulfowskaet al., 2005;
JlubowskaWoldengen et al., 2008Schlichtholz & Goszczko, 2006The Svalbard area is
highly sensitive to variations of the inflow of Atlantic watelubowskaWoldengen et al.,
2007). The rate of inflow of the Atlantic water antrolled byseveral factors. Since the studied
core site is affected by a mixture of the Fram Strait and cold Barents Sea branches of Atlantic
water, a change in either of these branches can affect the inflow of the Atlantic water through
time (Lubinski eal., 2001). Variations of these branches can be due to changes in several
factors on both a global and regional scale. One of which is the thermohaline circulation and
deepwater formation in the North AtlanticBroecker (199] states that thethermohalne

]E po 8]}v ]e u]JvoC E]JAvVv C3SZ AS EuUc e[ J((EvV «]v v
and salinty differences. A reduction of North Atlantic degmter (NADW) formation is due to
a meltwater input causing the salinity and hence the densitjttdntic waters to decrease.
dZ]e SWEY* Z *0}Ae }Av 8Z 30 v38] }JVA C}E *C+3 uU v Je o]
characterized by ice growth (Figure 7.6). The NADW formagimxnitiated as salt builds up
due to that less salt is exported ogt( §Z <C+3 uU v 8Z JVA C E *C+3 u ]+ 3|
addition, a reduction of meltwater input increases the salt content of the Atlantic (Broecker
et al., 1990).
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Figure 76: Diagrammatic representation of the northern Atlantic basin pmrature record from
approximately 1300 to 10 00G“C yr BP. A rapid warmirage observedat 12700and 10000 “C yr
BP(FromBroecker et al., 1990).

The inflow of Atlantic water is also affected by atmospheric circulation patterns, such as the
North Atlantic Oscilliation. Feedback mechanisms with temperatures and sea ice can alter the
inflow (Loeng, 1991; Lumski et al., 2001; lubowskaWoldengen et al., 2007)The
paleoceanographic conditions of the western and Svalbard region is closely linkezidea
surface temperatures of the Nordic Seas since the deglaciatiobdwska Woldengen et al.,
2007), and the changes of sea surface conditions follows the summer insolation curet (Ko
al., 1993). The warming in the Holocene in the Greenlandarideand Norwegian Seas (GIN)

is correlative tothe maximum solar insolation during the Holocene Climate Optimum
occurring § 6iii oX CE WU AZ] Z A+ 69 Z]PZ & $XWoldéngerC & OI£E
et al., 2007; Figure 7). Seasurface temperatures &) in the western Barents Sea were
possibly 4°C higher that today (8thein et al., 2003b). Ae drop of inslation through the
Holocene causes a cooling trend in step with the insolatidns is seen by a southward
migration of the seace margin, polawaters and theArctic andPolar frontsin the GIN Seas

(Ko et al., 1993). The surface water warming in the Nordic Seas is correlative with increased
inflow of Atlantic water to the bottom waters west and north of Svalbaildifowska et al.,

2005). The record from Erik Eriksen Strait and several records along the Svalbard and Barents
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Sea margins displagynchronous oceanographic changesgh an early Holocene warming
followed by a cooling, correlative with the insolation (epld et al., 1999; Duplessey et al.,
2001; lubowskaWoldengen et al., 2007; 2008; Kristensen et al., 2013; Rasmussen &
Thomsen, 2014). The fact that the Atlantic water inflow follows the insolation curve, show
that among the many factors affecting thelatic water inflow to the region, they may be

indirectly affected by the solar insolation curve.

Figure 77: July insolatiofWm 2] at 65 and 80 °N plotted against cal. yr BP andwf®@ record from
North GRIP Ice Core plotted against cal. yr Bi#m(Flubowska et al., 2005).

Kcg et al. (1993) suggested that a time transgressive development of surface conditions is the
causeof an asynchronous timing of the Holocene Climatic Optimum in the GIN Seas. The
relatively cool start of the Early Holocenbéserved in the Erik Eriksen Strait and records
further east from the Franz Victoria and St. Anna Troughs by Hald(@©8B) and Duplessy

et al. (2001), could also be due to a time transgressive development of surface conditions.
The fact that the faunaisplay a cooler start of the Holocene compared to the western and
southern side of Svalbard can be due to numerous factors. Today Atlantic water flows around
the western and northern Svalbard margin as a subsurface layer, before it enters the Barents
Seavia the troughs located on the northern margin toward the Arctic Ocelub¢wska et al.,

2005; Gammelsrgd et aR009; see2.4 Oceanograpl)y Onits way north the water masses
loose heat causing a reduced Atlantic water inflow into the Barents Seatddesher with a

higher influence of Arctic surface waters, causes the eastern Svalbard climate to stand in stark
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contrast to the western side. The modern water mass distribution and inflow of Atlantic water
can provide a context for interpreting the paleydrographic system. It is possible that a
similarstark contrastlso existed throughout the Holocenghen the oceanographic system
operated in a similar manner to the present (Lubinski et al., 2001). Explanation for the cooler
Atlantic water signal ragtered in the Erik Eriksen Strait, compared to western Spitsbergen,
can be thata temperature gradient, similar to today, existed between east and west.
lubowska et al. (2005) found that the general Atlantic water inflow at the northern Svalbard
margin d the start of the Holocene did not result in a strong temperature increase through
the Holocene. This suggests that the loss of heat the Atlantic water experiences on its way
north, causes a slightly reduced Holocene Climatic Optimum signal north anafetst
Svalbard archipelago compared to the western side of Svalbard. This is in concordance with a
study by Forwick & Vorren (2009) from Isfjorden located on the west coast of Spitsbergen.
Glaciers along the west coast were absent during the early Ho®(Svendsen & Mangerud,
1997), which led Forwick & Vorren (2009) to assume that the deposited IRD during the Early
Holocene in Isfijorden originated from glaciers on the eastern side of Spitsbergen. Thus
implying a strong eastvest temperature gradient agsing an iceberg metiut occurring when

the icebergs reached the warmer western side of Spitsbergen.

The foraminiferal record frorthe Erik Eriksen Strait show that the high isostatic rebound also
affected the inflow of Mantic water to the regionHigh abundance of planktic foraminifera
and C. neoteretisduring the transition from the Younger Dryas to the Holocene, suggests an
increase of the paleo sea level caused by the isostatisafipressed seafloor in the Erik
Eriksen StraifThis was also hyploesized by Lubgk et al. (2001) from the Franctoria and

St. Anna Troughs, which stated that a deepening and increase of paleo sea level, caused by a
glacioisotatically depressed seafloor of 150 m, happened at the start of the deglaciation. This
reaulted in increased inflow of Atlantic water to the region as the SBIS retreated from the shelf
edge.During the Bglling interstadiatecords from the Svalbard margin show an increased
inflow of Atlantic water, flowing along the western and northern cazfsbpitsbergen, before

it entered the Barents Sea from the northiybowskaWoldengen et al., 2008). Another
example of how the isostatically rebound can affect the water mass distribution of the

northwestern Barents Sea region is the Kvitgya Trough. Thedtaildon NP0351 from the
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Kvitgya Trough show no present prase of Atlantic water in the water colunfigure 5.5).
During the Bglling interstadial, the isostatically depressed sea floor, could have induced inflow
also in this trough, which was already deglaciated by the Bglling interstadial (Hogan et al.,
2010b) ad making the Kvitgya Trough a shott for the Atlantic Water into the Erik Eriksen
Strait (Kristensen et al., 2013)his can explain the high paleo sea level and strong and chilled

Atlantic water inflow during the Younger Dry#olocene Transition irhe Erik Eriksen Strait.

Several abrupt cooling events interrupted tivarming of the northern hemisphere during the

last deglaciation (Meissner et al., 2006). The three largest ones, the Younger Dry@®-the
Boreal Oscillgion and the 8.2ka cold event, are observed in the foraminiferal record in Erik
Eriksen Strait. Climatic cold events are registered several records from the Nordic Seas and in
the Svalbard BarentSea region (e.g : K@t al., 1993;Rasmussen et al., 199@ubowska
Woldengen et al., 2008essen et al., 2010; Jessen & Rasmussen, 2015). Theotdlese
climatic cold events are debated. The climate during the last glacial was fluctuating on
millennial time scales. Dansgaard/Oeshger (DO) events, deddriti® Greenland ice cores
(Dansgaard et al., 199Figure 77), areregistered in marine geological data as a result of
changes in the northward flow of surface Atlantic water and deep water formation in the GIN
Seas (Rasmussen et al., 1996; &al., 093; Jessen & Rasmussen, 2015). Colder events like
the Younger Dryas showed continued convection in the Nordic Seas, but with increased spread
of Polar waters southward (Rasmussen et al., 2002). An increase of meltwater release from
melting icebergs dumg 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; Jessen & Rasmussen, 2015). As the Laurentide Ice
Shed retreated, the proglacial Lake Agassiz flooded causing an outburst of freshwater, which
due to routing events caused a weakening of the thermohaline circulation in the northern
hemisphere, and hence the flux of Atlantic water to the Svalbard and Bafsdsregion
(Broecker et al., 1990; Meissner et al., 2006). This led to a widespread sea ice formation
(_lubowskaWoldengen et al., 2008). The deposited Younger Dryas sediments from the key
core retrieved from Erik Eriksen Strait is almost barren of forderen, which has been

interpreted to reflect harsh glaciomarine conditions with increased formation of sea ice (see
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7.4 Younger Dryags Holocene Transition)rhePre-Boreal Oscilliation is detected in the Erik
Eriksen Strait record as a decrease of the theosnmon benthic species. At 8300 cal. yr BP a
drop of salinity, registered by th&?O record, and a slight drop of the total abundance of
benthic foraminifea show a cooling (see.5 Early Holocene ané6. Middle Holocene)This
show that the outburst of fresh water from the Laurentide ice sheet also affected the water
column as far arth as the Svalbard margin. However, it is unlikely that the freshwater release
had a direct impact on the benthic faunative northwestern Barents Sea corner and taek
Eriksen Strait, but was due to a slowdown of the thermohaline circulation andetheced
advection of warm Atlantic water to higher latitudes with increased spread of Polar waters

southward.
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8. Conclusions and Summary

The study of benthic foraminifera, stable isotopes and sedimentology of key coretNR05
49GC, bpng with the sedimentology of core NPAAL t84GC2 and NPG41t51GC2 display

the depositional environment of the Kvitgya Trough and the depositional environment,
paleooceanography and paleoenvironment of Erik Eriksen Strait, northwestern Barents Sea

from approximately 14 100 cal. yr BP to present.

x The deglaciation of the Kvitgya Trough and the deeper central part of Erik Eriksen Strait
occuredapproxiamtely 14100 cal. yr BEndwas characterized biainout of IRD from
icebergs released by a rapidly retresj SvalbaréBarents Sea Ice Sheet in a glacier
proximal settingThe formation of a grounding zone wedge at the southwestern head
of Erik Eriksen Straghow the positioning of a glacier front ssland and that the
retreat became episodic in shallower waters as the Svalbard BarSets Ice Sheet
melted and retreated eastward througime trough. The lack of biogenic material in
the sediments show that the deglaciation was characterized by a cold climate and
harsh gla@marine conditions.

x The retreat of the SvalbarBarents Sea Ice Sheet, during the Bglikitered
interstadials, was characterised by the release of turbid meltwater plumes between
14100 and 12700 cal. yr BResulting in deposition of laminated claysthre deeper
central part of Erik Eriksen Strait.

X Harsh glaciomarine conditiona an icedistal environmentwith increased sea ice
cover characterizethe Younger Dryas coolin§§Z 700 t11 950 cal. yr BP). Occasional
ice rafting shows that the E&rEriksen Strait also experienced periods with seasonally
open waters during the cooling varying depositionalrevironment, reflected by beds
varying in colour, sand and IRD content, showed a multiple sediment source input from
individual glaciers surrounding thgrik Eriksei@rait and Kvitgya Tough

X At the end of the Younger Dryas stadial at20D cal. yr BP, a raptdansition from
sediments almost barren of foraminifera to sediments dominated Gassidulina
neoteretisreflecta stronginflow of chilled Atlantic wate

X The Younger Dryadolocene transitiorwas the start of a twestep warming.The first
step, between 1B60 and 11290 cal. yr BP, reflect a swift termination of the Younger
Dryas and @ontinuedstrong inflow of Atlantic watercausing aramelioration of the
environmental conditions and very high biolagi@ctivity recorded by benthic and
planktic foraminiferal maximum abundancEreshwater input due to melting of ice
sheets during deglaciation lowered the salinity of the water masses reflected by low
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WPOvalues. Thelacioisostatically suppressed sea floor causedoverdeepening of

the area and a deeper paleo sea level

The warming was interrupted gy 150 year long cooling event termed the fBereal
Oscillation

The second stefietween 11 020 and 10 750 cal yr. BP, was characterized by increased
ventilation in a welmixed water column, reflected by increased®C values The
maximum relative abundances dtlandiela norcrossiand Melonis barleeanus
revealed renewed inflow of chilled Atlantic water and that Erik Eriksen Strait was
situated in close proximity of the Polar Front.

The depositional environment during the Holocene was strongly dominated by
accretion of sdiment rainout from the water column and occasional deposition of IRD
from icebergs or sea ice in a relatively weak ocean current regime in atisie¢
environment.

The onset of the Early Holocene is reflected by a northward retreat of the Polar Front
and a high paleo sea level due to reduced glacial loadingCassidulinaeniforme
dominated fauna with a low occurrence Blphidium excavaturshowed acooler Early
Holocene Climatic Optimum in Erik Eriksen Strait in eastern Svalbard, contpared
western and southern Svalbard recordmd that the easwest climatic gradient
observed today, also existed in the Early Holocene.

At 8300 cal. yr BP, the foraminiferal record, together with decreag@® values,
indicated a sudden cooling ana lasting decrease of salinityAn increase ofC.
neoteretisalong with high percentages 6f reniformend the stabilization of theAfO
values from 7600 cal. yr BP, showed renewed and stronger influenceaatidtivater.
Thereafter, a deterioration of the environmemith decreased salinities due to
reduced inflow of Atlantic water and a stronger dominance of Arctic waters, reflected
by increased abundance dElphidium Excavatunand a reduction ofCassidufia
reniforme characterizedhe Late Holocene.

The study show that the highostatically rebound of the ardeaveaffectedthe inflow

of Atlantic water tothe northwestern Barents Sea cornand must be considered
when reconstructinglie areaspaleooceanography

The data from Erik Eriksen Strait generally display regional changes that atatoa@re
with studies from the SvalbasBarents Sea aredt suggestghat an eastwest climatic
gradient, similar to today, existed between eastern and western Svalbdhd Early
Holocene
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