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Abstract. The gravity core JIM09-KA11-GC from 345 mwa- though with smaller amplitude than recorded for the glacial-
ter depth on the western Barents Sea margin was investigatddterglacial scale changes (e.g., Klitgaard-Kristensen et al.,
for down-core distribution patterns of benthic Foraminifera, 2001; Risebrobakken et al., 2003; Hald et al., 2007). Sev-
stable isotopes, and sedimentological parameters in order teral marine records in the Barents Sea region have demon-
reconstruct the flow of Atlantic water during the Holocene. strated that these smaller variations in the intensity of At-
The core site is located below the Atlantic water masses flow{antic water inflow during the Holocene still have a strong
ing into the Arctic Ocean and close to the Arctic front. The impact on climate at the high northern latitudes (e.g., Du-
results show continuous presence of Atlantic water at theplessy et al., 2001; Lubinski et al., 2001; Sarnthein et al.,
margin throughout the Holocene. During the early Holocene,2003; Slubowska-Woldengen et al., 2007). These studies in-
(11 500-9800 cal yr BP), bottom water temperatures as caldicate that short- and long-term climatic changes, such as the
culated by transfer functions rose by 1@ likely due to  transition from the warm early Holocene to the cool and sta-
the increased inflow of Atlantic water, although sea ice wasble mid-Holocene, are associated with changes in the flow
still present at this time. The transition to the mid-Holocene of Atlantic water and the oceanic conveyor belt in addi-
is characterized by a local shift in current regime, resultingtion to changes in insolation forcing. Furthermore, variability
in a ceased supply of fine-grained material to the core locaof Atlantic water inflow has been attributed to location and
tion. Throughout the mid-Holocene th&P0 values indicate  strength of westerly winds (e.g., Risebrobakken et al., 2010;
a slight cooling, thereby following changes in insolation. In Dylmer et al., 2013).
the last 1500yr, inflow of Atlantic water increased but was The purpose of the present study is to reconstruct the past
interrupted by periods of increased influence of Arctic watervariability of Atlantic water inflow at the western Barents Sea
causing periodically colder and more unstable conditions. margin during the Holocene. We studied a sediment core re-
trieved from the relatively small Kveithola Trough located
at the western Barents Sea margin. The trough has acted
as a natural sediment trap and holds 130cm of Holocene
1 Introduction sediments, allowing for a sampling resolution at decadal to
centennial timescales (Ruther et al., 2012). At present, the
The climate in the European Arctic is strongly dependent Onstydy area is dominated by Atlantic water masses (Berben
the inflow of warm and saline Atlantic water masses trans-gt |, 2013) and is located close to the Arctic front. There-
ported to the high northern latitudes by the North Atlantic fore this site is suitable for examining past variability of At-
Current (NAC). Its most distal branch, the West Spitsbergenantic bottom water inflow at the western Barents Sea mar-
Current (WSC), is considered to be the major pathway forgin. We examined down-core distribution patterns of ben-
heat, salt, and water flux to the Arctic Ocean (e.g., Aagaarghic foraminiferal faunas and benthic stable isotopes, and we

and Greisman, 1975). _ quantitatively reconstructed bottom water temperatures and
Throughout the Holocene, the strength of Atlantic wa- g3jinities using transfer functions.

ter inflow into the northern North Atlantic has varied, al-
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Fig. 1. (A) Location of core IM09-KA11-GC together with main surface current systems in the region. Dashed line indicates the present-day
position of the Arctic front (after Loeng, 1991). Black currents indicate Atlantic water, grey currents coastal water, dashed black currents
Arctic water. Abbreviations are NAC, North Atlantic Current; NCaC, North Cape Current; WSC, West Spitsbergen Current; ESC, East
Spitsbergen Current; EGC, East Greenland Current. Numbers indicate cores used for comparison, 1: core PSh-5159N (Risebrobakken et al
2010), 2: core NP05-11-21GC (Skirbekk et al., 2010), 3: core NPQASEmowska et al., 2005}B) Detailed map of study area showing

location of studied core.

2 Oceanographic setting terized by temperatures 0°C and the seasonal cover by sea
ice (Loeng, 1991). Spitsbergenbanken, which encloses Kvei-
thola Trough (Fig. 1b), is occupied by Arctic water masses

Kveithola Trough is located at the western Barents Sea mare oeng, 1991). Transport of cold and sediment-laden shelf

gin, to the NW of Bear Island (Fig. 1). It is a 100km- pottom waters from Spitsbergenbanken through Kveithola

long east-west trending trough, 15-20 km-wide with a waterrgygh to the continental slope is reported by Fohrmann et
depth ranging from 200 to 400 m (Rither et al., 2012). al. (1998). The boundary between Arctic and Atlantic water
At present, the Barents Sea is influenced by three mains the Arctic front (also called the polar front), which forms
water masses: Atlantic water, Arctic water and coastal Wa-sharp climatic gradients in terms of temperature, salinity, and
ter. Warm and salty Atlantic water-(3°C, > 35.0psu; Lo-  sea-ice distribution (Hopkins, 1991). At present, the Arctic
eng, 1991) is transported northwards by the NAC following front is located east of our study area and south of Bear Island
the continental slope of Norway (Fig. 1a). The topographi- (|ngvaldsen, 2005). Generation of dense deep water by brine
cally steered flow of Atlantic water splits into two branches rejection primarily takes place at the Svalbard bank area and
atca. 72N. One branch flows into the southern Barents Seaj the eastern Barents Sea (Midttun, 1985). Coastal water is
as the North Cape Current (NCaC) (Loeng, 1991). The othepyresent in the southern Barents Sea and is characterized by
branch continues northwards along the Barents Sea slopgduced salinitiesX 2°C, < 34.7 psu; Loeng, 1991) due to

and western Svalbard margin into the Arctic Ocean as thgreshwater runoff from the Norwegian mainland and from
WSC (Aagaard et al., 1987) (Fig. 1a). The Arctic water massihe Baltic Sea (Saetre, 2007).

formed by mixing of Atlantic water and polar water in the

Arctic Ocean, enters the Barents Sea from the north and is
carried southward by the East Spitsbergen Current (ESC) and
around the Svalbard archipelago (Loeng, 1991). This water
mass has a low salinity (34.3—34.8 psu) but is mostly charac-
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Fig. 3. Sediment properties of core JIM09-KA11-G@) CaCQ;

as weight percentag€B) TOC as weight percentagéC) Num-

ber of benthic species per sample with dashed line indicating aver-
age value(D) Benthic foraminiferal flux (left, black) together with
foraminiferal concentration (right, grey(E) Size fraction> 1 mm

is considered as ice rafted debris (IR[H) Accumulated grain size

as weight percentage. Black diamondsroais indicate calibrated
age points.
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Fig. 2. Age model and sedimentation rate of IM09-KA11-GC. The

20 ranges are indicated on the dated levels. Chronology is eStabr'nens per sample. Agglutinated Foraminifera were nearly ab-
lished by linear interpolation between calibrated ages.

sent and therefore excluded from further analysis. The flux
of calcareous benthic Foraminifera was calculated using the
dry bulk density, sedimentation rate, and number of speci-
mens per gram dry sediment as suggested by Ehrmann and

Gravity core JM09-KA11-GC (hereafter referred to as Thiede (1985):
KA11) (74°5248 N, 16°29.08 E, 345m water depth) was Flyx#cm 2 x kyr] = [#g™1] x dry bulk density{gcrm?]
obtained on a cruise of R¥an Mayerin 2009 in the western
part of the Kveithola Trough (Fig. 1). The lithology of KA11
was previously described by Rither et al. (2012). The presentvhere # is the number of benthic foraminiferal specimens.
study focuses on the upper 130 cm of the core. Dry bulk density was calculated based on water content
The core was sampled continuously in 0.5 cm-thick slices.and wet bulk density and corrected for density of sea water.
All samples were weighed, freeze-dried, reweighed, and sub- Weight percentages of total carbon (TC), total organic
sequently wet-sieved using mesh sizes of 63 um, 100 untarbon (TOC) and calcium carbonate (Cag@ere deter-
and 1 mm. After drying, the individual size fractions were mined every ca. 4cm on 1cm-thick sediment slices. TC
weighed. At least 300 calcareous benthic Foraminifera fromand TOC were measured at the geological laboratory at the
the 100 pm to 1 mm size fraction were picked and identi- University of Tromsg using a LECO CS 2000 induction
fied to species level, following the guidelines from Knud- oven. The CaC@content was calculated using the equation
sen (1998). All species from tHguccellagenus were com- CaCQ=(TC-TOC)x 100/12.
bined and referred to aBuccella spp. Furthermore, the Stable isotopes were measured at the Geological Mass
morphologically similar specieslandiella helenaeandls- Spectrometer (GMS) laboratory at the University of Bergen
landiella norcrossiwere combined and referred to &s using a Finnigan 253 mass spectrometer, which has a repro-
landiella spp. The relative abundance of the identified ducibility of +0.06 %o for$180 equilibrium calcite §180y).
species was calculated in relation to all calcareous speciStable isotope analyses were performed on the infaunal

3 Material and methods

x sedimentation rafem kyr‘l], D
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Table 1.AMS 14C dates and calibrated dates for core JIM09-KA11-GC. The dates were dated at TRa: Radiocarbon Laboratory in Trondheim,
Norway, and Uppsala, Sweden, and Beta: Beta Analytic Inc. in Miami, Florida, US. Radiocarbon ages are calibrated in the Calib 7.0 program
(Stuiver et al., 2005) using the Marinel13 calibration curve (Reimer et al., 2013). A standard reservoir correction of 400 yr andyRRgional
value of 67+ 34 (Mangerud and Gulliksen, 1975) was used. Dates marked with * are from Rither et al. (2012).

Lab Core Dated 14c  calibrated Calibrated §13C

reference level (cm) material date age agerahge (%) Comments
TRa-1063 3-6 Bathyarca glacialisunpaired 925 30* 476 397-555 2.3

TRa-1064 3-6 Bathyarca glacialisunpaired 90&: 35* 445 354-535 335-346 4.5

TRa-1065 15-17 Bathyarca glacialis 1880+ 35* 1377 1268-1485 4.4
Beta-324049 27.5-28 Islandiella norcorssi/helenae 4820+ 30 5027 4856-5197 —1.5

TRa-1066 32.5-33.5 Astarte ellipticaunpaired 199& 35* 1469 1347-1590 5.5 notused
Beta-315192 39.5-40.5 Islandiella norcorssi/helenae 5870+ 30 6211 6108-6313 —1.3
Beta-315193 44-45 Islandiella norcorssi/helenae 6890+ 40 7339 7241-7436 —-1.9

TRa-1067 53-57 Astarte sulcataunpaired 763@-45* 8037 7919-8154 5.7
Beta-315194 80-81 Islandiella norcorssi/helenae 9140+ 40 9790 9573-10006 —2.6

TRa-1068 81-83.5 Astarte ellipticapaired 8140t 50* 8541 8387-8695 3.6 notused
TRa-1069 81-83.5 Nuculana minutaunpaired 8315-50* 8783 8597-8968 4.7 notused
Beta-315195 110.5-111.5 Elphidium excavaturh clavata 10900+ 50 12309 12130-12546 —2.8 notused
TRa-1070 133-136 Yoldiella intermedigpaired 10705: 55* 11993 11668-12 318 3.3

speciesCassidulina neoteretisThe §180, values were cor-  Therefore the southernmost samples (Skagerrak, Kattegat
rected for disequilibrium with seawater By0.02 %0 (Poole, and the Norwegian continental margin), which incluge
1994) and corrected for the ice-volume effect, where aexcavatunt. selseyensjswere omitted. Additionally, three
sea-level change of 10m corresponds to a 0.11 %0 isotopicamples from fjords in Iceland were omitted since they
change (Fairbanks, 1989). All results are reported in %o Vi-represented a different environmental setting. Findby,
enna Pee Dee Belemnite (V-PDB). landiella helenaeand Islandiella norcrossiwere combined
Thirteen radiocarbon dates were obtained using acceleran the database as well as tBeiccellaspecies. We used
tor mass spectrometry (Table 1); eight dates were previouslyhe C2 program (Juggings, 2010) and a weighted average
published (Rither et al., 2012). The radiocarbon dates wer@artial least squares (WA-PLS) model for estimating tem-
measured on mollusks and monospecific samples of benthiperature and salinity (ter Braak and Juggins, 1993). A four-
Foraminifera (Table 1). Dates from samples TRa-1066, TRacomponent WA-PLS model was used for temperature and a
1068, and TRa-1069 were excluded from the age model aive-component WA-PLS model for salinity (Table 2). This
they were obtained on infaunal mollusk species, which mightselection was based on a low root mean square error (RMSE),
have migrated down in the sediment (E. Thomsen, personahe correlation between observed and estimated vaidgs (
communication, 27 February 2013; Mangerud et al., 2006).and a low maximum bias (e.g., Birks, 1995) (Table 2).
Further, sample Beta-315195 was excluded due to age rever-
sal, possibly due to reworking. The radiocarbon dates were
calibrated into calendar ages using Calib version 7.0 (Stu# Results
iver et al., 2005) and the marine calibration curve Marinel3
(Reimer et al., 2013) with a local marine reservoir correc-

tion (AR) set as 6% 34 (Mangerud and Gulliksen, 1975). The pighest sedimentation rates (24.5cmirare ob-
The age model is based on linear interpolation between thganed between 11800 and 11 500 yr BP (Fig. 2). Through-
remaining nine dates. The means of the &je ranges are  ,;; the Holocene, the sedimentation rates are much lower

used as tie points in thg interpolation (Fig. 2). All ages in this (3-12 cm kyr') and generally decrease towards the present.
paper are given as calibrated years BP (preséi850AD).  ony during the last 1500yr the rates increase slightly to
Bottom water temperatures (BWH) and salinities ca. 10cmkyr?.

(BWSrr) were reconstructed by transfer functions us-  the sediments consist mainly of clay and silt. Between

ing the Sejrup et al. (2004) database of modern ben- 3 gng to 10000 yr BP, the fraction 63 um comprises more
thic Foraminifera. In this databas€lphidium excavatum non 90% of the sediment, and some IRD clasts >1mm

f..clavataand Elphidium excavatgn‘t selseyensiare COM-  are observed (Fig. 3). At 10000yr BP the sand content
bined although they represent different temperature regimeg, creases and is relatively stable until 1000yr BP before

(i.e., arctic and boreal environment; Feyling-Ha_nsse_n_, 1972)slightly increasing again during the last 1000 yr.
In core KA1l onlyE. excavatuni. clavatawas identified.

4.1 Sedimentological parameters
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Table 2. Performance of transfer function model WA-PLS with components 1 to 5. Italics indicate performance of the selected models.

Model Temperature Salinity
RMSE r2  Max bias RMSE r2  Max bias
WA-PLS component 1 1.24877 0.748377 2.34502 0.106815 0.561906 0.573909

WA-PLS component 2 1.12137 0.797089 1.72035 0.0978157 0.632613 0.472159
WA-PLS component 3 1.03408 0.827448 1.27498 0.0923698 0.672383 0.399328
WA-PLS component 4 0.996462 0.839779 1.0828 0.0894319 0.692892 0.407719
WA-PLS component5 0.973128 0.847195 1.14311 0.0858414 0.717062 0.395228

The TOC percentage declines significantly from 1.7 toforme which have mean values of 27 and 34 % respectively.
0.9 wt% at ca. 9800 yr BP and remains low, only to rise againSome small changes are observed in the last 2000 yr when
in the last 600 yr (Fig. 3). CaC{percentages show a slight the abundance and flux &. excavatuni. clavataincreases
decrease from ca. 11 000 to 9800 yr BP, and then rise rapidlyagain, and in the last 1000 y. barleeanusncreases from 2
from 6 to 20 wt%, followed by a gradual increase from 20 to to 6 % (Fig. 4).

30 wt% towards the present.

4.3 Stable isotopes
4.2 Distribution of benthic Foraminifera

Stable isotopes are analyzed on a higher time resolution than
The benthic foraminiferal assemblage is studied every 0.3he benthic foraminiferal assemblages, giving an average res-
to 2.5¢cm giving an average time resolution of 143yr. A to- ojution of 82yr. Thes80, values are low (ca. 3.1%o) at
tal of 54 species are identified. The number of species in-11800yr BP and increase rapidly to ca. 3.4%. at 11500 yr
creases from 11800 to 10000yr BP from ca. 15 to 20-258p (Fig. 5). From 11500 to 10400yr BP, ti§&80, val-
species per sample and remains relatively stable at 25-3(es are stable at 3.4 %.. TH&8O. values fluctuate between
species per sample throughout the remainder of the Holocengp 400 and 9500 yr BP, after which they show a relatively sta-

(Fig. 3). Most specimens have well-preserved tests, and n@je, slightly increasing trend, with an average value of 3.7 %o
signs of dissolution are observed. Almost exclusively cal-throughout the rest of the Holocene.

careous species are found, and the most frequeri%

abundance) are shown in Fig. 4. The total flux of benthic4.4 Bottom water temperatures and salinities

Foraminifera generally increases throughout the Holocene,

with highest values observed between 9800 and 8000 yr BBottom water temperatures estimated by transfer functions

and during the last 1500 yr (Fig. 3). increase from 0.7 to 32 between 11 800 and 10 000 yr BP
Three species dominate the benthic foraminiferal fau-(Fig. 5). This increase, however, is punctuated by a brief cold

nas: E. excavatunf. clavatg Cassidulina reniformeand interval with temperatures less thaAQ at ca. 10 500 yr BP.

C. neoteretigFig. 4). Less frequently observed species areThe last 10 000 yr show relatively stable temperatures with an

Stainforthia loeblichi Nonionellina labradoricalslandiella  average value of 3 + 0.4. The reconstructed salinity val-

spp.,Melonis barleeanud.obatula lobatula andAstronon-  ues exhibit a similar trend as the bottom water temperatures

ion gallowayi From 11800 to 11 500 yr BFS. loeblichiand  (Fig. 5) and increase from 34.7 to 34.9 psu between 11 800

C. reniforme dominate the fauna with mean values of 20 and and 10 000 yr BP. After 10 000 yr BP the salinity is stable at

40 % respectively. Countering the rapid decline of these twa34.9 psut 0.03. Although the present-day values are slightly

speciesE. excavatuni. clavataincreases till 11000yr BP  higher that the reconstructed salinity and temperature val-

and becomes the most abundant species with a mean valugss, they fall within the error bars of the transfer functions

of 30 %. From 11500 to 9800 yr BE,. reniformeincreases  (Fig. 5).

again to 40 % abundance, a@dneoteretisncreases from 6

to 30 % abundance. During this peridd, labradorica and

Islandiella spp. reach peak values of 25 and 14 % at 106005 Paleo-oceanographic development at the western

and 10500 yr BP, respectively. In this same time interial, Barents Sea margin and regional correlation

gallowayi increases to ca. 5% abundance at 10000yr BP,

andM. barleeanusncreases to ca. 10 % at 10 200 yr BP. Both We divide our Holocene record into four time slices:

are otherwise present throughout the entire Holocene withYounger Dryas—Holocene transition (11 800-11 500 yr BP),

average values of ca. 5 and 3% respectively. From 9800 yearly Holocene (11 500-9800yr BP), mid-Holocene (9800—

BP to present, the benthic foraminiferal assemblage is chard500yr BP), and late Holocene (1500yr BP—present).

acterized by the dominance @f. neoteretis and C. reni- These subdivisions are based on changes in the benthic
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ature record as calculated by transfer functions with error bar in
grey shading. Present-day temperature is indicated by dashed line.
(D) 8180 record (grey line) with five-point running average (black
line) together with calculate880; from Kangerdlugssuaq Fjord
(green, triangles) and Nordic Seas (orange, asterisks) mixing lines.
Black diamonds on axis indicate calibrated age points.
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0 R with seasonal sea ice and pulses of seasonal high productiv-
ity (Steinsund, 1994; Polyak et al., 2002), and the glacioma-
Fig. 4. Relative abundances (left, black) and fluxes (right, grey shad—ine indicatorC. reniforme(e.g., Polyak et al., 2002) (Fig. 4).
ing) of the most frequent penthic foraminiferal species versus cal-The presence dE. excavatunf. clavatamost likely reflects
endar age BP. Note the different scales. Black diamonds@xis 5 anvironment with more extensive sea-ice cover, high tur-
indicate calibrated age points. bidity, and lowered fluctuating salinities (Steinsund, 1994;
Hald et al., 1994; Hald and Korsun, 1997). We therefore
infer that the benthic foraminiferal assemblage reflects pre-
foraminiferal fauna, stable oxygen isotopes, and grain-sizejominantly polar conditions with associated meltwater input.
distribution. Boundaries are placed at midpoints of changes Riither et al. (2012) report that since the deglaciation of Kvei-
thola Trough (14 200yr BP) a semi-perennial sea-ice cover
5.1 Younger Dryas—Holocene transition persisted. The timing of the deglaciation of the surrounding
(11800-11500yr BP) Spitsbergenbanken is not well constrained, but a minimum
deglaciation age of 11200yr BP has been inferred for Bear
During the transition period from the Younger Dryas to the Island (Wohlfarth et al., 1995). Meltwater from the glaciers
Holocene, the total benthic foraminiferal flux is low (Fig. 3), located at Bear Island during the Younger Dryas would have
indicating unfavorable environmental conditions at the studybeen partly discharged through Kveithola Trough since its in-
site. This could be caused by the relatively high sedimentaner basin is connected to channels that drain parts of the Bear
tion rates and enhanced IRD production (Figs. 2, 3), whichisland banks (Fohrmann et al., 1998). While the trough was
reflects increased sediment transport by icebergs and/or sesdill influenced by meltwater input and presence of sea ice,
ice. Concordantly, depletetf80. values and the relatively BWT+r started to rise (Fig. 5¢), indicating an enhanced ad-
low BWStr values (Fig. 5) suggest a freshwater input. Un- vection of Atlantic water to the western Barents Sea margin.
favorable environmental conditions are further supported byThis development corresponds to a regional pattern in the
the rapid increase of the opportunistic spedegxcavatum Barents Sea area with warm Atlantic water influencing the
f. clavata which replacesS. loeblichj a species associated bottom waters at the end of the Younger Dryas (Rasmussen

BN B S I o
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et al., 2007, 2012; Aagaard-Sgrensen et al., 2010; Skirbeklation was observed in the SW Barents Sea (Risebrobakken

etal., 2010). etal., 2010).
The increasing!80. values seem to contradict the BWT
5.2 Early Holocene (11 500-9800 yr BP) increase. These two opposing trends could imply that the

8180, values are influenced by salinity changes. To deter-
During the early Holocene significant changes occurred inmine the potential salinity-driven impact on th&0. val-
the foraminiferal fauna, which was still scarce but becameues, we calculatesf80 of water ¢80y, vs. v-smow (Fig. 5a)
more diverse (Fig. 3). Initially, the benthic assemblage wasusing the following temperature equation by Shackleton
characterized by a polar fauna consistingeofexcavatum  (1974):
f. clavataandC. reniforme indicating cold conditions with o 18 18
lowered salinities and possibly high water turbidity (Hald et T(CC) =169—4x (570 —7Ow), 2)
al., 1994; Steinsund, 1994; Hald and Korsun, 1997). The dewhereby BWTr is used as temperature inpit0,, (PDB)
crease ofE. excavatunf. clavataaround 11000yr BP and was converted to SMOW scale by addir@.2 %o (Simstich
the coeval increase in BWE and BWSF (Figs. 3, 5) sug- etal., 2003). Thélsow, vs. v-smowsSuggests that, independent
gest an overall improvement of environmental conditions re-of which mixing line we use, the salinity increase over the
flecting the continued increasing inflow of Atlantic water. early Holocene is underestimated in BY¥SThe BWS¢
This is further corroborated by the increase of the subpo-suggests an increase of 0.2 psu, wher&@@W, VS. V-Smow
lar speciesC. neoteretis which is associated with chilled suggests an increase of ca. 1 psu. Therefore, we propose that
Atlantic water in the Arctic region (Mackensen and Hald, the BWS is likely underestimated, and salinity changes
1988; Steinsund, 1994; Seidenkrantz, 1995), dhdbar- could have influenced th#280; values in the early Holocene.
leeanusan arctic-boreal species that prefers higher salinities A brief cold interval between 10 700 and 10400 yr BP in-
(Hald and Steinsund, 1992; Jennings et al., 2004) and is agerrupts the increase in BWf. During this interval the tem-
sociated with the presence of Atlantic-derived waters in theperatures decline by more than 3G (Fig. 5¢) and seem to
Arctic (Polyak et al., 2002). The increase Mf barleeanus contradict the steady increase of Atlantic-water-associated
is concurrent with the increasing TOC content within sedi- species from ca. 11000yr BP towards the present, which
ments with continued high percentage of fine-grained matedoes not indicate a temperature decline. When we compare
rial (Fig. 3).M. barleeanuss reported to feed on organic de- the low BWTrg with the foraminiferal abundance, we find
tritus, which can be delivered with fine sediments from shal-that the coldest points correlate with the highest abundances
low areas and then deposited in local depocenters (Polyak eif N. labradoricaandlslandiellaspp. (Fig. 4). Both of these
al., 2002). Furthermore, the increaseNbflabradoricafrom species are associated with high-productivity environments
11500 to 10600 yr BP also supports an increased inflow of(Hald and Steinsund, 1996; Polyak et al., 2002), &hd
Atlantic water since this species is linked to the higher nu-labradoricais controlled more by food supply than by water
trient content of Atlantic-derived waters and oceanic frontstemperature (Hald and Korsun, 1997; Lloyd, 2006; lvanova
(Hald and Korsun, 1997; Rytter et al., 2002; Jennings et al. et al., 2008). Further, th&80. values during the cold inter-
2004, Lloyd, 2006). The pulse ¢élandiellaspp. shortly af-  val only show an increase of 0.15 %o (Fig. 5), whereas a tem-
ter the increase of. labradoricapoints to a seasonal sea- perature change of 1°& would correspond to an increase
ice cover and/or close proximity to the sea-ice margin (Haldin 5§80, of 0.4 %. (Eq. 2). The offset between th&0, val-
and Steinsund, 1996). The presence of periodic sea-ice coveres and the BWHg could be due to the different seasonal
is further supported by a biomarker analysis on core KAl1lsignal that these records represent. The transfer functions re-
(Berben et al., 2013), and by the low total flux (Fig. 3), indi- flect average summer temperature (July, August, September;
cating unfavorable conditions at the sea floor. A submergedSejrup et al., 2004), whereas #¥0. value measured oB.
inflow of Atlantic water beneath the sea ice would develop neoteretismight reflect a different season. Hald et al. (2011)
a stratified water column, which tends to limit biological for instance report that for Malangen fjo@l neoteretisnay
productivity (Stein and Macdonald, 2004). The pulse®of calcify in late autumn. However, seasonal variability is ex-
labradorica and Islandiella spp. indicate unstable environ- pected to have only a minor effect on water masses at 345m
mental conditions and the presence of sea ice/proximity ofwater depth. We therefore suggest that the brief temperature
the Arctic front at the western Barents Sea margin 404  decline as reconstructed by transfer functions is likely over-

During the early Holocene, the overall increase of BWT estimated due to the training set.

(Fig. 5c¢) is concurrent with the enhanced inflow of Atlantic  An increased inflow of Atlantic water in the early
water. However, the temperature increase of the bottom waHolocene is also evident from several records from the
ters can also be a response to reduced atmospheric heat e8valbard and Barents Sea region (e.g., Duplessy et al.,
change due to insulation by the sea-ice cover (Gerdes et al2005;Slubowska-Woldengen et al., 2007; Chistyakova et al.,
2003) that was present at this time (Berben et al., 2013)2010; Rasmussen et al., 2012; Klitgaard-Kristensen et al.,
Hereby the excess heat would be stored in the water colum2013) and is associated with peak Holocene temperatures
and cause the BWE to increase. A similar response to insu- as observed by benthic oxygen isotopes in the SW Barents
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Hemisphere (Berger and Loutre, 1991) (Fig. 6), and as re-
sponse to a stronger inflow of Atlantic water and the result-
ing intensified heat advection northward (Hald et al., 2007;
Risebrobakken et al., 2011). The lack of the early Holocene
warming optimum in the bottom waters of Kveithola Trough
is consistent with a study by Risebrobakken et al. (2011).
They show that ocean temperatures underneath the summer
mixed layer in the eastern Nordic Seas do not increase sig-
nificantly at this time and must instead be representative of
the mean state of Atlantic water inflow. Additionally, at the
time of maximum heat transport through the NAC (around
10000 yr BP; Risebrobakken et al., 2011), our study site was
still influenced by Arctic water (Berben et al., 2013), thereby
possibly suppressing the warming signal.

The end of the early Holocene is marked by a rapid de-
crease of TOC content at 9800yr BP, corresponding with
changes observed in sedimentation rate and grain size. We
LY AU speculate that these changes most likely represent a regime
0 200 4000 6000 8000 10000 12000 change of the current system whereby the supply of fine-

Colyears B grained sediments and organic material through winnow-
Fig. 6. Comparison of Holocene paleo-oceanographic develop-INg of the shallow bank areas enclosing Kveithola Trough
ment between Kveithola Trough, the SW Barents Sea (core PShceased. Winnowing is not an uncommon feature in the early
5159N) (Risebrobakken et al., 2010), Kongsfjorden (core NP0O5-Holocene in the region, although in the southern Barents Sea
11-21GC) (Skirbekk et al., 2010) and Hinlopen Strait (core NP94-it ceased ca. 1000 yr later at 8700 yr BP due to eustatic sea-
51) (Slubowska et al., 2005). For location of the selected cores segevel rise (Hald and Vorren, 1984). The ceased winnowing
Fig. 1a.(A) June insolation at 7N (Berger and Loutre, 199108) — of the shallow banks enclosing Kveithola Trough might be
3+°0¢ records fromC. neoteretisfor Kveithola _(black, solid cir- explained by a lowered influence of Arctic water masses oc-
glfe;) Z)r(lgagw;usmwc?gzgfsofﬁzrgo;?_r;?sé:sterl@@):?_ercelntages 4 cupying Spitsbergenbanken to the N and NE of Kveithola.
) i g8t (green, riangles) an This is supported by Berben et al. (2013), who report that the

Hinlopen (purple, open circles]D) Percentages dt. excavatum . . .
f. clavatafor Kveithola (black, solid circlesYE) Percentages . (sub-)surface waters were dominated by Arctic water until

reniformefor Kongsfjorden (green, triangles) and Hinlopen (purple, €& 9800yr BP, after which the marginal ice zone retreated.
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open circles)(F) Percentages af. reniformefor Kveithola (black, To illustrate the transition from the early to the mid-
solid circles)(G) Percentages &. neoteretigor Kveithola (black, ~ Holocene further, Eq. 2 is used to calculatéOc, whereby
solid circles) and the SW Barents Sea (orange, asterisks). temperatures are based on BT ands'€0,, (PDB) was

calculated from BW$%: by applying two different mix-

ing lines (Fig. 5d). For the early Holocene a mixing line
Sea (Risebrobakken et al., 2010), transfer-function-generatetom Kangerdlugssuaq Fjord, eastern Greenland (Azetsu-
bottom water temperatures (Rasmussen et al.,, 2013), anficott and Tan, 1997), representing an oceanographic setting
benthic foraminiferal assemblagéSIthowska et al., 2005; with cooled Atlantic water beneath a cold surface water layer,
Skirbekk et al., 2010) at the western and northern Sval-agrees best with the measurétfO.. The mid- and late-
bard shelf. Timing of the onset of increased inflow of At- Holocene-measurext®0; agrees best with a mixing line for
lantic water agrees well between the SW Barents Sea, Kveithe Nordic Seas (Simstich et al., 2003). The clear correlation
thola, and the western Svalbard margin with an onset aroundf the measured®0. with two distinctively different mix-
11500yr BP (Fig. 6). The northern Svalbard margin seemsng lines for the early and mid-Holocene illustrates the shift
to be slightly delayed with a reported age of 10900yr BPin oceanographic regime at the western Barents Sea margin
(Fig. 6) (Slubowska et al., 2005). The increased inflow of to less glaciomarine conditions.
Atlantic water in Kveithola Trough, however, did not result
in peak Holocene temperatures. NeitherdHO, values nor 5.3 Mid-Holocene (9800-1500 yr BP)
the benthic foraminiferal assemblages indicate warmer con-
ditions in the early Holocene compared to the rest of ourThe mid-Holocene is characterized by a stable benthic faunal
record (Figs. 4, 5). The early Holocene climate optimum distribution that is dominated by two speci€s: neoteretis
is widely recognized in marine and terrestrial records fromandC. reniforme Together they comprise more than 60 % of
the Nordic Seas region. It is considered a response to th#éhe fauna. This indicates a consistent inflow of Atlantic water
early Holocene orbital forcing (Renssen et al., 2009), resultthroughout the mid-Holocene that had increased compared
ing in higher-than-present summer insolation in the Northernto the early Holocene. Further, the stable values of GACO
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content (wt.%) and the increased total benthic foraminiferalductivity are suggested by peak values in foraminiferal flux,
flux (Fig. 3) imply a more productive, stable environment due and small changes in the species composition and abun-
to the constant inflow of Atlantic water. dances occur (Figs. 3, 4). The coarser grain-size fraction
Throughout the mid-Holocenél®0; values are increas- suggests a more vigorous current regime, probably due to a
ing by 0.35 %.. This implies either a temperature decrease ostronger inflow of Atlantic water at the western Barents Sea
> 1.5°C, a salinity increase of 1 psu (Eq. 2), or a combina- margin. A regional increased inflow of Atlantic water is sug-
tion of these. However, neither a change in BW,TBWStg gested by benthic foraminiferal and coccolith records, and a
nor 8180y, is observed. This indicates there is an offset be-sortable silt record from the western and northern margins of
tween the temperature trend as recorded§. values and  the Barents Sea and Svalbard (Lubinski et al., 2001; Hass,
the BWTre. The offset might be explained by the tempera- 2002; Slubowska et al., 2005; Jernas et al., 2013; Dylmer et
ture change taking place over a long period of time (8000 yr)al., 2013).
and the temperature change being too small to affect the The episodes of enhanced productivity in Kveithola sug-
benthic foraminiferal assemblage. The dominant spe€ies gest a higher availability of nutrients. We observe an increase
neoteretisfor instance, is observed in temperatures rangingin the abundance d¥l. barleeanuspointing to a change in
from 0°C to 4°C (Rytter et al., 2002). Furthermore, BWI  food availability (Polyak et al., 2002), and an increase in
ands180. do not vary on the same amplitude. Whereas tem-TOC content. At the same time, a biomarker analysis on core
peratures in the BWAIF records vary by 2.8C, correspond- KA1l shows that the study site is again influenced by sea-
ing to as180 of 0.7 %o (Eq. 2), the’180. record shows only ~ sonal sea ice in the late Holocene (Berben et al., 2013). The
minor variability (0.3 %0). The amplitude difference between fluxes ofE. excavatunf. clavatareach the same level as dur-
the measured'®0, and reconstructed BWE indicates that  ing the early Holocene (Fig. 3), although with a much lower
a benthic foraminiferal fauna is not only affected by tem- relative abundance<(5%). Apparently, conditions are be-
perature and salinity but also nutrient availability exerts ancoming more favorable for this species, which could indicate
influence via marked changes in the so-called “food indica-periodically colder conditions or a higher turbidity of the wa-
tor species” (e.g.N. labradorica Islandiella spp.,M. bar- ter column (Steinsund, 1994; Hald et al., 1994; Hald and Ko-
leeanusHald and Korsun, 1997; Polyak et al., 2002; Lloyd, rsun, 1997). However, colder conditions are not observed in
2006; Ivanova et al., 2008). Thus, the large temperature varithe 5180, values or in the BWT (Fig. 5). The changes that
ations in the BWTE are most likely an overestimation due are observed in productivity, foraminiferal abundance, and
to the training set, and we must conclude that the training sesea-ice presence (Berben et al., 2013) might suggest that an
and transfer functions used in the present study are not ableceanographic front, associated with sea ice and higher pro-
to capture the small temperature variations as suggested guctivity, is moving towards our core location.
our 8180 values. The unstable bottom water conditions as observed by the
Based on the increasirig‘soC values, the stable BW$ benthic foraminiferal fauna are also observed in several other
and the offset of BW¥r, we suggest that decreasing tem- benthic foraminiferal records in the Barents Sea and Svalbard
peratures are the most plausible explanation forse©. region Slubowska et al., 2005lubowska-Woldengen et al.,
trend. The temperature decline in Kveithola is hereby con-2007; Chistyakova et al., 2010; Risebrobakken et al., 2010;
sistent with decreasing bottom water temperatures in the BarRasmussen et al., 2012; Jernas et al., 2013), although tim-
ents Sea region as recorded by distribution patterns of bening of the onset differs between the regions (Fig. 6). In the
thic Foraminifera and benthié'80, values (e.g., Husum SW Barents Sea and western Svalbard margin, bottom water
and Hald, 2004SIubowska—WoIdengen et al., 2007; Rise- conditions have become more unstable over the past two mil-
brobakken et al., 2010; Rasmussen et al., 2012). The deennia (Chistyakova et al., 2010; Risebrobakken et al., 2010;
creasing bottom water temperatures in the Barents Sea regidRasmussen et al., 2012; Jernas et al., 2088)bowska-
seem to follow the insolation trend at°/®Q (Fig. 6) (Berger  Woldengen et al. (2007) report an onset of unstable condi-
and Loutre, 1991). However, recent studies from the Nordictions at the western Svalbard margin 1000 yr ago, whereas
Seas show that proxies beneath the summer mixed layer hawa Kveithola we observe a shift in bottom water conditions
a smaller response to the insolation than the surface waters500yr ago. These unstable conditions are attributed to a
(Andersson et al., 2010; Risebrobakken et al., 2011). Thestrengthened inflow of Atlantic water to the Arctic (Ras-
bottom waters in the Barents Sea region are therefore likelynussen et al., 2012; Jernas et al., 2013) and (periodically)
to reflect the general state of the NAC, which has cooled duecolder conditions at the surface, which are linked to weaker

to decreasing insolation in the Northern Hemisphere. southwesterlies (Risebrobakken et al., 2012) and decreasing
insolation (Rasmussen et al., 2012; Berben et al., 2013). The
5.4 Late Holocene (1500 yr BP—present) differences in timing between the SW Barents Sea, Kvei-

thola and the western Svalbard margin may represent a local-
Throughout the last 1500 yr, more unstable conditions havézed response to a regional trend or potential inconsistencies
been observed compared to the mid-Holocene. The coarseetween the age models.
grain-size fraction has increased, episodes of enhanced pro-
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