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 Accepted 5 October 2016 Climate changes are reflected in the Arctic ecosystem history over different timescales. We use a multi proxy-
based approach for palaeoenvironmental and palaeoclimatic reconstructions, conducted on sediment cores,

comparedwith summer insolation andGreenland ice core δ18O data in order to establish a framework for climate

1. Introduction
changes from Late Pleistocene to late Holocene. Our dataset includes the results compiled from a sediment core,
collected on the middle slope of the Kveithola TroughMouth Fan (South of Svalbard) during the CORIBAR cruise
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(2013). The studied core presents remarkable lithological and magnetic susceptibility similarities with cores re-
covered in the same area during the SVAIS (2007) and the OGS-EGLACOM cruise (2008), allowing the construc-
tion of the agemodel. The results indicate that during the last 14.5 cal ky BP advances and retreats of the Svalbard
Barents Sea Ice Sheet were strictly linked to the interplay of Atlantic and Arctic water inflows to the study area.
During the deglaciation, from the Last Glacial Maximum to the onset of the Holocene, the climate underwent a
series of abrupt changes including the Bølling-Allerød warm interstadial and the Younger Dryas cold event. Dur-
ing the early Holocene, the investigated area was dominated by enhanced warm Atlantic water inflow, which
was concomitant with summer insolation increase, characterizing the Holocene Thermal Maximum. Conversely,
the late Holocenewas governedby deteriorating climatic conditions, with predominant Arctic/Polarwater inflow
on the surfacewatermasses offWestern Svalbard, possibly associatedwith summer insolation decline due to or-
bital forcing.

palaeoclimatic and palaeoenvironmental changes in the Kveithola gla-
Clay minerals
The polar oceans are sites of deep-water form
ation driving the ther-
cial trough system (South of Svalbard) during the Late Pleistocene de-
glaciation and the Holocene on the basis of the microfossil phyto and

zooplankton assemblages and clay mineral distribution. The Late Pleis-
mohaline circulation and affecting climate on a global scale.
Palaeoclimatic reconstructions can be achieved through proxies, such
as microfossil assemblages and clay mineral distribution, that provide
key information for water masses provenance and environmental tar-
gets such as sea surface temperature (SST), salinity, sea-ice cover and
marine biological productivity.

Here we focus on themarine biotic response to Late Pleistocene and
Holocene climate changes, using an integrated approach on a sediment
core. The aim of the present research is the reconstruction of the
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tocene deglaciation was an unsteady process; ice sheets, at various
times, temporarily arrested, advanced and/or retreated affecting the cli-
mate of the surrounding areas. According to Winsborrow et al. (2010)
thedeglaciation of the SWBarents Sea (Bjørnøyrenna glacial trough sys-
tem) initiated at ca. 15.5 cal ka BP, while Jessen et al. (2010) and Lucchi
et al. (2013) indicated deglaciation on the NWBarents Sea started at ca.
20.5 cal ka BP. The subsequent Holocene is the youngest phase of the
Earth climate history that began when the last glaciation ended. During
the Quaternary, commonly preserved microfossil groups in polar areas
include calcareous nannofossils (Backman et al., 2009), diatoms (Koç
and Schrader, 1990) and planktonic foraminifera (Wollenburg and
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Kuhnt, 2000). The distribution of thesemicrofossils has been investigat-
ed in a sediment core, collected from the Kveithola Trough Mouth Fan
(TMF) middle slope in the framework of the international project
CORIBAR, sharing objectives with the International Polar Year (IPY) Ac-

drained ice from both Svalbard, located in the Northern area, and
Bjørnøya, located in the Southern area (Andreassen et al., 2008;
Rebesco et al., 2011). The Storfjorden-Kveithola palaeo-ice stream is a
small system compared to the major drainage systems of the Barents
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tivity 367 NICESTREAMS (Neogene Ice Streams and Sedimentary Pro-
cesses on High-Latitude Continental Margins). The results from the
studied core were compared with the dataset obtained from
neighbouring sediment cores recovered during IPY 2007–2009: the
SVAIS project (Development of an Arctic ice stream-dominated sedi-
mentary system: The Southern Svalbard continental margin), funded
as Spanish IPY research program, and the EGLACOM project (Evolution
of a glacial Arctic continentalmargin: The Southern Svalbard ice stream-
dominated sedimentary system), funded by the Istituto Nazionale di
Oceanografia e di Geofisica Sperimentale (OGS), as contribution to IPY
Italian activity.

The study of the Kveithola represents an excellent opportunity to
improve the understanding of palaeoclimate variations over the ap-
proximately last 14.5 cal ky BP, because of the presence of an expanded
and continuous sedimentary sequence from the last deglaciation to the
Holocene. Past climatic reversals had major impacts on Arctic regions
over timescales much shorter than orbital cycles and they provide a
unique framework for today's climatic changes.

2. Study area
The Kveithola Trough Mouth Fan (TMF) is situated North-West of
the Bjørnøya island and South of the Spitsbergenbanken, the shallowest

This study is based on the investigation of a 974 cm long gravity core
(GeoB17603-3, in the following indicated as 17603-3) recovered on the
bank in the Barents Sea having a water depth of 30–80 mbsl (Rüther et
al., 2012) (Fig. 1a). The Kveithola is a glacial U-shaped trough with an
East-West orientation and it is about 90 km long, 15 km wide, with a
water depth that ranges between 200 and 400 mbsl (Rebesco et al.,
2011; Rüther et al., 2012). The Kveithola, part of the Storfjorden glacial
system, was carved by ice streams that during the last glacial period
Fig. 1. a – Location of the study area. Yellow dots indicate the studied core CORIBAR 17603-3 an
oceanographic circulation in the NW Barents Sea. The black box indicates location of the study
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Sea (Svendsen et al., 2004); however, it contains a valuable high-resolu-
tion sedimentary and climate archive for its location close to the Fram
Strait that represents the only deep-sea gateway for water masses ex-
change between the Arctic Ocean and the Greenland-Norwegian Sea.
Twomain currents interact in the study area: theWest Spitsbergen Cur-
rent (WSC) and the Eastern Spitsbergen Current (ESC) (Fig. 1b). At
about 70°N the Norwegian Atlantic Current (NwAC) splits into the
North Cape Current (NCaC), that flows into the Southern part of the Ba-
rents Sea, and the West Spitsbergen Current (WSC), that carries on
Northward along the Western slope of Svalbard into the Arctic Ocean
(Blindheim and Rey, 2004; Groot et al., 2014). TheWSC transports rela-
tivelywarm (6 to 8 °C) and salty (35.1 to 35.3‰) Atlanticwater, keeping
this area free of ice year-round (Aagaard et al., 1987). A branch of the
WSC mixes with Polar water moving North of Svalbard and enters
again the Barents Sea East of Spitsbergen. This current, the Eastern
Spitsbergen Current (ESC), is characterized by lower temperature
(0 °C) and salinity (34.3–34.8‰) with respect to theWSC being covered
by seasonal sea-ice during winter that causes dense deep water forma-
tion by brine rejection (Loeng, 1991). The extent of the sea-ice cover is
controlled by the Polar and Atlantic surface water boundaries, that con-
strain the location of the two oceanic fronts, the Polar front (PF) and the
Arctic front (AF) (Fig. 1b). The PF corresponds to the average summer
sea-ice margin and the AF is associated with the maximum extension
of sea-ice during winter (Zamelczyk et al., 2012).

3. Material and methods
d other cores also discussed in the text (EGLACOM cores); TMF= Trough Mouth Fan; b –
area.

Image of Fig. 1


Kveithola TMFmiddle slope during theCORIBAR cruise on board theR/V
Maria S. Merian (summer 2013) (Table 1, Fig. 1a). The core was initially
analysed using a GEOTEK Multi-sensor Core Logger for Magnetic Sus-
ceptibility (k), opened and visually logged. Sediment samples were col-

radiocarbon ages were calibrated with the software Calib 7.1 (Stuiver
and Reimer, 1993) using the Marine13 calibration curve (Reimer,
2013) and applying an average marine regional reservoir effect ΔR =
67± 34 years, obtained from theMarine Reservoir Correction Database

Table 1
Core location, water depth and total sediment recovery for core 17603-3. TMF = Trough Mouth Fan.

Core ID Lat. N Long. E Water depth (m) Location Total recovery (cm)

GeoB17603-3 74° 51,00′ 14° 48,09′ 1430 Middle slope of Kveithola TMF 974

1 σ
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lected regularly at 10 cm intervals and analysed for sedimentological
characteristics and microfossil content, including calcareous
nannofossils, diatoms and planktonic foraminifera.

3.1. Sedimentary analyses

A total of 29 samples were analysed for water content and grain size
characteristics using a coulter counter laser Beckman LS-230 tomeasure
the 0.04–2000 μmfraction at 0.004 μmresolution. The sampleswere ini-
tially treated with diluted peroxide and the disaggregated sediments
were re-suspended into a 0.1% sodium-hexametaphosphate solution
and left for 3 min in ultrasonic bath prior to measurement. The results
were classified according to Friedman and Sanders (1978) grain-size
scale.

Clay mineral analyses were performed on 29 samples at 30–40 cm
sampling interval. Separation of the clay fraction was obtained by cen-
trifugation during 1 min at 1050 rounds/min to settle the particles 2–
63 μm (silt), and 10 min at 3980 rounds/min to settle the clay fraction
leaving the pore water salt in suspension within distilled water.

X-ray diffraction (XRD) was performed on the clay samples
mounted on smear slides, using a Philips PW1710 powder diffraction
system, using CuKα radiation (40 kV, 40 mA). Each sample was
analysed between 2° and 40° 2θ, with a step size of 0.02° 2θ in the air-
dry state and after ethylene glycol solvation that permits the expansion
of smectite peak to a basal spacing of about 17 Å. A slower scan, between
23° and 25.5° 2θ, with a step size of 0.005° 2θ was performed on the
glycolated samples, in order to obtain a better resolution of the chlo-
rite-kaolinite twin peak. Semi-quantitatively estimation of the main
clay mineral abundance (smectite, chlorite, kaolinite and illite) was de-
termined using the MacDiff software, relative percentages of each clay
mineral were computed using weighting factors (Biscaye, 1965). Clay
mineral percentage standard deviations were calculated using illite
±1%, smectite ±1%, chlorite ±2.5%, kaolinite ±2% according to
Damiani et al. (2006).

X-ray fluorescence (XRF) core-scan analyses were performed at
1 cm resolution using an Avaatech instrument at 10 and 50 kV setting
and the Ca, Fe and Ti contents were determined.

3.2. Chronology

Ten AcceleratorMass Spectrometry (AMS) 14C ages were performed
on planktonic foraminifera at NOSAM Laboratory (Table 2). The

Table 2
Radiocarbon dates and calendar year calibrations for core 17603-3 record.

Lab. code Depth (cm) Material 14C age Age error
OS-123791 0 N. pachyderma sin 720 20 25
OS-123804 20 N. pachyderma sin 2280 35 17
OS-123796 80 N. pachyderma sin 4590 35 46
OS-123408 140 N. pachyderma sin 6520 50 68
OS-123536 160 N. pachyderma sin 6840 35 72
OS-123786 210 Mix planktonic foraminifera 7750 40 80
OS-123409 360 Mix planktonic foraminifera 8770 60 92
OS-123657 660 N. pachyderma sin 10,900 40 12
OS-123411 820 Mix planktonic foraminifera 12,400 120 13
OS-123425 970 Mix planktonic foraminifera 12,850 170 14

3

of Calib 7.1 for the North-Western Barents Sea area (Mangerud and
Gulliksen, 1975; Mangerud et al., 2006). Calibrated ages at ±1σ and
±2σ are delivered by the program normalized to calendar year and
are indicated in the following as cal a BP or as cal ka BP.

The age model for core 17603-3 is based on magnetic susceptibility
correlations with two previously studied sediment cores (Fig. 2), locat-
ed in the surrounding area, following the procedure described in
Sagnotti et al. (2011), in which the radiometric ages from the EGLACOM
cores EG-02 and EG-03 were transferred to a common stratigraphic
depth on core 17603-3. Refining of the age model of core 17603-3 was
assisted by the new radiocarbon dates. The lithological sequence and
the magnetic susceptibility are consistent between the CORIBAR and
EGLACOM cores and, for this reason, the upper part of the core 17603-
3 was correlated to the Holocene sequence of core EG-03, whereas the
lower part of the core was correlated to the post LGM sequence recov-
ered in core EG-02. Down core ages were obtained by linear interpola-
tion between dated/correlated levels (Fig. 2). Sediment accumulation
rate was also determined (Fig. 3).

3.3. Micropalaeontological analyses

3.3.1. Calcareous nannofossils
A total of 98 samples were analysed for calcareous nannofossil con-

tent with a sampling interval of 10 cm. All samples were prepared from
unprocessed material as smear slides, following standard techniques
(Bown and Young, 1998) and examined using a Zeiss Axioskop lightmi-
croscope at 1250× magnification. The coccoliths were counted in 200
fields of view, corresponding to a smear slide area of 6.28 mm2 follow-
ing themethod described by Backman and Shackleton (1983) and Rio et
al. (1990). Relative abundance, expressed in percentage, and absolute
abundance, expressed as number of specimens per 10 mm2 in the slides,
were calculated. Only one sample is completely barren and few samples
in the lower part of the core,mainly corresponding to the ice-rafted debris
(IRD) deposits, contain very rare nannofossils. The state of coccolith pres-
ervation varies from poor to good. A number of ecological indices were
calculated and considered for environmental reconstruction, such as:

• the ratio between Emiliania huxleyi and Coccolithus pelagicus s.l. (H/P
ratio) that in the Nordic Seas fossil assemblages gives indication on
the location of the Arctic Front (Andruleit and Baumann, 1998) sepa-
rating the seasonally sea ice covered Polar and Arctic water from the
warmer and saltier Atlantic-derived water. This ratio was expressed
in logarithmic scale;

cal age (cal a BP) 2 σ cal age (cal a BP) Median probability (cal a BP)
7–336 and 344–356 151–159 and 227–424 302
45–1873 1686–1938 1813
54–4663 and 4673–4807 4569–4832 4723
51–7027 6787–7129 6946
50–7357 7201–7408 7303
54–8200 8010–8281 8143
99–9450 9199–9509 9370
,221–12,476 12,085–12,539 12,335
,652–13,957 13,495–14,083 13,800
,126–14,802 13,957–15,125 14,505



Fig. 2. Correlation between 17603-3, EG-02 and EG-03 cores, based on the proposed age model (see text for details). Calibrated calendar ages are indicated with red arrows.
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Image of Fig. 2


• the dominance and ShannonWiener diversity indiceswere calculated
from species relative abundance, using the software PAST (Hammer et
al., 2001).

4.1. Lithology and sediment characteristics

The sedimentary sequence (Fig. 3) from the bottom to the top of the
core consists of ice-rafted debris (IRD)-rich sediments and finely lami-
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Additionally, the cold-water taxa, obtained by the sum of the C.
pelagicus s.l., E. huxleyi (N4 μm) and Gephyrocapsa muellerae, were plot-
ted against warm-water taxa that includes E. huxleyi (b4 μm),
Gephyrocapsa oceanica and small Gephyrocapsa spp.

3.3.2. Diatoms
A total of 48 samples were analysed for diatom content at a variable

spacing distance of 10–20 cm. Slides for diatomswere prepared follow-

ing the technique described by Rathburn et al. (1997). At least 300 dia-

tom valves were identified in each sample and counted at 1000×
magnification using an Ortholux lightmicroscope following themethod
described by Crosta and Koç (2007). In the samples containing rare dia-
toms, in terms of numbers, the counting was extended to 1000 fields of
view. Relative abundance, expressed in percentage, and total absolute
diatom abundance (ADA), expressed as number of frustules per gram
of dryweight (v/gdw),were calculated for each sample using themeth-
odology described by Armand (1997). The dominance and Shannon
Wiener diversity indices were calculated from species relative abun-
dance, using the software PAST (Hammer et al., 2001).

3.3.3. Planktonic foraminifera
The 51 samples analysed for planktonic foraminifera were dry

weighed andwet sieved at 63 μm, keeping the silt-clay fraction formin-

eralogical analysis. The sandy residueswere dried at 50 °C, weighed and

dry-sieved at 150 μm. Only the latter fraction (N150 μm) was analysed,
for comparison with the results obtained from the sediment cores re-
covered in the area surrounding site 17603-3 (i.e. Lucchi et al., 2013).
About 250 specimens were counted for each sample and identified at
species level; subsequently relative abundance of each species was
expressed as relative percentage. The taxonomy follows that of
Hemleben et al. (1989) and Darling et al. (2006). The flux of planktonic
foraminiferal assemblage (planktonic foraminiferal accumulation rate -
PFAR) (number/cm2/kyr) was determined together with the flux of the
three dominant species Neogloboquadrina pachyderma (s), Turborotalita
quinqueloba and Neogloboquadrina incompta as:

Species AR ¼ Abundance of planktonic foraminifera per g of dry sediment n � g−1� �

�dry bulk density g � cm−3� �

�sedimentation rate cm � ka−1
� �

:

In addition, the number of planktonic foraminiferal fragments was
counted and expressed as the relative percentage of the total planktonic
foraminiferal abundance to quantify the degree of dissolution according
to Thunell (1976) and Conan et al. (2002). The dominance and Shannon
diversity indiceswere calculated from species relative abundance, using
the software PAST (Hammer et al., 2001).

4. Results

The agemodel for the studied core and the comparisonwith the sed-

imentary sequence of the neighbouring core EG-02, indicate the pres-
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ence of an expanded sequence spanning last 14.5 cal ky BP (974 cm-
thick, insteadof 305 cmof core EG-02, Fig. 2). In particular, theHolocene
sequence appears exceptionally expanded with over 600 cm with re-
spect to the 250 cm of core EG-03 and many other cores collected in
this area (e.g. Jessen et al., 2010 and references therein).
nated sediments, containing cm/mm-thick sandy or silty layers (974–
880 cm). The interval 880–605 cm contains sparse IRD that are abun-
dant between 835 and 880 cm. Sandy/silty mottles and crudely layered
sediments (605–240 cm) contain abundant black patches composed of
organic matter rich sediments (vigorous reaction to peroxide water).
The interval 240–0 cm consists of bioturbated sediments.

The grain size distribution (Fig. 3) is characterized by predominant
silt, often over 60%with an almost constant clay content (ca. 22% on av-
erage), and little sand content (10% on average). Peaks of sand corre-
spond to the sandy layers of the laminated facies (e.g. at 940 cm),
whereas slightly higher contents characterize the crudely layered
lithofacies.

Thewater content increases progressively from bottom to the top of
the core with minimum values corresponding to sandy layers.

The predominant clay mineral is illite (43–66%), followed by kaolin-
ite (12–31%), chlorite (14–23%) and smectite (4–18%) (Fig. 3). Illite,
chlorite and kaolinite have an almost stable percentage down core, ex-
cept within the laminated sediments, where illite decreases having an
opposite trend with respect to chlorite and kaolinite (slight increase of
percentages). Smectite has an up-core general increasing trend, with
low–trace values at the base of the core where laminated and IRD-rich
sediments occur and consistently higher values in the crudely layered
and heavily bioturbated sediments.

The Ca/Ti and Fe/Ti ratios (Fig. 3) were used to distinguish between
biogenic and terrigenous input respectively. The two trends are almost
opposite with biogenic-Ca barren sediments in the laminated and mas-
sive IRD lithofacies at the base of the core. The biogenic-Ca content in-
creases progressively from 835 cm (14 cal ka BP) to the top of the
core. At about 660 cm(12.3 cal ka BP) there is a distinct relative increase
of the Fe content (minimum of Ca content), corresponding to a peak of
the magnetic susceptibility that, in other cores, has been related to the
presence of an oxidized layer (OX1, Lucchi et al., 2013), not observed
in the studied core.

4.2. Micropalaeontological content

4.2.1. Calcareous nannofossils
The following taxa are discussed: Calcidiscus leptoporus, Coccolithus

pelagicus s.l., Emiliania huxleyi, Gephyrocapsa muellerae, Gephyrocapsa
oceanica; Gephyrocapsa b3 μm are indicated as small Gephyrocapsa
spp. The assemblage is well represented by Holocene species together
with some Palaeogene and Cretaceous reworked taxa (Discoaster
binodosus, Arkhangelskiella maastrichtiana, Biscutum spp., Staurolithites
spp., Eiffellithus spp., Microrhabdulus spp., Tranolithus spp., Watznaueria
spp., Zeugrhabdotus spp.). For most micropalaeontological studies, the
presence of reworked specimens is usually considered as a disturbing
factor where palaeoenvironmental and biostratigraphic interpretations
are to be made. However, reworking of microfossils, such as calcareous
nannofossils, can be used providing useful information on erosion-
transport processes acting in the area (Ferreira et al., 2008). Chiefly
on the basis of biometric subdivisions, the following E. huxleyi
morphotypes were distinguished: E. huxleyi b4 μm and E. huxleyi N
4 μm, following Colmenero-Hidalgo et al. (2002). The E. huxleyi b4 μm
variety shows warm-water preferences, whereas the E. huxleyi N

4 μm variety is considered to represent a cold-water form
(Colmenero-Hidalgo et al., 2002; Flores et al., 2010). The nannofossil
total abundance (without reworking), calculated on number of speci-
mens per fixed area, spans from 0 to 11,476 coccoliths/10mm2 through
the core (Fig. 4). The interval from974 to 596 cm is characterized by low
total abundance of nannofossils (up to 1331 coccoliths/10 mm2), with
predominant E. huxleyi (up to 1293 coccoliths/10 mm2 or 100%) (Fig.
4). The increase of the relatively cold-water species G. muellerae (up



Fig. 3. Lithological log of core 17603-3 showing magnetic susceptibility (κ), water content, grain sizes, clay mineral content, sedimentation rate, Ca/Fe and Ca/Ti plots against core depth.
The radiocarbon dated levels are also indicated. W= Cibicides wuellerstorfi first occurrence. The horizontal dotted lines correspond to time interval limits, commented in the discussions.
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Image of Fig. 3


to 12.39%) characterizes this interval alongwith a slight increase of total
reworking (Fig. 4). A distinct crossover in abundance between E. huxleyi
(N4 μm)and E. huxleyi (b4 μm)occurs between 650 and 630 cm(Fig. 4).
The interval from 596 to 215 cm is characterized by increase of the total

increases to its highest value (11,476 coccoliths/10 mm2) and it is per-
sistently high up to the top of the core (Fig. 4).

Since the nannofossil assemblage is of lowdiversity through the core
(ShannonWiener diversity index up to 1.56), important changes in the

Fig. 4. Abundances of calcareous nannofossil, diatom and planktonic foraminiferal species for the investigated core plotted versus depth. ADA = absolute diatom abundance; CRS =
Chaetoceros resting spore; W = Cibicides wuellerstorfi first occurrence; PF = planktonic foraminifera; PFAR = planktonic foraminiferal accumulation rate; microfossil total abundances
are shown in purple. Red arrows indicate calibrated calendar ages dated by AMS 14C (see Table 2 for details). Dotted lines indicate nannofossil absolute abundance, expressed as n. of
coccoliths/10 mm2 in the slide, and flux of planktonic foraminifera, expressed as number/cm2/kyr.
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abundance of nannofossils (up to 8014 coccoliths/10 mm2). The total
reworking reaches values up to 97 coccoliths/10 mm2 at 560 cm and
it decreases towards the top of the core (Fig. 4). The interval between
596 and 215 cm is dominated by E. huxleyi (up to 94%) together with
C. leptoporus (up to 4%),G. oceanica (up to 13%) and small Gephyrocapsa
spp. (up to 11%) (Fig. 4). A drop of cold-water speciesG.muellerae (up to
0.5%) and a rise of relativelywarm-water taxaG. oceanica (up to 6%) and
small Gephyrocapsa spp. (up to 3%) occur at 560 cm (Fig. 4). A main
crossover between dominance and diversity indices occurs at 410 cm
(Fig. 5). An abrupt increase of relatively cold-water species C. pelagicus
s.l. up to 36.04% and a concomitant slight decrease of E. huxleyi up to
53.49% occur between 390 and 215 cm (Fig. 4). The highest G. oceanica
percentage is recorded at 240 cmwith values up to 12.54% (Fig. 4). The
interval between 215 and 0 cm is characterized by high values of C.
pelagicus s.l. (up to 56.63%) and E. huxleyi (up to 69.11%). Gephyrocapsa
oceanica records an abrupt decrease togetherwith a general nannofossil
total abundance drop (up to 3210 coccoliths/10 mm2); although small
Gephyrocapsa spp. relative abundance is generally low, its abundance
trend shows a peak above 4% at 80 cm. The nannofossil total abundance
assemblage structure can be described by ratio variations of the two
dominant species E. huxleyi and C. pelagicus s.l. (H/P ratio), following
Andruleit and Baumann (1998) (Fig. 5). According to recent oceano-
graphic settings in the Nordic Seas an H/P ratio of N0 is indicative of At-
lantic influenced conditions, while an H/P ratio of b0 indicates Arctic to
Polar influenced conditions. The H/P ratio spans from −0.16 to 3.14
through the core (Fig. 5). An abrupt H/P ratio decrease is shown within
the interlaminated lithofacies at 940 cm (up to 0); the highest H/P ratio
is recorded between 460 and 450 cm with values up to 3.14. The H/P
ratio presents a descending trend towards the top of the core (Fig. 5).

4.2.2. Diatoms
Seventeen diatom genera and 33 specieswere recognized. The abso-

lute diatom abundance (ADA) spans from 0 to 23.3 × 106 v/gdw. The in-
terval from 974 to 840 cm is characterized by the total absence of
diatoms. The first diatom appearance occurs at 840 cm. The ADA
shows values between 0 and 7.4 × 106 v/gdw from 840 to 596 cm.
Chaetoceros (subgenus Hyalochaete) resting spore (CRS) dominates
the assemblage reaching relative abundances up to 42.9%; the slight

Image of Fig. 4


increase of relatively warm-water taxa Coscinodiscus spp. (up to 75%)
and Thalassiosira oestrupii (up to 14%) characterizes the interval be-
tween 840 and 596 cm alongwith three peaks of the cold-water species
Thalassiosira antarctica. The latter presents a descending trend towards

The interval from 596 to 215 cm is characterized by the decrease of
CRS and the abrupt increase of ADA, associated to high relative abun-
dance of warm-water species Coscinodiscus spp. (mainly C. marginatus
and C. radiatus). This genus reaches values up to 63% between 596 and

Fig. 5. Various ecological indices plotted against depth. The ratio of the two nannofossil dominant species Emiliania huxleyi and Coccolithus pelagicus (H/P ratio) equal to 0, approximately,
marks the transition fromAtlantic to Arctic influenced conditions. The cold-water taxa group (C. pelagicus, E. huxleyi (N4 μm) andGephyrocapsamuellerae) are plotted againstwarm-water
taxa (E. huxleyi (b4 μm), Gephyrocapsa oceanica and small Gephyrocapsa spp.). Dominance and Shannon Wiener diversity indices for all microfossil groups are shown. W = Cibicides
wuellerstorfi first occurrence. Calibrated calendar ages are indicated with red arrows.
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the top of this interval with the highest peak at 840 cm (14%) (Fig. 4).
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215 cm and slightly decreases towards the top of this interval.

Image of Fig. 5


Rhizosolenia cf. borealis, proxy for mixing water, derived from warmer
(Norwegian) and colder (Arctic) waters, occurs between 596 and
215 cm. A peakof T. oestrupii abundance (28%) is recorded at 240 cm. Al-
though T. antarctica relative abundance is generally very low, its abun-

(Junttila et al., 2010). On the basis of the agemodel and variations inmi-
crofossil assemblages, three intervals of significant climate changes dur-
ing the last 14.5 cal ky BP are identified: Late Pleistocene (14.5–11.7 cal
ka BP; 974–596 cm), early Holocene (11.7–8.2 cal ka BP; 596–215 cm)
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dance trend shows a peak above 5% at 260 cm. The ADA presents two
main peaks at 480 cm (12.4 × 106 v/gdw) and at 320 cm (11.9 × 106

v/gdw). The interval from 215 to 0 cm is characterized by an abrupt in-
crease of CRS (up to 87.1%). Coscinodiscus spp. and T. oestrupii show
values up to ~6% until 140 cm, then they abruptly decrease to 0%. Gen-
erally low ADA (0.2–3.6 × 106 v/gdw) is recorded until 80 cm. Diatoms
disappear abruptly around 80 cm (Fig. 4). Coscinodiscus spp. is the only
warm-water taxa in the upper part of the core having relative abun-
dance above 2%. The cold-water related species T. antarctica increases
in the topmost 40 cm of the core showing values up to 6%. The ADA
abruptly increases in the uppermost 80 cm reaching the highest value
(23.3×106 v/gdw) at the top of the core (Fig. 4). ShannonWiener diver-
sity index spans from 0 to 2.04 and it is generally higher than domi-
nance (0.16–1) (Fig. 5).

4.2.3. Planktonic foraminifera
The dominant planktonic foraminiferal species are Neogloboquadrina

pachyderma (s), followed by Turborotalita quinqueloba and
Neogloboquadrina incompta.Globigerina bulloides, Globigerina falconensis,
Globigerinita glutinata,Globigerinita uvula andOrcadia riedeli are present
in low percentages (b19%). In this paper, we considered only the dom-
inant species as they represent N80% of the entire association and they
are the most significant taxa for palaeoenvironmental interpretations.
Planktonic foraminifera are rare or absent from the base of the core
up to 410 cm and the total abundance shows an increasing trend to-
wards the top of the core, reaching values higher than 500 ind/g of
dry sediment (Fig. 4). The PFAR shows a slight decrease between 410
and 215 cm, it rises between 215 and 160 cm, reaching its highest
value (about 50,000 ind/cm2/ky) at 160 cm; in the upper part of the
core, between 160 and 0 cm it drops to value lower than 20,000 ind/
cm2/ky. In the interval from 974 to 596 cm, Neogloboquadrina
pachyderma (s) is the dominant species, but always with low abun-
dance; its flux reaches the value of 8765 ind/cm2/ky at the 650 cm
(Fig. 4). A drastic reduction of N. pachyderma (s) both as percentage
and as flux occurs between 596 and 410 cm and following, until
215 cm, again a rise with percentages exceeding 86% (Fig. 4).
Turborotalita quinqueloba is the second most common species. In the
lower part of the core it is virtually absent up to 596 cm. It is present
with high percentages (22–81%) between 596 and 215 cm, and then it
decreases in the upper part of the core (215–0 cm) up to 7%. The flux
of T. quinqueloba shows low values until 420 cm (0–2064 ind/cm2/ky)
and it reaches its highest value (32,520 ind/cm2/ky) at 350 cm.
Neogloboquadrina incompta is found in very low percentages between
974 and 596 cm. It follows an increase up to 430 cm reaching percent-
ages of 20–25%, with a decrease up to 8% at 450 cm. From 410 to
215 cm it increases with a maximum of 22% at 310 cm. In the upper
part of the core (215–0 cm) N. incompta occurs with low percentages
(up to 19%) (Fig. 4). The percentages of fragmented tests are high (up
to 35%) between 974 and 596 cm and they span from 0 to 20% between
596 and 215 cm. In the upper part of the core (215–0 cm), the percent-
ages of fragments show an increasing trend, reaching values of 32% at
130 cm(Fig. 4). Twomain crossovers between dominance and Shannon
diversity indices occur at 610 cm and 220 cm; other minor fluctuations
are recorded towards the top of the core (Fig. 5).

5. Discussions

The recovered core contains an expanded sedimentary sequence
that includes continuous Upper Pleistocene and Holocene sediments.
The climatic fluctuations within the studied intervals are well depicted
by the microfossil assemblages and distribution of smectite that, in the
studied area, is mainly transported by the North Atlantic Current
and middle-late Holocene (8.2–0.3 cal ka BP; 215–0 cm).

5.1. Late Pleistocene: 14.5–11.7 cal ka BP (974–596 cm)

The oldest recognized sediments, at the base of the core, deposited
between 14.5 and 11.7 cal ka BP. It includes the Bølling-Allerød intersta-
dial (B-A, 14.5–12.9 cal ka BP; Kienast andMcKay, 2001) and the Youn-
ger Dryas stadial (YD, 12.9–11.7 cal ka BP; Broecker et al., 2010),
correlated with δ18O record of the Greenland GRIP ice core (Johnsen et
al., 1997) (Fig. 6). During the Late Pleistocene, the Svalbard/Barents
Sea Ice Sheet (SBSIS) melting and retreat, forced by the seasonal con-
trast in insolation, influenced climate changes (Anderson et al., 1988),
contributing to trigger the deglacial two-step dynamic (Alley et al.,
1997; Broecker et al., 1985). The rare occurrence of nannofossils, dia-
toms and planktonic foraminifera in the lowermost part of core
17603-3 (Fig. 6) is related to low productivity as a result of sea-ice
cover (Villa et al., 2005; Zamelczyk et al., 2012). In particular, the scarci-
ty of calcareous nannofossils was primarily related to low sea surface
temperature (SST) as well as the presence of large volume of dense sed-
iment-laden meltwater, affecting light penetration during the initial
phase of the deglaciation, dampening the primary productivity.

The laminated lithofacies, dating 14.4–14.2 cal ka BP, was
interpreted as deriving from sediment-laden meltwater associated to
the Meltwater Pulse 1A (MWP-1A) (Lucchi et al., 2013, 2015) (Fig. 6).
The MWP-1A was responsible for massive input of terrigenous sedi-
ments in the depositional system as indicated also by the high sedimen-
tation rate recorded during this interval (Fig. 3). According to Kienast et
al. (2003) this event coincides with the Bølling warm interstadial.
Lucchi et al. (2013) argued that thiswarmeventwas possibly character-
ized by multi-year sea ice on the basis of the scarcity of IRD content in
the laminated sediments. In this scenario, the absence of diatoms be-
tween 14.5 and 14.1 cal ka BP could be related to the presence of turbid
meltwaters and/or by dissolution due to the presence of aggressive
stratified water masses.

The generally warming trend is depicted during the B-A through the
increase of the Emiliania huxleyi and Coccolithus pelagicus s.l. ratio (H/P
ratio) and progressive increase of smectite content, indicating enhanced
advection of Atlanticwater to the study area. Although low temperature
water affinity (Braarud, 1979; Samtleben et al., 1995), the nannoplank-
ton C. pelagicus s.l. preference for fronts of moderate salinity gradients
(Cachão and Moita, 2000) is tentatively used to explain its rare occur-
rence during the Late Pleistocene deglaciation, responsible for freshwa-
ter release. Above the laminated sediments, the massive IRD interval
(Fig. 3), dated between 14.2 and 14.0 cal ka BP according to our age
model, indicates a sudden, massive increase of iceberg calving offshore
the Kveithola Trough. According to Lucchi et al. (2013) this interval re-
cords one of the main SBSIS collapses that cleared the outer shelf area
from permanent ice cover.

Following this ice-sheet collapse, the sedimentary sequence dated
between 14.0 and 12.9 cal ka BP is characterized by the presence of
cold-water taxa such as Emiliania huxleyi (N4 μm), Gephyrocapsa
muellerae and Thalassiosira antarctica that suggest development of sea-
sonal sea-ice. Freshwater released by iceberg melting, following the
outer ice-sheet collapse, would result in increased sea-ice formation.
As a matter of fact, present day observations from Southern high lati-
tudes indicate that, while subsurface warm ocean current causes basal
ice-shelf melting, freshwater around Antarctica, having a higher freez-
ing point, caused the extension of the seasonal sea-ice over the past
few years, despite increased temperatures (Collins et al., 2013; Turner
and Overland, 2009). As confirmation of the analogy, a concurrent oc-
currence of the nannofossil E. huxleyi (b4 μm), and the diatoms
Coscinodiscus spp. and Thalassiosira oestrupii suggests intrusion of



Fig. 6. Abundances of calcareous nannofossil, diatom and planktonic foraminiferal species for the investigated core plotted versus calendar age. Smectite and Ca/Fe, Ca/Ti ratio plots are shown. H/P ratio, warm and cold-water taxa curve, dominance
and ShannonWiener diversity are plotted versus calendar age. The lower part of theH/P ratio curve is dotted due to the absence of C. pelagicus, commented in the text. The summer insolation curve at 65° N for the studied interval, following Laskar et
al. (2004), is shown in orange on the right of the figure. The Greenland ice core δ18O GRIP and the summer insolationwere selected and downloaded fromofficial data repositories (e.g., International Research Institute for Climate and Society database,
https://iridl.ldeo.columbia.edu/SOURCES/.ICE/.CORE/.GRIP/.o18/ and Virtual Observatory Paris Data Centre, http://vo.imcce.fr/insola/earth/online/earth/earth.html). ADA = absolute diatom abundance; CRS = Chaetoceros resting spore; W =
Cibicides wuellerstorfi first occurrence; PF = planktonic foraminifera; PFAR = planktonic foraminiferal accumulation rate; MWP-1A = Meltwater Pulse 1A; B-A = Bølling-Allerød; YD = Younger Dryas; HTM = Holocene Thermal Maximum;
DACP = Dark Ages Cold Period; LIA = Little Ice Age. Microfossil total abundances are shown in purple. Dotted lines indicate nannofossil absolute abundance, expressed as n. of coccoliths/10 mm2 in the slide, and flux of planktonic foraminifera,
expressed as number/cm2/kyr.
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relatively warm Atlantic water in the studied area. The absence of
Coccolithus pelagicus s.l. and the decrease of E. huxleyi (N4 μm), G.
muellerae and T. antarctica from 14.0 to 12.9 cal ka BP confirm the gen-
eral climatic amelioration (B-A). Notably, the sharp decrease of E.

(b4 μm), Gephyrocapsa oceanica, small Gephyrocapsa spp., along with
the diatoms Coscinodiscus spp., Thalassiosira oestrupii, Rhizosolenia cf.
borealis, that are warm-water taxa indicating a pronounced inflow of
warm Atlantic water into the study area. The increase of smectite sup-
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huxleyi (N4 μm) confirms that this larger variety is a cold-water form
(Colmenero-Hidalgo et al., 2002) whose abundance was reduced as a
consequence of the progressive warming due to North Atlantic water
during the B-A, supported also by the nannofossil cold-water and
warm-water taxa curves, which indicate the climatic amelioration
(Fig. 6). In addition, the presence of diatom Chaetoceros resting spores
(CRS), between 14.1 and 12.9 cal ka BP, further indicates highly strati-
fied and low salinity surface waters (Armand et al., 2005; Crosta et al.,
1997), typical of intense melting during deglaciation conditions.

Between 12.9 and 11.7 cal ka BP the nannofossil, diatom and plank-
tonic foraminiferal total abundances were generally low. In particular,
between 12.9 and 12.2 cal ka BP, the neat decrease of the warm-water
taxa E. huxleyi (b4 μm), the low abundance of Coscinodiscus spp. and
the high planktonic foraminiferal fragmentation may indicate low SST.
The concomitant presence of the cold-water taxa Neogloboquadrina
pachyderma (s), E. huxleyi (N4 μm), G. muellerae and T. antarctica sug-
gests evidences of a cold period that could correspond to the YD cold
event, in agreement with Barron et al. (2009) who affirmed that micro-
fossil proxies declined during the YD. The deterioration of the climate,
during the interval 12.9–12.2 cal ka BP, is confirmed by the slight de-
crease of H/P ratio, indicating a Southern displacement of the Polar
front (Andruleit and Baumann, 1998). Such conditions suggest an en-
hanced East Spitsbergen Current, which might have contributed to the
inflow of polar waters in the Storfjorden-Kveithola. A possible re-ad-
vance of the ice sheet in the area is testified by a relative increase of Fe
content in the sediments, representing the terrigenous component
input with consequent reduction of the Ca content (Fig. 6).

The transition towarmer conditions, towards the end of the YD, was
accompanied by enhanced biological productivity as reflected by the in-
crease in the microfossil abundances at ca. 12 cal ka BP, the increase of
Ca content and the regional first occurrence of the benthic foraminifer
Cibicidoides wuellerstorfi (12.3 cal ka BP), defined as the first warming
signal of bottom waters after the YD by T.L. Rasmussen et al. (2007)
and Sarnthein et al. (2003).

5.2. Early Holocene: 11.7–8.2 cal ka BP (596–215 cm)

The interval between 11.7 and 8.2 cal ka BP includes the Pre-Boreal
Oscillation (11.7–11.3 cal ka BP, Björck et al., 1997; T.L. Rasmussen et
al., 2007; S.O. Rasmussen et al., 2007)) and the Holocene Thermal Maxi-
mum (HTM), also indicated as Altithermal or Hypsithermal (Wanner et
al., 2008). The Pre-Boreal Oscillation represents the transition from Late
Pleistocene to early Holocene milder climatic conditions. This early in-
terval of the Holocene is characterized by the deposition of crudely lay-
ered sediments (Fig. 3), having sedimentological characteristics that
indicate deposition under the effect of bottom currents (Lucchi et al.,
2013). During this climatic transition, the biological productivity recov-
ered and determined a rapid increase of the foraminiferal biodiversity,
with high percentages of subpolar taxa as Turborotalita quinqueloba
andNeogloboquadrina incompta that are indicative of productive surface
water masses found in the vicinity of the Arctic and Polar fronts (Fig. 6).
The increase of Ca content, during this period, is correlated to calcareous
nannofossil increasing trend. This rise indicates seasonal ice-free condi-
tion, as also supported by higher H/P ratio that marks the beginning of
the interglacial conditions.

The peak of Cretaceous reworked coccoliths at 11.4 cal ka BP (Fig. 6)
can be explained by resedimentation of Cretaceous sediments (Hjelle,
1993) eroded by ice streams during the previous deglaciation phase
(Andreassen et al., 2008; Ottesen et al., 2008).

Following the Pre-Boreal Oscillation, a relativelywarm stable climatic
phase occurred (11.3–9.3 cal ka BP), characterized by a sharp increased
abundance of calcareous nannofossils, dominated by Emiliania huxleyi
ports this interpretation. The presence of Coscinodiscus spp. and R. cf.
borealis among diatoms reflects shallowing of the mixed layer (Koç
and Schrader, 1990) as a consequence of stronger summer insolation.
The high flux of the planktonic foraminifer N. incompta confirms the cli-
matic ameliorationwith strongly stratifiedwater column, characterized
by a reduced mixed layer and high chlorophyll-a concentrations (King
andHoward, 2003). This climatic interval is defined as theHTMbecause
the subsurfacewaters along theWesternmargin of Svalbardwere dom-
inated by Atlantic water reaching their maximum temperature (Jansen
et al., 2009; Jessen et al., 2010; Kaufman et al., 2004; Rasmussen and
Thomsen, 2014; Wanner et al., 2008). Our data are comparable with
the diatom results observed in cores EG-02, EG-03 and SV-04, collected
in the neighbouring Storfjorden TMF (Lucchi et al., 2013). The coccolith
and diatom concentration peak, registered at ca. 10 cal ka BP, might re-
flect the response of the phytoplankton to the orbitally-forced maxi-
mum summer insolation (Laskar et al., 2004; Wanner et al., 2008),
responsible for the HTM (Kaufman et al., 2004; Renssen et al., 2009,
2012). The H/P ratio supports the SST increase at around 10 cal ka BP,
in agreement with the insolation curve (Laskar et al., 2004) (Fig. 6).
Warm conditions are sustained also by the crossover between domi-
nance and diversity indices of the nannofossil and planktonic foraminif-
eral assemblages (Fig. 6). Cronin and Cronin (2015) and Moran et al.
(2006) asserted that the strengthening of warm inflowing Atlantic
water in the Arctic is one of themechanisms driving the species increas-
ing diversity. According to Baumann et al. (2000) this warm environ-
ment determined the Northern displacement of the Arctic front.

A cooling trend, starting at approximately 9.3 cal ka BP, is marked by
a relative increase of cold-water taxa, such as Coccolithus pelagicus s.l.,
Thalassiosira antarctica and N. pachyderma (s) (Fig. 6). The decrease of
smectite values confirms a decline of Atlantic water inflow in the area,
in agreementwith a decrease of theH/P ratio. Evidence of climatic dete-
rioration towards the top of the early Holocene is supported by reduc-
tion of warm-water taxa, as E. huxleyi (b4 μm), small Gephyrocapsa
spp., Coscinodiscus spp., R. cf. borealis, T. quinqueloba and N. incompta,
culminating in the so-called “8.2 event” (Alley et al., 1997). The latter
event was hypothetically generated by a catastrophic release of fresh-
water from the glacial lakes Agassiz and Ojibway that drained cold-wa-
ters through the Hudson Strait after the Laurentide Ice Sheet collapse,
affecting the North Atlantic Deep Water formation (Barber et al.,
1999). According to Alley et al. (1997) this is considered to be the
most noticeable climatic event of the Holocene recorded in the Green-
land ice cores.

5.3. Middle-late Holocene: post 8.2–0.3 cal ka BP (215–0 cm)

The stratigraphic interval between 8.2 and 0.3 cal ka BP is character-
ized by bioturbated sediments (Fig. 3) that were deposited by contour
currents under progressively ameliorated environmental conditions
favourable to the biological productivity.

Starting from ca. 8 cal ka BP the calcareous microfossil abundances
experienced a new increasing trend (Fig. 6). The peaks of Coccolithus
pelagicus s.l. and CRS at 7.3 cal ka BP are not to be ascribed to high pri-
mary productivity, but rather to higher dissolution resistance of these
species (Fig. 6).

The calcareous microfossil concentration increases during the inter-
val 6.4–4 cal ka BP corresponding to a short period of reintensification of
Atlantic Water advection, which maximum clearly occurred during the
previous HTM. During this interval, the calcareous nannofossil associa-
tion is characterized by shared relative abundances between cold and
warm water-taxa.

A gradual cooling during the late Holocene, since ca. 4 cal ka BP, is re-
corded by nannofossil total abundance decrease together with the



increase of cold-water taxa as Coccolithus pelagicus s.l.,
Neogloboquadrina pachyderma (s) and Thalassiosira antarctica. This
change indicates sea surface cooling with seasonal sea ice presence, in
agreement with Ślubowska-Woldengen et al. (2008) who indicated

• The earlyHolocene interval (11.7–8.2 cal ka BP) records a) the Pre-Bo-
real Oscillation, characterized by a progressive increase ofmicrofossils
biodiversity and abundance, with high H/P ratio marking the onset of
interglacial condition; and b) theHolocene ThermalMaximum (HTM)
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that an atmospheric cooling and a reduction of the Atlantic water inflow
occurred between 4 and 2 cal ka BP. The preference of Gephyrocapsa
muellerae, a well-known cold-water adapted taxon (Bollmann, 1997),
in this interval is not supported by our data. The highest CRS peak re-
corded at 3.8 cal ka BP indicates spring sea ice melting coinciding with
the ADA peak (14 × 106 v/gdw). The cooling trend corresponds to the
so-called Cool Late Holocene (Andersen et al., 2004) known also as
Neoglacial cold event that was described by Koç et al. (1993) and attrib-
uted to the decline of summer insolation in the Northern high latitude
by Imbrie et al. (1992) and Wanner et al. (2011).

According to our age model, the interval dating 2.5–2 cal ka BP is
characterized by a crossover betweenwarm and cold-water nannofossil
taxa. However, the sampling resolution in the upper part of the core is
too low to provide detailed information on very short climatic variation.
A clear increase of the cold-water nannofossil taxa C. pelagicus s.l. marks
a climatic deterioration since ca. 2 cal ka BP that we related to the Dark
Ages Cold Period (DACP; Ljungqvist, 2010). The latter and the following
Little Ice Age (LIA) are thought to have been triggered by a combination
of a reduction in solar irradiance and explosive volcanism (Wanner et
al., 2011). The very last sample, dated at 0.3 cal ka BP, falls within the
LIA time; the only micropalaeontological evidences that could suggest
harsh LIA conditions are the high C. pelagicus s.l., N. pachyderma (s)
and T. antarctica abundances. The increasing trend of the nannofossil
cold-water taxa curve supports the Neoglaciation evidences towards
the top of the core (Fig. 6).

6. Conclusions

The 974 cm long sediment core collected from the Kveithola TMF
middle slope (GeoB17603-3) contains an expanded sedimentary record
dating 14.5–0.3 cal ka BP; over 600 cm deposited during the Holocene.
Quantitative microfossil assemblage analyses (calcareous nannofossils,
diatoms and planktonic foraminifera) and clayminerals gave promising
results outlining their close relation to the climatically induced changes
in the characteristics of surface water on the NW Barents Sea over last
14.5 cal ky BP. Accordingly with previous studies in the region, we
assigned the microfossil species to different palaeoecological groups,
and in particular with respect to Sea Surface Temperature (SST).
Nannofossil indices such as E. huxleyi and C. pelagicus s.l. (H/P) ratio,
poorly used in the Arctic environment, is considered in support of
major climatic variations. The reconstructions of surface water condi-
tions highlight the strong coupling between the advances and retreats
of the Svalbard-Barents Sea Ice Sheet (SBSIS), the interplay of Atlantic/
Arctic water masses flows over the study area, and insolation orbital
forcing.

Three intervals of significant climate change were identified: Late
Pleistocene (14.5–11.7 cal ka BP; 974–596 cm), early Holocene (11.7–
8.2 cal ka BP; 596–215 cm) and middle-late Holocene (8.2–0.3 cal
ka BP; 215–0 cm):

• Late Pleistocene sediments (14.5–11.7 cal ka BP) record a) the Bølling-
Allerød interstadial, consisting of laminated lithofacies, indicating in-
tense ice-melting, and massive IRD deposition that accompanied the
SBSIS collapse; and b) the Younger Dryas stadial, characterized by a
general decrease of microfossils abundance with presence of cold
taxa and often fragmented/reworked species.

• The transition towarmer conditions, during the late YD is indicated by
the increase in microfossil abundances and the first occurrence of the
benthic foraminifer Cibicidoides wuellerstorfi as proxy for Atlantic in-
flux and climatic amelioration. According to calibrated radiocarbon
ages the first occurrence of C. wuellerstorfi dates as early as 12.3 cal
ka BP.

1

characterized by a sharp increase of microfossil abundance (warm-
water taxa), Ca and smectite contents. The high concentration of
coccoliths and diatoms observed at ca. 10 cal ka BP has been related
to the phytoplankton response to the orbitally-forcedmaximumsum-
mer insolation, responsible for the HTM. From approximately 9.3 cal
ka BP, an environmental cooling trend is depicted on the microfossils
assemblage and the H/P ratio, culminating at around 8.2 cal ka BP;

• The middle-late Holocene is characterized by an initial (8.2–4.0 cal
ka BP) environmental amelioration, characterized by a slight domi-
nance of warm taxa, after which another gradual cooling is recorded
by the increase of cold-water adapted taxa that we associated to the
decline of summer insolation in the Northern high latitude, responsi-
ble for the onset of the Neoglacial cold event.
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