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Abstract 6 

Apart from long-term changes, the Earth’s climate has been punctuated by numerous 7 

short-lived events that had a tremendous influence on terrestrial and marine ecosystems. The 8 

present interglacial is a relatively warm and stable period, especially compared to the preceding 9 

glacial time. However, several prominent cooling events have been identified within the 10 

Holocene, some of them of overregional importance. Based on previously published marine 11 

records from the Nordic Seas, we describe for the first time an event centered around 6.7 ka 12 

BP. Paleoceanographic proxies along the North Atlantic Drift reveal a distinct subsurface water 13 

cooling, preceded by a stepwise increase in sea-ice cover in the eastern Fram Strait. The results 14 

indicate that the onset of deep convection in the Greenland Sea and the westward shift of the 15 

main flow of Atlantic Water allowed sea-ice advection from the Barents Sea. The increased 16 

sea-ice cover weakened the Atlantic Water advection. The perturbation of the overturning 17 

circulation in the eastern Nordic Seas had far-reaching consequences, including changes in 18 

deep-water circulation in the North Atlantic, cooling over vast areas of both hemispheres, and 19 

weakening of the East Asian monsoon. The described events show that, during a relatively 20 

warm and stable interval, a fairly local cooling can occur, and the resulting sequence of 21 

environmental changes can spread globally. Understanding the mechanisms behind events that 22 

occur within generally stable intervals is invaluable for future climate predictions. 23 
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Introduction 27 

The present interglacial (Walker et al., 2009) is a relatively warm and stable interval in 28 

terms of environmental conditions, especially when compared with the preceding Pleistocene 29 

epoch (e.g., Andersen et al., 2004) marked by Dansgaard-Oeschger events, or Greenland 30 

interstadials (Dansgaard et al., 1993; Johnsen et al., 1992), and Greenland stadials bundled into 31 

Bond cycles (Bond et al., 1993) recorded both in marine and terrestrial archives. However, 32 

several prominent cooling events have been identified within the Holocene (e.g., Wanner et al., 33 

2011; Werner et al., 2013 and references therein). Some of them were proven to be of regional 34 

or overregional importance (e.g., Bond et al., 2001; Wanner et al., 2011). Bond et al. (1997) 35 

suggested a millennial-scale cyclicity of North Atlantic cooling episodes, expressed mainly as 36 

phases of increased ice rafting in the region. However, cyclicity has later been questioned 37 

(Obrochta et al., 2012) as different dynamical processes seem to have played a major role in 38 

the particular events (Wanner et al., 2011). 39 

Three climate oscillations were recorded in the early Holocene section of Greenland ice 40 

cores (Rasmussen et al., 2007). These include the well-known 8.2 ka event (e.g., Alley and 41 

Ágústsdóttir, 2005; Rohling and Pälike, 2005; Wiersma and Renssen, 2006), the 9.3 ka event 42 

of shorter duration but almost similar amplitude (e.g., Bond et al., 1997; McDermott et al., 43 

2001; Von Grafenstein et al., 1999), and the Preboreal Oscillation during the Holocene's first 44 

centuries (e.g., Björck et al., 1997; van der Plicht et al., 2004). The expression of these cold 45 

relapses can also be found in marine sediment records (e.g., Bond et al., 2001; Hald et al., 2007; 46 

Sternal et al., 2014; Telesiński et al., 2018; Werner et al., 2013). Another widespread climate 47 



deterioration occurred at 2.7 ka (e.g., van Geel et al., 2000) and was most probably caused by 48 

a perturbation of the Atlantic Meridional Overturning Circulation (Hall et al., 2004; Thornalley 49 

et al., 2009), initiated by a solar irradiance anomaly (Renssen et al., 2006) and a subsequent 50 

disruption of deep convection in the Nordic Seas (Telesiński et al., 2015). 51 

Wanner et al. (2011) identified six cold relapses that interrupted periods of more stable 52 

and warmer climate over the last 10,000 years. These events, recorded in time series of 53 

temperature and humidity/precipitation and identified at least in the extratropical area of the 54 

Northern Hemisphere, were centered around 8.2, 6.3, 4.7, 2.7, 1.55 and 0.55 ka BP, thus roughly 55 

correlating to Bond events 0-5. 56 

In this paper, we focus on the interval between 7 and 6 ka BP, generally regarded as one 57 

of the warmest intervals of the Holocene in the Northern Hemisphere, during which substantial 58 

cooling of subsurface waters, expressed as an increase in the percentage of a polar planktic 59 

foraminiferal species Neogloboquadrina pachyderma, is observed in several marine sediment 60 

records along the North Atlantic Drift (NAD) in the Nordic Seas. This event, centered around 61 

6.7 ka BP, correlates roughly with the onset of cooling trends observed in different parts of the 62 

world (e.g., Bond et al., 2001; Oppo et al., 2003; Wanner et al., 2011). Thus, we examine 63 

whether the subsurface cooling in the Nordic Seas might have acted as a trigger for a widespread 64 

cooling event. 65 

Material and Methods 66 

For the study, we have selected seven previously published marine sedimentary records 67 

from the eastern and northern Nordic Seas of at least multicentennial resolution. These include 68 

(Fig. 1) cores MD95-2011 (Risebrobakken et al., 2003), M17730 (Telesiński et al., 2015), 69 

M23258 (Sarnthein et al., 2003), MSM5/5-712 (Werner et al., 2013), JM10-330 (Consolaro et 70 



al., 2015), MSM5/5-723 (Müller et al., 2012) and OCE2017-GR02 (Telesiński et al., 2022). 71 

Details of the cores are given in Table 1. 72 

As the age models of all the cores are radiocarbon-based, we recalibrated them using 73 

the Marine20 calibration curve (Heaton et al., 2020). All radiocarbon ages were calibrated using 74 

the CALIB 14C age calibration software (rev. 8.1.0; Stuiver and Reimer, 1993). A regional 75 

correction of ΔR = -149±31 14C years was applied for all cores except GR02. This value was 76 

calculated with the Marine Reservoir Correction database (Reimer and Reimer, 2001) and the 77 

Marine20 curve (Heaton et al., 2022, 2020) using the same whale bones samples as those used 78 

by Mangerud et al. (2006). For core GR02 no regional correction was used (Devendra et al., 79 

2022; Telesiński et al., 2022). 80 

It should be noted that while the four planktic foraminiferal records from the Fram Strait 81 

(GR02, MSM5/5-723, JM10-330 and MSM5/5-712) are based on the >100 µm fraction, the 82 

records from further south (M23258, M17730 and MD95-2011) are based on the >150 µm 83 

fraction, which could somewhat bias the comparison. This fact has been taken into account in 84 

the discussion. To facilitate the comparison of the records, they were smoothed using moving 85 

means of different numbers of data points, depending on their average Holocene temporal 86 

resolution (i.e., higher resolution records were averaged over a larger number of data points 87 

than the lower resolution records), to obtain an average resolution of approximately 500 years. 88 

Both raw and smoothed data are presented. 89 

Subsurface cooling along the NAD 90 

An increase in the relative abundance of N. pachyderma can be observed between ~8.5 91 

and 8 ka BP in most of the presented records (Fig. 2). The increase in the abundance of this 92 

polar species indicates a widespread cooling of the subsurface water associated with the 8.2 ka 93 

BP event (e.g., Hald et al., 2007; Risebrobakken et al., 2003). The signal was particularly strong 94 



in the two southernmost located cores (MD95-2011 and M17730), and the subsequent return to 95 

warmer conditions lasted longer (until c. 7.6 ka BP) at these sites. In the Fram Strait, the 8.2 ka 96 

BP event was less pronounced, and already around 8 ka BP rapid warming occurred, peaking 97 

around 7.8-7.9 ka BP. This is in agreement with recent studies on the origin of the 8.2 ka BP 98 

event, indicating an increase in freshwater input into the Labrador Sea and a decrease in Atlantic 99 

Water (AW) export from the subpolar gyre into the Nordic Seas (e.g., Born and Levermann, 100 

2010; Matero et al., 2017). As the cause of the event was located southwest of the Nordic Seas, 101 

it seems obvious that the southern part of the region was affected more than its northern part. 102 

Shortly after the warm rebound, the relative abundance of N. pachyderma in the Nordic 103 

Seas started to increase again (Fig. 2) and after ~7 ka BP, a further steep increase occurred. It 104 

culminated around 6.7 ka BP, slightly earlier in the Fram Strait records than farther south. Only 105 

~6 ka BP the N. pachyderma abundances decreased to levels comparable to those before 7 ka 106 

BP. In core MSM5/5-712 from the eastern Fram Strait, the cooling was twofold, with peaks 107 

centered around 6.8 and 6.2 ka BP. Originally, these were treated as two separate events 108 

(Werner et al., 2013). However, it should be noted that between the two peaks, the abundance 109 

of N. pachyderma remained higher than before and after them and thus the two peaks can be 110 

regarded as two phases of the same event.  111 

Although in the southern records (MD95-2011 and M17730) the increase in N. 112 

pachyderma abundance was of lower amplitude than that around 8.2 ka BP, in the Fram Strait 113 

records the amplitude was greater and the event was even recorded in core GR02 from the 114 

continental slope of NE Greenland, in which the 8.2 ka BP event was absent. It should be kept 115 

in mind that the Fram Strait records are based on the >100µm fraction (Consolaro et al., 2018; 116 

Telesiński et al., 2022; Werner et al., 2015, 2013), in contrast to the >150µm fraction used in 117 

the southern cores (Risebrobakken et al., 2003; Sarnthein et al., 2003; Telesiński et al., 2015). 118 

The different size fractions might at least partly explain the difference in the amplitude of the 119 



faunal changes between the records. Subpolar species, e.g., Turborotalita quinqueloba, tend to 120 

reach smaller test sizes in the polar North Atlantic, so the records based on smaller fractions are 121 

more sensitive to changes in AW inflow (e.g., Kandiano and Bauch, 2002). However, this did 122 

not influence the relative differences in the amplitudes of the 6.7 ka BP event compared to the 123 

8.2 ka BP event in individual records. 124 

The increase in N. pachyderma abundance between 7 and 6 ka BP was accompanied by 125 

changes in other proxies from the presented records. Most notably, a stepwise increase of the 126 

PBIP25 index in core MSM5/5-723 (Werner et al., 2015) around 7 ka BP (Fig. 3B) indicates an 127 

increase in sea-ice cover (Müller et al., 2011). In the same record, the fragmentation of planktic 128 

foraminifera increased parallel to the relative abundance of N. pachyderma (Fig. 3C), indicating 129 

the increased impact of cold, corrosive Arctic surface waters on the study area (Werner et al., 130 

2015). The enhanced dissolution of planktic foraminiferal tests in the Fram Strait might also 131 

partly explain the particularly high percentages of N. pachyderma in this area, as thin-walled 132 

tests of subpolar species (e.g., T. quinqueloba) can be dissolved more easily in a corrosive 133 

environment than the thick-walled specimens of N. pachyderma (e.g., Ofstad et al., 2021). Both 134 

in the Fram Strait (core JM10-330) and the Norwegian Sea (cores M17730 and MD95-2011), 135 

a distinct decrease in planktic foraminiferal abundance occurred between 7 and 6 ka BP (Fig. 136 

3D), which might also be related to the increased dissolution of foraminiferal tests. An increase 137 

in ice rafting can also be observed in the Fram Strait (core MSM5/5-712) around that time (Fig. 138 

3E). Meanwhile, the alkenone-based reconstruction from the northern Norwegian Sea (core 139 

M23258) shows that the interval during which the subsurface cooling occurred was one of the 140 

warmest within the Holocene in terms of sea surface temperatures (Fig. 3F), in line with the 141 

September insolation at 78°N (Fig. 3A). 142 



Causes and consequences of the 6.7 ka BP event 143 

The middle part of the Holocene is generally considered the warmest and most stable 144 

interval. It is characterized by high summer temperatures in the mid- and high-latitude areas of 145 

the Northern Hemisphere (e.g., Alverson et al., 2003; Deevey and Flint, 1957; Nesje and 146 

Kvamme, 1991; Renssen et al., 2009; Wanner et al., 2011, 2008). Although the June insolation, 147 

which is the strongest in the Northern Hemisphere, was already in decline (Laskar et al., 2004), 148 

the July and August insolation was still quite high, while the September insolation reached its 149 

maximum only around 6 ka BP (Fig. 3A). Furthermore, large ice sheets delaying ocean 150 

warming through katabatic winds and meltwater discharge were mostly gone in the middle 151 

Holocene (e.g., Hormes et al., 2013; Seidenkrantz et al., 2012). This is well reflected in sea 152 

surface temperature (Fig. 3F; Calvo et al., 2002; Łącka et al., 2019; Martrat et al., 2003) and 153 

terrestrial records (e.g., Thompson et al., 2022) covering this interval. Depending on the region 154 

and paleoenvironmental proxies used, large discrepancies exist in the boundaries of the warmest 155 

phase of the Holocene (e.g., Kaufman et al., 2004). However, regardless of the exact timing of 156 

the middle Holocene (e.g., Renssen et al., 2009; Walker et al., 2019; Wanner et al., 2011, 2008), 157 

the interval between 7 and 6 ka BP falls within most of its definitions. Thus, this time interval 158 

can be regarded as the warmest part of the present interglacial, at least in the mid- and high-159 

latitudes of the Northern Hemisphere. Despite this, distinct subsurface water cooling is 160 

observed along the NAD, suggesting a decrease in AW advection into the Nordic Seas. 161 

After the 8.2 ka event, the AW inflow into the eastern Nordic Seas resumed, as shown 162 

by the decrease in the percentages of N. pachyderma in all the discussed records (Fig. 2). The 163 

Iceland-Scotland Overflow Water flow speed also shows a distinct increase around that time 164 

(Hall et al., 2004). This indicates an intensification of the overturning circulation in the Nordic 165 

Seas probably related to the end of the widespread meltwater discharge from the Greenland Ice 166 

Sheet (GIS) (Seidenkrantz et al., 2012) and the subsequent onset of deep convection in the 167 



Greenland Sea (Telesiński et al., 2022; Thornalley et al., 2013). This increase in overturning 168 

circulation resulted in subsurface warming observed in the southernmost cores (MD95-2011 169 

and M17730-4) at ~7.5 ka BP. However, since the main AW flow has been shifted towards the 170 

Greenland Sea (Telesiński et al., 2022), in cores located farther north (M23258-2 and in the 171 

Fram Strait), after brief initial warming at 7.8-7.9 ka BP, cooling can be observed starting 172 

shortly thereafter. Subsurface water cooling might have triggered or at least enhanced a 173 

stepwise sea-ice expansion in the eastern Fram Strait that occurred around 7 ka BP (Fig. 3B). 174 

Increased sea-ice cover, in turn, must have influenced surface waters. Distinct surface water 175 

cooling can be observed in a record from Storfjordrenna, south of Svalbard (Fig. 3F; Łącka et 176 

al., 2019), suggesting that the sea ice was advected into the eastern Fram Strait from the western 177 

Barents Sea. Further south, however, no sign of cooling can be observed (Calvo et al., 2002; 178 

Martrat et al., 2003; Risebrobakken et al., 2010), indicating that the surface temperature 179 

decrease was limited roughly to the sea-ice-covered area. 180 

In contrast, for subsurface waters, the expansion of the sea-ice cover had much more 181 

far-reaching implications. Increased sea-ice cover enhanced further stepwise subsurface 182 

cooling (Fig. 2) by acting as a positive feedback mechanism (e.g., Gildor et al., 2003), i.e., by 183 

strengthening the halocline and causing the AW to sink deeper below it. The subsurface water 184 

cooling culminated around 6.7 ka BP. It was the most pronounced in the Fram Strait, but it was 185 

marked in all records along the NAD from the central Norwegian Sea to the NW Greenland 186 

Sea. Such a strong subsurface water cooling associated with a disruption of AW advection in a 187 

region as important for ocean circulation as the Nordic Seas could have had far-reaching 188 

consequences. Indeed, several studies, which we discuss below, report environmental 189 

perturbations that occurred after ~6.5 ka BP and could have a causal link with the described 190 

cooling event. 191 



A trend of decreasing contribution of high-δ13C North Atlantic Deep Water (NADW) 192 

relative to low-δ13C Southern Ocean Water (SOW) that began at about 6.5 ka BP and 193 

culminated around 5 ka BP was recorded in the subpolar NE North Atlantic (Oppo et al., 2003). 194 

A decrease in NADW contribution in the NE North Atlantic suggests that, despite active deep 195 

convection in the Greenland Sea (e.g., Telesiński et al., 2022), the overturning circulation in 196 

the eastern Nordic Seas was weakened, most probably by the described decrease in AW 197 

advection into this area. Further consequences that are being linked with the decreasing 198 

contribution of NADW in the NE North Atlantic (Oppo et al., 2003) include meteorological 199 

conditions at high latitudes which were especially winter-like (i.e., more similar to those during 200 

the YD and the glacial) from 6.1 to 5.0 ka BP. This is indicated by high sea-salt sodium flux in 201 

Greenland ice-core data, suggesting enhanced storminess (O’Brien et al., 1995; Rhodes et al., 202 

2018). Finally, a large proportion of cold, relatively fresh, ice-bearing surface water entering 203 

the NE North Atlantic from north of Iceland is indicated by a high relative abundance of 204 

hematite-stained grains (indicating that they originated from sedimentary deposits in Svalbard 205 

and eastern Greenland containing red beds) in sedimentary records from this area (Bond event 206 

4; Bond et al., 2001). This is also in agreement with a decrease in AW advection from the North 207 

Atlantic into the Nordic Seas. All three indications (Bond et al., 2001; O’Brien et al., 1995; 208 

Oppo et al., 2003) suggest that the interval between ~6.5 and 5 ka BP was one of the most 209 

severe climate events of the Holocene. This interval can be directly linked to the 6.7 ka BP 210 

event in the Nordic Seas not only because of the temporal convergence but also because the 211 

Nordic Seas are a key area for the Atlantic Meridional Overturning Circulation, one of the most 212 

important mechanisms regulating both oceanic and climatic environmental changes in the North 213 

Atlantic region (e.g., Johns et al., 2011). Modelling studies confirm that any perturbation in 214 

overturning circulation might bring large-scale climate responses: prominent cooling over the 215 

northern North Atlantic and neighbouring areas, sea-ice increases over the Nordic Seas and to 216 



the south of Greenland, and a significant southward rain-belt migration over the tropical 217 

Atlantic (Liu et al., 2020, 2017). 218 

Based on the carefully selected Holocene time series of temperature and 219 

humidity/precipitation, as well as reconstructions of glacier advances, Wanner et al. (2011) 220 

analysed the spatiotemporal pattern of six cold relapses of widespread reach during the last 221 

10,000 years. One of the identified events occurred within the Holocene Thermal Maximum, 222 

between 6.5 and 5.9 ka BP. It was characterised by a predominance of negative temperature 223 

anomalies in the Southern Hemisphere. Similarly, the inner area of North America was cool, in 224 

contrast to the area around Scandinavia where a majority of positive temperature anomalies 225 

occurred during this time. Especially the latter might seem surprising in the face of the cooling 226 

described here. However, first of all, the widespread event peaked at around 6.3 ka BP (Wanner 227 

et al., 2011), i.e., ~400 years after the peak of cooling in the Nordic Seas. The cooling and its 228 

consequences propagated time-transgressively away from its source, and by the time the 229 

widespread event reached its maximum, in the Nordic Seas the temperatures were already rising 230 

(Fig. 2). Second, cooling at 6.7 ka BP affected the subsurface water masses, while the surface 231 

waters were affected only locally, close to Svalbard (Fig. 3F). For this reason, the air 232 

temperatures around the Nordic Seas were not directly affected by the event. Finally, subsurface 233 

cooling had the largest amplitude in the Fram Strait, while off Scandinavia (e.g., site MD95-234 

2011) it was rather mild (Fig. 2).  235 

Further indications suggest that a cold North Atlantic area and a southward shift of the 236 

Intertropical Convergence Zone during the 6.5-5.9 ka BP cold relapse could have weakened the 237 

East Asian monsoon (Liu et al., 2017; Wanner et al., 2011; Xiao et al., 2009). It is also suggested 238 

that reduced solar activity was at the origin of the 6.5-5.9 ka BP cold relapse (Wanner et al., 239 

2011). However, the solar irradiance minimum occurred at only ~6.3 ka BP (Vonmoos et al., 240 

2006). While we find it plausible that changes in solar activity could have amplified the cooling 241 



and enhanced its spreading across both hemispheres (see, e.g., the discussion on the influence 242 

of solar activity on the 2.7 ka BP event in Telesiński et al., 2022, 2015; van Geel et al., 2000), 243 

it seems unrealistic to be a root cause as it occurred already within the cooling.  244 

The described environmental changes that occurred during the 6.5-5 ka BP interval 245 

show how the consequences of a fairly local event such as the one at 6.7 ka BP in the Nordic 246 

Seas can spread across the entire globe. Although a direct causal relationship between the 6.7 247 

ka BP event and its widespread implications might be difficult to prove and requires further 248 

studies, it certainly is possible, and the temporal convergence is very compelling. Therefore, 249 

we assume that the 6.7-ka BP event could have acted as a trigger for the widespread cooling 250 

event. 251 

The discussed sequence of events has important implications for the present-day 252 

environmental conditions and future predictions. It shows that even during a relatively warm 253 

and stable interval, a fairly local cold spell can occur, and its consequences can spread across 254 

both hemispheres. The ongoing warming of the Arctic (e.g., McKay and Kaufman, 2014; 255 

Schiermeier, 2007; Spielhagen et al., 2011; Walczowski and Piechura, 2007) is a harbinger of 256 

changes that will affect the entire planet (e.g., Boulton et al., 2014). However, these changes do 257 

not necessarily have to be straightforward or uniform (e.g., Cohen et al., 2020). Based on the 258 

paleoenvironmental proxy records presented here, we suggest that, for example, increased 259 

meltwater input from Svalbard glaciers and the GIS caused by increasing air temperatures (e.g., 260 

Hetzinger et al., 2021; van den Broeke et al., 2016) could lead to a similar cooling as the one 261 

that occurred 6.7 ka BP with comparable consequences reaching far beyond the Nordic Seas 262 

(e.g., Rahmstorf et al., 2015; Yang et al., 2016). For this reason, paleoreconstructions of such 263 

events should be taken into account in future climate predictions. 264 



Summary and conclusions 265 

The analysis of published marine sedimentary records retrieved along the NAD in the 266 

Nordic Seas allowed us to identify a subsurface water cooling event centered around 6.7 ka BP. 267 

After the 8.2 ka BP event, the overturning circulation in the Nordic Seas resumed. However, 268 

due to the onset of deep convection in the Greenland Sea, the main AW flow was shifted 269 

westward. This allowed sea-ice advection from the Barents Sea into the eastern Fram Strait. 270 

The increased sea-ice cover strengthened the halocline, the NAD was subducted below the 271 

fresher surface water, and its flow was weakened. Consequently, AW advection into the eastern 272 

Nordic Seas was reduced, resulting in subsurface water cooling. 273 

The disruption of AW advection in a region as important for ocean circulation as the 274 

Nordic Seas must have had far-reaching consequences. Indeed, several environmental changes 275 

subsequent to the 6.7 ka BP event exhibit not only temporal convergence, but also probable 276 

causal relationships proved by both proxy-based and modelling studies. These include: (a) a 277 

trend of decreasing contribution of NADW relative to SOW in the NE North Atlantic starting 278 

at 6.5 ka BP and culminating at 5 ka BP (Oppo et al., 2003), (b) especially winter-like 279 

meteorological conditions at high northern latitudes from 6.1 to 5.0 ka BP (O’Brien et al., 1995), 280 

(c) a large proportion of cold, fresh, ice-bearing surface water entering the NE Atlantic from 281 

north of Iceland (Bond event 4; Bond et al., 2001), (d) negative temperature anomalies in the 282 

North Atlantic area, inner North America and the Southern Hemisphere between 6.5 and 5.9 ka 283 

BP (Wanner et al., 2011), and (e) weakened East Asian monsoon between 6.4 and 6.05 ka BP 284 

(Xiao et al., 2009). Therefore, we assume that the 6.7 ka BP event was a trigger for the 285 

widespread cooling event. 286 

The 6.7 ka BP event in the Nordic Seas and its consequences show that even during a 287 

relatively warm and stable interval, a fairly local cold spell can occur, and the resulting 288 



sequence of environmental changes can spread even globally. Understanding the mechanisms 289 

behind events that occur within a generally warm interval is invaluable for future climate 290 

predictions. 291 

Acknowledgements 292 

This work was supported by the National Science Centre, Poland [grant number 293 

2020/39/B/ST10/01698]. 294 

References 295 

Alley, R.B., Ágústsdóttir, A.M., 2005. The 8k event: Cause and consequences of a major 296 

Holocene abrupt climate change. Quat. Sci. Rev. 24, 1123–1149. 297 

doi:10.1016/j.quascirev.2004.12.004 298 

Alverson, K.D., Pedersen, T.F., Bradley, R.S., 2003. Paleoclimate, Global Change and the 299 

Future, Global Cha. ed. Springer Berlin Heidelberg New York, Berlin Heidelberg New 300 

York. 301 

Andersen, K.K., Azuma, N., Barnola, J.-M., Bigler, M., Biscaye, P., Caillon, N., Chappellaz, 302 

J., Clausen, H.B., Dahl-Jensen, D., Fischer, H., Flückiger, J., Fritzsche, D., Fujii, Y., Goto-303 

Azuma, K., Grønvold, K., Gundestrup, N.S., Hansson, M.E., Huber, C., Hvidberg, C.S., 304 

Johnsen, S.J., Jonsell, U., Jouzel, J., Kipfstuhl, S., Landais, A., Leuenberger, M., Lorrain, 305 

R., Masson-Delmotte, V., Miller, H., Motoyama, H., Narita, H., Popp, T., Rasmussen, 306 

S.O., Raynaud, D., Rothlisberger, R., Ruth, U., Samyn, D., Schwander, J., Shoji, H., 307 

Siggard-Andersen, M.-L., Steffensen, J.P., Stocker, T.F., Sveinbjörnsdottir, A.E., 308 

Svensson, A.M., Takata, M., Tison, J.-L., Thorsteinsson, T., Watanabe, O., Wilhelms, F., 309 

White, J.W.C., 2004. High-resolution record of Northern Hemisphere climate extending 310 

into the last interglacial period. Nature 431, 147–151. doi:10.1038/nature02805 311 



Björck, S., Rundgren, M., Ingólfsson, Ó., Funder, S., 1997. The Preboreal oscillation around 312 

the Nordic Seas : terrestrial and lacustrine responses. J. Quat. Sci. 12, 455–465. 313 

Bond, G.C., Broecker, W.S., Johnsen, S.J., McManus, J.F., Labeyrie, L.D., Jouzel, J., Bonani, 314 

G., 1993. Correlations between climate records from North Atlantic sediments and 315 

Greenland ice. Nature 365, 143–147. 316 

Bond, G.C., Kromer, B., Beer, J., Muscheler, R., Evans, M.N., Showers, W., Hoffmann, S., 317 

Lotti-Bond, R., Hajdas, I., Bonani, G., 2001. Persistent solar influence on North Atlantic 318 

climate during the Holocene. Science (80-. ). 294, 2130–2136. 319 

doi:10.1126/science.1065680 320 

Bond, G.C., Showers, W., Cheseby, M., Lotti, R., Almasi, P., DeMenocal, P., Priore, P., Cullen, 321 

H., Hajdas, I., Bonani, G., 1997. A Pervasive Millennial-Scale Cycle in North Atlantic 322 

Holocene and Glacial Climates. Science (80-. ). 278, 1257–1266. 323 

doi:10.1126/science.278.5341.1257 324 

Born, A., Levermann, A., 2010. The 8.2 ka event: Abrupt transition of the subpolar gyre toward 325 

a modern North Atlantic circulation. Geochemistry, Geophys. Geosystems 11, Q06011. 326 

doi:10.1029/2009GC003024 327 

Boulton, C.A., Allison, L.C., Lenton, T.M., 2014. Early warning signals of Atlantic Meridional 328 

Overturning Circulation collapse in a fully coupled climate model. Nat. Commun. 5, 5752. 329 

doi:10.1038/ncomms6752 330 

Calvo, E., Grimalt, J.O., Jansen, E., 2002. High resolution U37K sea surface temperature 331 

reconstruction in the Norwegian Sea during the Holocene. Quat. Sci. Rev. 21, 1385–1394. 332 

Cohen, J., Zhang, X., Francis, J., Jung, T., Kwok, R., Overland, J., Ballinger, T.J., Bhatt, U.S., 333 

Chen, H.W., Coumou, D., Feldstein, S., Gu, H., Handorf, D., Henderson, G., Ionita, M., 334 



Kretschmer, M., Laliberte, F., Lee, S., Linderholm, H.W., Maslowski, W., Peings, Y., 335 

Pfeiffer, K., Rigor, I., Semmler, T., Stroeve, J., Taylor, P.C., Vavrus, S., Vihma, T., Wang, 336 

S., Wendisch, M., Wu, Y., Yoon, J., 2020. Divergent consensuses on Arctic amplification 337 

influence on midlatitude severe winter weather. Nat. Clim. Chang. 10, 20–29. 338 

doi:10.1038/s41558-019-0662-y 339 

Consolaro, C., Rasmussen, T.L., Panieri, G., 2018. Palaeoceanographic and environmental 340 

changes in the eastern Fram Strait during the last 14,000 years based on benthic and 341 

planktonic foraminifera. Mar. Micropaleontol. 139, 84–101. 342 

doi:10.1016/j.marmicro.2017.11.001 343 

Consolaro, C., Rasmussen, T.L., Panieri, G., Mienert, J., Bünz, S., Sztybor, K., 2015. Carbon 344 

isotope (d13C) excursions suggest times of major methane release during the last 14 kyr 345 

in Fram Strait, the deep-water gateway to the Arctic. Clim. Past 11, 669–685. 346 

doi:10.5194/cp-11-669-2015 347 

Dansgaard, W., Johnsen, S.J., Clausen, H.B., Dahl-Jensen, D., Gundestrup, N.S., Hammer, 348 

C.U., Hvidberg, C.S., Steffensen, J.P., Sveinbjörnsdottir, A.E., Jouzel, J., Bond, G.C., 349 

1993. Evidence for general instability of past climate from a 250-kyr ice-core record. 350 

Nature 364, 218–220. 351 

Deevey, E.S., Flint, R.F., 1957. Postglacial Hypsithermal Interval. Science (80-. ). 125, 182–352 

184. doi:10.1126/science.125.3240.182 353 

Devendra, D., Łącka, M., Telesiński, M.M., Rasmussen, T.L., Sztybor, K., Zajączkowski, M., 354 

2022. Paleoceanography of the Northwestern Greenland Sea and Return Atlantic Current 355 

evolution, 35–4 kyr BP. Glob. Planet. Change 103947. 356 

doi:10.1016/j.gloplacha.2022.103947 357 

Gildor, H., Tziperman, E., Nienow, P.W., Shepherd, J.G., Alley, R.B., Lawton, J.H., 358 



Mahadevan, A., Lenton, T.M., 2003. Sea-ice switches and abrupt climate change. Philos. 359 

Trans. R. Soc. A Math. Phys. Eng. Sci. 361, 1935–1944. doi:10.1098/rsta.2003.1244 360 

Hald, M., Andersson, C., Ebbesen, H., Jansen, E., Klitgaard-Kristensen, D., Risebrobakken, B., 361 

Salomonsen, G.R., Sarnthein, M., Petter, H., Telford, R.J., 2007. Variations in temperature 362 

and extent of Atlantic Water in the northern North Atlantic during the Holocene. Quat. 363 

Sci. Rev. 26, 3423–3440. doi:10.1016/j.quascirev.2007.10.005 364 

Hall, I.R., Bianchi, G.G., Evans, J.R., 2004. Centennial to millennial scale Holocene climate-365 

deep water linkage in the North Atlantic. Quat. Sci. Rev. 23, 1529–1536. 366 

doi:10.1016/j.quascirev.2004.04.004 367 

Heaton, T.J., Bard, E., Bronk Ramsey, C., Butzin, M., Hatté, C., Hughen, K.A., Köhler, P., 368 

Reimer, P.J., 2022. A RESPONSE TO COMMUNITY QUESTIONS ON THE 369 

MARINE20 RADIOCARBON AGE CALIBRATION CURVE: MARINE RESERVOIR 370 

AGES AND THE CALIBRATION OF 14 C SAMPLES FROM THE OCEANS. 371 

Radiocarbon 00, 1–27. doi:10.1017/RDC.2022.66 372 

Heaton, T.J., Köhler, P., Butzin, M., Bard, E., Reimer, R.W., Austin, W.E.N., Ramsey, C.B., 373 

Grootes, P.M., Hughen, K.A., Kromer, B., Reimer, P.J., Adkins, J.F., Burke, A., Cook, 374 

M.S., Olsen, J., Skinner, L.C., 2020. Marine20 — the Marine Radiocarbon Age 375 

Calibration Curve (0 – 55,000 Cal Bp). Radiocarbon 00, 1–42. doi:10.1017/RDC.2020.68 376 

Hetzinger, S., Halfar, J., Zajacz, Z., Möller, M., Wisshak, M., 2021. Late twentieth century 377 

increase in northern Spitsbergen (Svalbard) glacier-derived runoff tracked by coralline 378 

algal Ba/Ca ratios. Clim. Dyn. 56, 3295–3303. doi:10.1007/s00382-021-05642-x 379 

Hormes, A., Gjermundsen, E.F., Rasmussen, T.L., 2013. From mountain top to the deep sea - 380 

Deglaciation in 4D of the northwestern Barents Sea ice sheet. Quat. Sci. Rev. 75, 78–99. 381 

doi:10.1016/j.quascirev.2013.04.009 382 



Johns, W.E., Baringer, M.O., Beal, L.M., Cunningham, S.A., Kanzow, T., Bryden, H.L., 383 

Hirschi, J.J.M., Marotzke, J., Meinen, C.S., Shaw, B., Curry, R., 2011. Continuous, Array-384 

Based Estimates of Atlantic Ocean Heat Transport at 26.5°N. J. Clim. 24, 2429–2449. 385 

doi:10.1175/2010JCLI3997.1 386 

Johnsen, S.J., Clausen, H.B., Dansgaard, W., Fuhrer, K., Gundestrup, N.S., Hammer, C.U., 387 

Iversen, P., Jouzel, J., Stauffer, B., Steffensen, J.P., 1992. Irregular glacial interstadials 388 

recorded in a new Greenland ice core. Nature 359, 311–313. 389 

Kandiano, E.S., Bauch, H.A., 2002. Implications of planktic foraminiferal size fractions for the 390 

glacial-interglacial paleoceanography of the polar North Atlantic. J. Foraminifer. Res. 32, 391 

245–251. 392 

Kaufman, D.S., Ager, T.A., Anderson, N.J., Anderson, P.M., Andrews, J.T., Bartlein, P.J., 393 

Brubaker, L.B., Coats, L.L., Cwynar, L.C., Duvall, M.L., Dyke, A.S., Edwards, M.E., 394 

Eisner, W.R., Gajewski, K., Geirsdóttir, A., Hu, F.S., Jennings, A.E., Kaplan, M.R., 395 

Kerwin, M.W., Lozhkin, A. V., MacDonald, G.M., Miller, G.H., Mock, C.J., Oswald, 396 

W.W., Otto-Bliesner, B.L., Porinchu, D.F., Rühland, K., Smol, J.P., Steig, E.J., Wolfe, 397 

B.B., 2004. Holocene thermal maximum in the western Arctic (0-180°W). Quat. Sci. Rev. 398 

23, 529–560. doi:10.1016/j.quascirev.2003.09.007 399 

Łącka, M., Cao, M., Rosell-Melé, A., Pawłowska, J., Kucharska, M., Forwick, M., 400 

Zajączkowski, M., 2019. Postglacial paleoceanography of the western Barents Sea: 401 

Implications for alkenone-based sea surface temperatures and primary productivity. Quat. 402 

Sci. Rev. 224. doi:10.1016/j.quascirev.2019.105973 403 

Laskar, J., Robutel, P., Joutel, F., Gastineau, M., Correia,  a. C.M., Levrard, B., 2004. A long-404 

term numerical solution for the insolation quantities of the Earth. Astron. Astrophys. 428, 405 

261–285. doi:10.1051/0004-6361:20041335 406 



Liu, W., Fedorov, A. V., Xie, S.P., Hu, S., 2020. Climate impacts of a weakened Atlantic 407 

Meridional Overturning Circulation in a warming climate. Sci. Adv. 6, 1–9. 408 

doi:10.1126/sciadv.aaz4876 409 

Liu, W., Xie, S.P., Liu, Z., Zhu, J., 2017. Overlooked possibility of a collapsed Atlantic 410 

Meridional Overturning Circulation in warming climate. Sci. Adv. 3, 1–8. 411 

doi:10.1126/sciadv.1601666 412 

Mangerud, J., Bondevik, S., Gulliksen, S., Karin Hufthammer, A., Høisæter, T., 2006. Marine 413 

14C reservoir ages for 19th century whales and molluscs from the North Atlantic. Quat. 414 

Sci. Rev. 25, 3228–3245. doi:10.1016/j.quascirev.2006.03.010 415 

Martrat, B., Grimalt, J.O., Villanueva, J., Van Kreveld, S., Sarnthein, M., 2003. Climatic 416 

dependence of the organic matter contributions in the north eastern Norwegian Sea over 417 

the last 15,000 years. Org. Geochem. 34, 1057–1070. doi:10.1016/S0146-6380(03)00084-418 

6 419 

Matero, I.S.O., Gregoire, L.J., Ivanovic, R.F., Tindall, J.C., Haywood, A.M., 2017. The 8.2 ka 420 

cooling event caused by Laurentide ice saddle collapse. Earth Planet. Sci. Lett. 473, 205–421 

214. doi:10.1016/j.epsl.2017.06.011 422 

McDermott, F., Mattey, D.P., Hawkesworth, C., 2001. Centennial-scale Holocene climate 423 

variability revealed by a high-resolution speleothem δ18O record from SW Ireland. 424 

Science (80-. ). 294. doi:10.1126/science.1063678 425 

McKay, N.P., Kaufman, D.S., 2014. An extended Arctic proxy temperature database for the 426 

past 2,000 years. Sci. Data 1, 1–10. doi:10.1038/sdata.2014.26 427 

Müller, J., Wagner, A., Fahl, K., Stein, R., Prange, M., Lohmann, G., 2011. Towards 428 

quantitative sea ice reconstructions in the northern North Atlantic: A combined biomarker 429 



and numerical modelling approach. Earth Planet. Sci. Lett. 306, 137–148. 430 

doi:10.1016/j.epsl.2011.04.011 431 

Müller, J., Werner, K., Stein, R., Fahl, K., Moros, M., Jansen, E., 2012. Holocene cooling 432 

culminates in sea ice oscillations in Fram Strait. Quat. Sci. Rev. 47, 1–14. 433 

doi:10.1016/j.quascirev.2012.04.024 434 

Nesje, A., Kvamme, M., 1991. Holocene glacier and climate variations in western Norway: 435 

Evidence for early Holocene glacier demise and multiple Neoglacial events. Geology 19, 436 

610–612. doi:https://doi.org/10.1130/0091-437 

7613(1991)019%3C0610:HGACVI%3E2.3.CO;2 438 

O’Brien, S.R., Mayewski, P.A., Meeker, L.D., Meese, D.A., Twickler, M.S., Whitlow, S.I., 439 

1995. Complexity of Holocene Climate as Reconstructed from a Greenland Ice Core. 440 

Science (80-. ). 270, 1962–1964. 441 

Obrochta, S.P., Miyahara, H., Yokoyama, Y., Crowley, T.J., 2012. A re-examination of 442 

evidence for the North Atlantic “ 1500-year cycle” at Site 609. Quat. Sci. Rev. 55, 23–33. 443 

doi:10.1016/j.quascirev.2012.08.008 444 

Ofstad, S., Zamelczyk, K., Kimoto, K., Chierici, M., Fransson, A., Rasmussen, T.L., 2021. 445 

Shell density of planktonic foraminifera and pteropod species Limacina helicina in the 446 

Barents Sea: Relation to ontogeny and water chemistry. PLoS One 16, 1–24. 447 

doi:10.1371/journal.pone.0249178 448 

Oppo, D.W., McManus, J.F., Cullen, J.L., 2003. Deepwater variability in the Holocene epoch. 449 

Nature 422, 277–277. doi:https://doi.org/10.1038/422277b 450 

Rahmstorf, S., Box, J.E., Feulner, G., Mann, M.E., Robinson, A., Rutherford, S., Schaffernicht, 451 

E.J., 2015. Exceptional twentieth-century slowdown in Atlantic Ocean overturning 452 



circulation. Nat. Clim. Chang. 5. doi:10.1038/nclimate2554 453 

Rasmussen, S.O., Vinther, B.M., Clausen, H.B., Andersen, K.K., 2007. Early Holocene climate 454 

oscillations recorded in three Greenland ice cores. Quat. Sci. Rev. 26, 1907–1914. 455 

doi:10.1016/j.quascirev.2007.06.015 456 

Reimer, P.J., Reimer, R.W., 2001. A marine reservoir correction database and on-line interface. 457 

Radiocarbon 43, 461–463. doi:10.1017/s0033822200038339 458 

Renssen, H., Goosse, H., Muscheler, R., 2006. Coupled climate model simulation of Holocene 459 

cooling events: oceanic feedback amplifies solar forcing. Clim. Past 2, 79–90. 460 

Renssen, H., Seppä, H., Heiri, O., Roche, D.M., Goosse, H., Fichefet, T., 2009. The spatial and 461 

temporal complexity of the Holocene thermal maximum. Nat. Geosci. 2, 411–414. 462 

doi:10.1038/ngeo513 463 

Rhodes, R.H., Yang, X., Wolff, E.W., 2018. Sea Ice Versus Storms: What Controls Sea Salt in 464 

Arctic Ice Cores? Geophys. Res. Lett. 45, 5572–5580. doi:10.1029/2018GL077403 465 

Risebrobakken, B., Jansen, E., Andersson, C., Mjelde, E., Hevrøy, K., 2003. A high-resolution 466 

study of Holocene paleoclimatic and paleoceanographic changes in the Nordic Seas. 467 

Paleoceanography 18, 1017. doi:10.1029/2002PA000764 468 

Risebrobakken, B., Moros, M., Ivanova, E. V., Chistyakova, N., Rosenberg, R., 2010. Climate 469 

and oceanographic variability in the SW Barents Sea during the Holocene. The Holocene 470 

20, 609–621. doi:10.1177/0959683609356586 471 

Rohling, E.J., Pälike, H., 2005. Centennial-scale climate cooling with a sudden cold event 472 

around 8,200 years ago. Nature 434, 975–979. 473 

Sarnthein, M., van Kreveld, S., Erlenkeuser, H., Grootes, P.M., Kucera, M., Pflaumann, U., 474 

Schulz, M., 2003. Centennial-to-millennial-scale periodicities of Holocene climate and 475 



sediment injections off the western Barents shelf, 75°N. Boreas 32, 447–461. 476 

doi:10.1080/03009480310003351 477 

Schiermeier, Q., 2007. Polar research: The new face of the Arctic. Nature 446, 133–135. 478 

doi:10.1038/446133a 479 

Seidenkrantz, M.-S., Ebbesen, H., Aagaard-Sørensen, S., Moros, M., Lloyd, J.M., Olsen, J., 480 

Knudsen, M.F., Kuijpers, A., 2012. Early Holocene large-scale meltwater discharge from 481 

Greenland documented by foraminifera and sediment parameters. Palaeogeogr. 482 

Palaeoclimatol. Palaeoecol. 391, 71–81. doi:10.1016/j.palaeo.2012.04.006 483 

Spielhagen, R.F., Werner, K., Aagaard-Sørensen, S., Zamelczyk, K., Kandiano, E.S., Budéus, 484 

G., Husum, K., Marchitto, T.M., Hald, M., 2011. Enhanced Modern Heat Transfer to the 485 

Arctic by Warm Atlantic Water. Science (80-. ). 331, 450–453. 486 

doi:10.1126/science.1197397 487 

Sternal, B., Szczuciński, W., Forwick, M., Zajączkowski, M., Lorenc, S., Przytarska, J.E., 2014. 488 

Postglacial variability in near-bottom current speed on the continental shelf off south-west 489 

Spitsbergen. J. Quat. Sci. 29, 767–777. doi:10.1002/jqs.2748 490 

Stuiver, M., Reimer, P.J., 1993. Radiocarbon calibration program. Radiocarbon 35, 215–230. 491 

Telesiński, M.M., Bauch, H.A., Spielhagen, R.F., Kandiano, E.S., 2015. Evolution of the 492 

central Nordic Seas over the last 20 thousand years. Quat. Sci. Rev. 121, 98–109. 493 

doi:10.1016/j.quascirev.2015.05.013 494 

Telesiński, M.M., Łącka, M., Kujawa, A., Zajączkowski, M., 2022. The significance of Atlantic 495 

Water routing in the Nordic Seas: The Holocene perspective. The Holocene 32, 1104–496 

1116. doi:10.1177/09596836221106974 497 

Telesiński, M.M., Przytarska, J.E., Sternal, B., Forwick, M., Szczuciński, W., Łącka, M., 498 



Zajączkowski, M., 2018. Palaeoceanographic evolution of the SW Svalbard shelf over the 499 

last 14 000 years. Boreas 47, 410–422. doi:10.1111/bor.12282 500 

Thompson, A.J., Zhu, J., Poulsen, C.J., Tierney, J.E., Skinner, C.B., 2022. Northern 501 

Hemisphere vegetation change drives a Holocene thermal maximum. Sci. Adv. 8, 1–11. 502 

doi:10.1126/sciadv.abj6535 503 

Thornalley, D.J.R., Blaschek, M., Davies, F.J., Praetorius, S., Oppo, D.W., McManus, J.F., 504 

Hall, I.R., Kleiven, H., Renssen, H., McCave, I.N., 2013. Long-term variations in Iceland–505 

Scotland overflow strength during the Holocene. Clim. Past 9, 2073–2084. 506 

doi:10.5194/cp-9-2073-2013 507 

Thornalley, D.J.R., Elderfield, H., McCave, I.N., 2009. Holocene oscillations in temperature 508 

and salinity of the surface subpolar North Atlantic. Nature 457, 711–4. 509 

doi:10.1038/nature07717 510 

van den Broeke, M.R., Enderlin, E.M., Howat, I.M., Kuipers Munneke, P., Noël, B.P.Y., Jan 511 

Van De Berg, W., Van Meijgaard, E., Wouters, B., 2016. On the recent contribution of the 512 

Greenland ice sheet to sea level change. Cryosphere 10, 1933–1946. doi:10.5194/tc-10-513 

1933-2016 514 

van der Plicht, J., van Geel, B., Bohncke, S.J.P., Blaauw, M., Speranza, A.O.M., Muscheler, 515 

R., Björck, S., 2004. The Preboreal climate reversal and a subsequent solar-forced climate 516 

shift. J. Quat. Sci. 19, 263–269. 517 

van Geel, B., Heusser, C.J., Renssen, H., Schuurmans, C.J.E., 2000. Climatic change in Chile 518 

at around 2700 BP and global evidence for solar forcing: A hypothesis. The Holocene 10, 519 

659–664. doi:10.1191/09596830094908 520 

Von Grafenstein, U., Erlenkeuser, H., Brauer, A., Jouzel, J., Johnsen, S.J., 1999. A mid-521 



European decadal isotope-climate record from 15,500 to 5000 years B.P. Science (80-. ). 522 

284, 1654–1657. doi:10.1126/science.284.5420.1654 523 

Vonmoos, M., Beer, J., Muscheler, R., 2006. Large variations in Holocene solar activity: 524 

Constraints from 10Be in the Greenland Ice Core Project ice core. J. Geophys. Res. 111, 525 

A10105. doi:10.1029/2005JA011500 526 

Walczowski, W., Piechura, J., 2007. Pathways of the Greenland Sea warming. Geophys. Res. 527 

Lett. 34, 5. doi:10.1029/2007GL029974 528 

Walker, M.J.C., Head, M.J., Lowe, J., Berkelhammer, M., BjÖrck, S., Cheng, H., Cwynar, L.C., 529 

Fisher, D., Gkinis, V., Long, A., Newnham, R., Rasmussen, S.O., Weiss, H., 2019. 530 

Subdividing the Holocene Series/Epoch: formalization of stages/ages and 531 

subseries/subepochs, and designation of GSSPs and auxiliary stratotypes. J. Quat. Sci. 34, 532 

173–186. doi:10.1002/jqs.3097 533 

Walker, M.J.C., Johnsen, S.J., Rasmussen, S.O., Popp, T., Steffensen, J.P., Gibbard, P.L., Hoek, 534 

W., Lowe, J., Andrews, J.T., Björck, S., Cwynar, L.C., Hughen, K.A., Kershaw, P., 535 

Kromer, B., Litt, T., Lowe, D.J., Nakagawa, T., Newnham, R., Schwander, J., 2009. 536 

Formal definition and dating of the GSSP (Global Stratotype Section and Point) for the 537 

base of the Holocene using the Greenland NGRIP ice core, and selected auxiliary records. 538 

J. Quat. Sci. 24, 3–17. doi:10.1002/jqs 539 

Wanner, H., Beer, J., Bütikofer, J., Crowley, T.J., Cubasch, U., Flückiger, J., Goosse, H., 540 

Grosjean, M., Joos, F., Kaplan, J.O., Küttel, M., Müller, S.A., Prentice, I.C., Solomina, O., 541 

Stocker, T.F., Tarasov, P., Wagner, M., Widmann, M., 2008. Mid- to Late Holocene 542 

climate change: an overview. Quat. Sci. Rev. 27, 1791–1828. 543 

doi:10.1016/j.quascirev.2008.06.013 544 

Wanner, H., Solomina, O., Grosjean, M., Ritz, S.P., Jetel, M., 2011. Structure and origin of 545 



Holocene cold events. Quat. Sci. Rev. 30, 3109–3123. 546 

doi:10.1016/j.quascirev.2011.07.010 547 

Werner, K., Müller, J., Husum, K., Spielhagen, R.F., Kandiano, E.S., Polyak, L., 2015. 548 

Holocene sea subsurface and surface water masses in the Fram Strait - Comparisons of 549 

temperature and sea-ice reconstructions. Quat. Sci. Rev. 550 

doi:10.1016/j.quascirev.2015.09.007 551 

Werner, K., Spielhagen, R.F., Bauch, D., Hass, H.C., Kandiano, E.S., 2013. Atlantic Water 552 

advection versus sea-ice advances in the eastern Fram Strait during the last 9 ka: 553 

Multiproxy evidence for a two-phase Holocene. Paleoceanography 28, 283–295. 554 

doi:10.1002/palo.20028 555 

Wiersma, A.P., Renssen, H., 2006. Model-data comparison for the 8.2 ka BP event: 556 

Confirmation of a forcing mechanism by catastrophic drainage of Laurentide Lakes. Quat. 557 

Sci. Rev. 25, 63–88. doi:10.1016/j.quascirev.2005.07.009 558 

Xiao, J., Chang, Z., Wen, R., Zhai, D., Itoh, S., Lomtatidze, Z., 2009. Holocene weak monsoon 559 

intervals indicated by low lake levels at Hulun Lake in the monsoonal margin region of 560 

northeastern Inner Mongolia, China. Holocene 19, 899–908. 561 

doi:10.1177/0959683609336574 562 

Yang, Q., Dixon, T.H., Myers, P.G., Bonin, J., Chambers, D., van den Broeke, M.R., 563 

Ribergaard, M.H., Mortensen, J., 2016. Recent increases in Arctic freshwater flux affects 564 

Labrador Sea convection and Atlantic overturning circulation. Nat. Commun. 7, 10525. 565 

doi:10.1038/ncomms10525 566 



Figure captions 567 

Fig. 1. Location of cores used in the study (dots) as well as present-day surface (red and blue 568 

arrows) and deep water circulation are shown. AF – Arctic Front, EGC – East Greenland 569 

Current, JMC – Jan Mayen Current, NAC – North Atlantic Current, PF – Polar Front, RAC – 570 

Return Atlantic Current, WSC – West Spitsbergen Current. 571 

Fig. 2. Relative abundance of polar planktic foraminiferal species N. pachyderma in records 572 

from the eastern and northern Nordic Seas. Increases in the abundance of N. pachyderma 573 

associated with the 8.2 ka BP and 6.7 ka BP events are marked with the blue shading.  574 

Fig. 3. Paleoenvironmental proxies indicating changes associated with the 6.7 ka BP event. A) 575 

Insolation at 78°N for June, July, August, and September (Laskar et al., 2004). B) PBIP25 index 576 

derived from biomarker data from core MSM5/5-723 (Werner et al., 2015). C) Fragmentation 577 

of planktic foraminifera tests in core MSM5/5-723 (Werner et al., 2015). D) Planktic 578 

foraminiferal abundance in cores JM10-330 (Consolaro et al., 2018), M17730 (Telesiński et al., 579 

2015) and MD95-2011 (Risebrobakken et al., 2003). E) Ice-rafted debris flux in core MSM5/5-580 

712 (Werner et al., 2013), F) Alkenone-based sea-surface temperature reconstructions from 581 

cores JM09-020 (Łącka et al., 2019) and M23258 (Martrat et al., 2003). The 6.7 ka BP event is 582 

marked with blue shading. 583 

Tables 584 

Table 1. Details on cores used in the study. KAL – Kastenlot core, PC – piston core, GC – 585 

gravity core. 586 

Core ID Latitude Longitude Water 
depth [m] 

Core 
type 

Location References 

GR02 77°05' N 5°20' W 1200 GC NW Greenland 
Sea 

Telesiński et al. 2022, 
Devendra et al. 2022 

MSM5/5-723 79°09' N 5°20' E 1350 KAL E Fram Strait Müller et al. 2012, 
Werner et al. 2015 



JM10-330 79°08' N 5°36' E 1297 GC E Fram Strait Consolaro et al. 2015, 
2018 

MSM5/5-712 78°55′ N 6°46′ E 1491 KAL E Fram Strait Müller et al. 2012, 
Werner et al. 2013 

M23258 75°00' N 13°58' E 1768 KAL N Norwegian 
Sea 

Sarnthein et al. 2003, 
Martrat et al. 2003 

M17730 72°07' N 07°23' E 2749 KAL N Norwegian 
Sea 

Telesińśki et al. 2015 

MD95-2011 66°58' N 07°38' E 1048 PC central 
Norwegian Sea 

Risebrobakken et al. 
2003 
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(447) (474) (534) (1181)
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