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Supplemental Table 1: These are the locations and citations to the available highly-time-
constrained paleoceanographic data in the northern North Atlantic in Figure 1. The figure was 
made with open-source projects matplotlib1 (https://matplotlib.org/), cartopy 
(https://scitools.org.uk/cartopy ) and xarray2 (http://xarray.pydata.org/en/stable/). The 
bathymetry contours are from GEBCO bathymetry (http://www.gebco.net/). 
 

Core name 
Latitude 
Decimal 
Degrees 

Longitude 
Decimal 
Degrees 

Proxy* References 

SUBPOLAR N ATLANTIC     

SURFACE     

MD99-2322 67.1363 -30.8278 diatom assemblage 3 

RAPiD-35-COM 57.5042 -48.7223 SS, foraminifera assemblages and 
d18O 

4,5 

RAPiD-35-25B 57.5078 -48.7233 Mg/Ca temperatures, foraminiferal 
assemblages and  d18O 

6,7 

RAPID-21-12B 57.4515 -27.9088 foraminiferal d18O  and Mg/Ca, SS 8,9 

RAPiD-21-12B and 3K 57.2715 -27.5488 diatom assemblages, alkenones and 
SS 

5,10,11 

RAPiD-17-5P 61.4817 -19.5360 foraminiferal d18O  and Mg/Ca and SS 4,6 
LO09-14 and D37-2P 58.2605 -30.2075 diatom assemblages 12 

GS06-144-04 58.9122 -31.2542 foraminifera, alkenones, d18O 13 
ENAM9606/MD200309 55.6503 -13.9850 foraminiferal d18O  and Mg/Ca 14 

AI07-04BC/3G 48.7333 -53.4833 Alkenones 15 
AI07-11BC/12G 47.1333 -54.5500 Alkenones 15 

AI07-06G 47.8500 -53.5800 benthic foraminifera and 
dynoflagellate assemablages 

16 

CR02-23&MD99-2220 48.6387 -68.6322 foraminiferal d18O 17 

GS06-144-03 57.2900 -48.3700 d18O foraminifera and Ice rafted 
debris 

18 

PO175GKC 66.2040 -31.9850 IRD and biomarkers 19 
MD04-2832 & PM06-

MC01C 56.6698 -5.8687 foraminiferal d18O 20 

KNR140_2_59GGC 32.9770 -76.3160 foraminiferal Mg/Ca 21 

MD99-2209 and RD-98 38.8863 -76.3947 d18O and Mg/Ca ostracod and 
foraminiferal 

22 

MD03-2661 38.8868 -76.3982 d18O and Mg/Ca ostracod and 
foraminiferal 

22 

PTXT-2 38.3263 -76.3925 d18O and Mg/Ca ostracod and 
foraminiferal 

22 

MD99-2203 34.9772 -75.2017 foraminiferal Mg/Ca and d18O 23 
MC13A 43.0833 -55.8000 %Nps 24 
MC25A 43.4500 -54.8167 %Nps 24 



KNR158-10MC/09GGC 44.8333 -54.9000 %Nps 25 

OCE-326-MC-29D 45.8850 -62.7950 
Mg/Ca and d18O  benthic 

foraminifera, %Nps, alkenone, 
planktonic foraminiferal d18O 

26 

HU89-038-BC-004A and 
HU89-038-BC-004D 33.6933 -57.6117 

carbonate content, sediment 
magnetic variables, foraminifera, 

stable isotopes 

27 

Red Algae 56.0332 -5.6022 red algae Mg/Ca 28 

Long-lived bivalve 56.6292 -6.4000 bivalve growth increments 29 
Long-lived bivalve 54.0917 -4.8333 bivalve growth increments 30,31 

     
Long-lived bivalve 43.6870 -69.7990 d18O, Arctica islandica 32 

BB 001 32.1667 -64.5000 coral Sr/Ca and d18O 33 
Ki1, Ki2 Moore et al., 

2017 55.3983 -59.8467 Mg/Ca, growth coralline algae 34 

Gamboa et al., 
2010/Halfar et al., 2011 47.3083 -52.7892 Mg/Ca coralline algae 35,36 

Gamboa et al., 
2010/Halfar et al., 2012 51.5856 -55.4248 Mg/Ca coralline algae 35,36 

Gamboa et al., 
2010/Halfar et al., 2013 50.0250 -55.8833 Mg/Ca coralline algae 35,36 

Halfar et al., 2013 55.4352 -59.8654 Mg/Ca, growth coralline algae 37,38 
 

Hu2006-40 59.2640 -62.4478 SS 39 

     

DEEP     

CH77-02 52.7000 -36.0830 magnetism 40,41 

MD08-3182Cq 52.6990 -35.9360 magnetism 40 

RAPiD-35-COM 57.5042 -48.7223 SS, foraminifera assemblages and 
d18O 

4,5 

RAPiD-21-12B and 3K 57.4515 -27.9080 Diatom assemblages, alkenones and 
SS 

5,10,11 

RAPiD-17-5P 61.4817 -19.5360 foraminiferal d18O  and Mg/Ca and SS 4,6 
GS06-144-09MC-

D&GS06-144 08GC 60.3167 -23.9667 SS 42,43 

MD99-2251 57.4478 -27.9078 magnetism and SS 40,44,45 
KNR-178-48JPC 35.7667 -74.4500 mean sortable silt 25 

KNR-178-56JPC 35.4667 -74.7167 mean sortable silt 25 

KNR158-10MC/09GGC 44.8333 -54.9000 benthic foraminiferal Mg/Ca and d18O 46 

     

NORDIC SEAS     



JM97-948 2A&MD95-
2011 66.9697 7.6393 

diatom and foraminiferal 
assemblages, d18O and Mg/Ca 
foraminifera, current speed, 

alkenones 

47–52 

P1_003MC, P1_003SC 63.7622 5.2553 foraminiferal d18O 53 

MD99-2275 66.5517 -17.6998 alkenones, diatom assemblages, IP25, 
radiocarbon 

11,54–62 

Long-lived bivalve 66.5265 -18.1957 bivalve d18O and radiocarbon 63,64 

MD99-2269 66.6314 -20.8544 diatom assemblage, IRD, coccolith 
counts, IP25 

65–69 

HM107-03 66.5025 -19.0722 foraminifera, stable isotopes, diatoms 
and ice rafted debris 

70 

MSM5/5-712-1 78.9157 6.7672 foraminiferal assemblages, Mg/Ca, 
SS, d18O benthic and planktic 

71,72 

MD99-2273 66.7630 -18.7503 foraminifera d18O, 14C 57,60 
JM-06-WP-04-MCB 78.9155 6.7668 Dinocyst assemblage 73 

PS2641 BC/GC 73.1550 -19.4817 Org Geochem (IP25), foraminifera 
assemblages, IRD 

74,75 

JM96-1206/2GC 68.1002 -29.4433 planktic and benthic foraminifera 
assemblages 

76 

     

W GREENLAND     

M343300 68.4719 -54.0017 

diatom, benthic foraminifera, 
dynoflagellate assemblages, alkenone 

UK37 

77–80 

M343310 68.6477 -53.8248 

diatom, benthic foraminifera, 
dynoflagellate assemblages, IP25, 

alkenones 

78,79,81–85 

DA00-03P 69.0000 -53.1333 
diatom and dinoflagellate 

assemblages 

66,86 

DA00-02P 68.8647 -53.3287 
diatom and dinoflagellate 

assemblages 

86,87 

DA06-139G 70.0913 -52.8930 
benthic foraminifera, dinoflagellates, 

diatom assemblage 
88,89 

GA306-BC/GC3 66.6247 -54.2097 
diatom benthic foraminiferal 

assemblages, foraminiferal d18O 

90–92 

GA306-BC/GC4 66.7447 -53.9403 
diatom benthic foraminiferal 

assemblages, foraminiferal d18O  

90–92 

PO243-451 60.6993 -46.0333 
benthic foraminifera and diatom 

assemblages 

93,94 

     
 MARINE RECORDS 
USED IN95    

 

MC13A 43.0833 -55.8000 %Nps 
24 

COR05-37 48.3333 -61.5000 d18O  96 



 
*%Nps represents percent Neogloboquadrina pachyderma sinistral coiling, and SS represents percent 
sortable silt 
 
References 
1. Hunter, J. D. Matplotlib: A 2D Graphics Environment. Computing in Science & Engineering 

9, 90–95 (2007). 

2. Hoyer, S. & Hamman, J. xarray: N-D labeled Arrays and Datasets in Python. Journal of Open 

Research Software 5, 10 (2017). 

3. Miettinen, A., Divine, D. V., Husum, K., Koç, N. & Jennings, A. Exceptional ocean surface 

conditions on the SE Greenland shelf during the Medieval Climate Anomaly. 

Paleoceanography 30, 1657–1674 (2015). 

4. Moffa-Sanchez, P., Hall, I. R., Thornalley, D. J. R., Barker, S. & Stewart, C. Changes in the 

strength of the Nordic Seas Overflows over the past 3000 years. Quaternary Science 

Reviews 123, 134–143 (2015). 

5. Moffa-Sánchez, P. & Hall, I. R. North Atlantic variability and its links to European climate 

over the last 3000 years. Nature Communications 8, 1726 (2017). 

OCE-326-MC-29D 45.8850 -62.7950 
foraminiferal d18O, %Nps, Benthic 

d18O, and Mg/Ca 

26 

RAPID-21-12B 57.4515 -27.9088 foraminiferal Mg/Ca 8 
RAPiD-17-5P spliced 

with RAPiD-12K 61.4817 -19.5360 foraminiferal Mg/Ca 
6,97 

ENAM9606 55.6503 -13.9850 foraminiferal Mg/Ca 14 
GeoB6007-2&OC437-7 

24GGC 30.8500 -10.2700 foraminiferal Mg/Ca 

98,99 

KNR-178-48JPC 35.7667 -74.4500 mean sortable silt 25 

KNR-178-56JPC 35.4667 -74.7167 mean sortable silt 
25 

16MC/RAPID-17-5P 61.4820 -19.5360 % T. quinqueloba 100 

CR02-23&MD99-2220 48.6387 -68.6322 foraminifera d18O 17 

d15N  Sherwood 2011 42.0 -65.6 d15N from deep corals 101 

     



6. Moffa-Sánchez, P., Born, A., Hall, I. R., Thornalley, D. J. R. & Barker, S. Solar forcing of 

North Atlantic surface temperature and salinity over the past millennium. Nature 

Geoscience 7, 275–278 (2014). 

7. Moffa-Sanchez, P., Hall, I. R., Barker, S., Thornalley, D. J. R. & Yashayaev, I. Surface changes 

in the eastern Labrador Sea around the onset of the Little Ice Age. Paleoceanography 29, 

160–175 (2014). 

8. Hall, I. R., Boessenkool, K. P., Barker, S., McCave, I. N. & Elderfield, H. Surface and deep 

ocean coupling in the subpolar North Atlantic during the last 230 years. Paleoceanography 

25, (2010). 

9. Boessenkool, K. P., Hall, I. R., Elderfield, H. & Yashayaev, I. North Atlantic climate and 

deep-ocean flow speed changes during the last 230 years. Geophysical Research Letters 

34, (2007). 

10. Miettinen, A., Dmitry Divine, Koç, N., Godtliebsen, F. & Hall, I. R. Multicentennial 

Variability of the Sea Surface Temperature Gradient across the Subpolar North Atlantic 

over the Last 2.8 kyr. J. Climate 25, 4205–4219 (2012). 

11. Sicre, M.-A. et al. Sea surface temperature variability in the subpolar Atlantic over the last 

two millennia. Paleoceanography 26, (2011). 

12. Berner, K. S., Koç, N., Divine, D., Godtliebsen, F. & Moros, M. A decadal-scale Holocene sea 

surface temperature record from the subpolar North Atlantic constructed using diatoms 

and statistics and its relation to other climate parameters. Paleoceanography 23, (2008). 

13. Perner, K. et al. Subarctic Front migration at the Reykjanes Ridge during the mid- to late 

Holocene: evidence from planktic foraminifera. Boreas 47, 175–188 (2018). 



14. Richter, T. O., Peeters, F. J. C. & van Weering, T. C. E. Late Holocene (0–2.4kaBP) surface 

water temperature and salinity variability, Feni Drift, NE Atlantic Ocean. Quaternary 

Science Reviews 28, 1941–1955 (2009). 

15. Sicre, M. A. et al. Labrador current variability over the last 2000 years. Earth and Planetary 

Science Letters 400, 26–32 (2014). 

16. Sheldon, C. M. et al. Variable influx of West Greenland Current water into the Labrador 

Current through the last 7200 years: a multiproxy record from Trinity Bay (NE 

Newfoundland). arktos 1, 8 (2015). 

17. Thibodeau, B. et al. Last Century Warming Over the Canadian Atlantic Shelves Linked to 

Weak Atlantic Meridional Overturning Circulation. Geophysical Research Letters 45, 

12,376-12,385 (2018). 

18. Alonso-Garcia, M. et al. Freshening of the Labrador Sea as a trigger for Little Ice Age 

development. Climate of the Past 13, 317–331 (2017). 

19. Alonso-García, M. et al. A comparison between multiproxy and historical data (ad 1990–

1840) of drift ice conditions on the East Greenland Shelf (~66°N). The Holocene 23, 1672–

1683 (2013). 

20. Cage, A. G. & Austin, W. E. N. Marine climate variability during the last millennium: The 

Loch Sunart record, Scotland, UK. Quaternary Science Reviews 29, 1633–1647 (2010). 

21. Saenger, C., Came, R. E., Oppo, D. W., Keigwin, L. D. & Cohen, A. L. Regional climate 

variability in the western subtropical North Atlantic during the past two millennia. 

Paleoceanography 26, (2011). 



22. Cronin, T. M. et al. The Medieval Climate Anomaly and Little Ice Age in Chesapeake Bay 

and the North Atlantic Ocean. Palaeogeography, Palaeoclimatology, Palaeoecology 297, 

299–310 (2010). 

23. Cléroux, C. et al. High-resolution sea surface reconstructions off Cape Hatteras over the 

last 10 ka. Paleoceanography 27, (2012). 

24. Keigwin L. D. & Pickart R. S. Slope Water Current over the Laurentian Fan on Interannual to 

Millennial Time Scales. Science 286, 520–523 (1999). 

25. Thornalley, D. J. R. et al. Anomalously weak Labrador Sea convection and Atlantic 

overturning during the past 150 years. Nature 556, 227–230 (2018). 

26. Keigwin, L. D., Sachs, J. P. & Rosenthal, Y. A 1600-year history of the Labrador Current off 

Nova Scotia. Climate Dynamics 21, 53–62 (2003). 

27. Keigwin, L. D. The Little Ice Age and Medieval Warm Period in the Sargasso Sea. Science 

274, 1504–1508 (1996). 

28. Kamenos, N. A. North Atlantic summers have warmed more than winters since 1353, and 

the response of marine zooplankton. Proc Natl Acad Sci USA 107, 22442 (2010). 

29. Reynolds, D. J. et al. Reconstructing North Atlantic marine climate variability using an 

absolutely-dated sclerochronological network. Palaeogeography, Palaeoclimatology, 

Palaeoecology 465, Part B, 333–346 (2017). 

30. Butler, P. G. et al. Marine climate in the Irish Sea: analysis of a 489-year marine master 

chronology derived from growth increments in the shell of the clam Arctica islandica. 

Quaternary Science Reviews 29, 1614–1632 (2010). 



31. Butler, P. G. et al. Continuous marine radiocarbon reservoir calibration and the 13C Suess 

effect in the Irish Sea: Results from the first multi-centennial shell-based marine master 

chronology. Earth and Planetary Science Letters 279, 230–241 (2009). 

32. Wanamaker, A. D. et al. Coupled North Atlantic slope water forcing on Gulf of Maine 

temperatures of ther the past millennium. Climate Dynamics 31, 183–194 (2008). 

33. Goodkin, N. F., Druffel, E. R. M., Hughen, K. A. & Doney, S. C. Two centuries of limited 

variability in subtropical North Atlantic thermocline ventilation. Nature Communications 3, 

(2012). 

34. Moore, G. W. K., Halfar, J., Majeed, H., Adey, W. & Kronz, A. Amplification of the Atlantic 

Multidecadal Oscillation associated with the onset of the industrial-era warming. Scientific 

Reports 7, 40861 (2017). 

35. Gamboa, G. et al. Mg/Ca ratios in coralline algae record northwest Atlantic temperature 

variations and North Atlantic Oscillation relationships. Journal of Geophysical Research: 

Oceans 115, (2010). 

36. Halfar, J. et al. Coralline algal growth-increment widths archive North Atlantic climate 

variability. Palaeogeography, Palaeoclimatology, Palaeoecology 302, 71–80 (2011). 

37. Halfar, J. et al. Arctic sea-ice decline archived by multicentury annual-resolution record 

from crustose coralline algal proxy. Proceedings of the National Academy of Sciences of the 

United States of America 110, 19737–19741 (2013). 

38. Chan, P. et al. Multicentennial record of Labrador Sea primary productivity and sea-ice 

variability archived in coralline algal barium. Nature Communications 8, 15543 (2017). 



39. Rashid, H., Piper, D. J. W., Lazar, K. B., McDonald, K. & Saint-Ange, F. The Holocene 

Labrador Current: Changing linkages to atmospheric and oceanographic forcing factors. 

Paleoceanography 32, 498–510 (2017). 

40. Kissel, C., Van Toer, A., Laj, C., Cortijo, E. & Michel, E. Variations in the strength of the 

North Atlantic bottom water during Holocene. Earth and Planetary Science Letters 369–

370, 248–259 (2013). 

41. Kissel, C., Laj, C., Mulder, T., Wandres, C. & Cremer, M. The magnetic fraction: A tracer of 

deep water circulation in the North Atlantic. Earth and Planetary Science Letters 288, 444–

454 (2009). 

42. Mjell, T. L., Ninnemann, U. S., Eldevik, T. & Kleiven, H. K. F. Holocene multidecadal- to 

millennial-scale variations in Iceland-Scotland overflow and their relationship to climate. 

Paleoceanography 30, 558–569 (2015). 

43. Mjell, T. L., Ninnemann, U. S., Kleiven, H. F. & Hall, I. R. Multidecadal changes in Iceland 

Scotland Overflow Water vigor over the last 600 years and its relationship to climate. 

Geophysical Research Letters 43, 2111–2117 (2016). 

44. Hoogakker, B. A. A. et al. Dynamics of North Atlantic Deep Water masses during the 

Holocene. Paleoceanography 26, (2011). 

45. Ellison, C. R. W., Chapman, M. R. & Hall, I. R. Surface and Deep Ocean Interactions During 

the Cold Climate Event 8200 Years Ago. Science 312, 1929–1932 (2006). 

46. Marchitto, T. M. & deMenocal, P. B. Late Holocene variability of upper North Atlantic Deep 

Water temperature and salinity. Geochemistry Geophysics Geosystems 4, (2003). 



47. Berner, K. S., Koç, N., Godtliebsen, F. & Divine, D. Holocene climate variability of the 

Norwegian Atlantic Current during high and low solar insolation forcing. 

Paleoceanography 26, (2011). 

48. Risebrobakken, B., Jansen, E., Andersson, C., Mjelde, E. & Hevrøy, K. A high-resolution 

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

Paleoceanography 18, (2003). 

49. Andersson, C., Risebrobakken, B., Jansen, E. & Dahl, S. O. Late Holocene surface ocean 

conditions of the Norwegian Sea (Voring Plateau). Paleoceanography 18, (2003). 

50. Nyland, B. F., Jansen, E., Elderfield, H. & Andersson, C. Neogloboquadrina pachyderma 

(dex. and sin.) Mg/Ca and δ18O records from the Norwegian Sea. Geochemistry, 

Geophysics, Geosystems 7, (2006). 

51. Calvo, E., Grimalt, J. & Jansen, E. High resolution U37K sea surface temperature 

reconstruction in the Norwegian Sea during the Holocene. Quaternary Science Reviews 21, 

1385–1394 (2002). 

52. Tegzes, A. D., Jansen, E. & Telford, R. J. Which is the better proxy for paleo-current 

strength: Sortable-silt mean size ( ) or sortable-silt mean grain diameter (dSS)? A case 

study from the Nordic Seas. Geochemistry, Geophysics, Geosystems 16, 3456–3471 (2015). 

53. Sejrup, H. P., Haflidason, H. & Andrews, J. T. A Holocene North Atlantic SST record and 

regional climate variability. Quaternary Science Reviews 30, 3181–3195 (2011). 

54. Massé, G. et al. Abrupt climate changes for Iceland during the last millennium: Evidence 

from high resolution sea ice reconstructions. Earth and Planetary Science Letters 269, 565–

569 (2008). 



55. Jiang, H., Eiríksson, J., Schulz, M., Knudsen, K.-L. & Seidenkrantz, M.-S. Evidence for solar 

forcing of sea-surface temperature on the North Icelandic Shelf during the late Holocene. 

Geology 33, 73–76 (2005). 

56. Eiríksson, J. et al. Variability of the North Atlantic Current during the last 2000 years based 

on shelf bottom water and sea surface temperatures along an open ocean/shallow marine 

transect in western Europe. The Holocene 16, 1017–1029 (2006). 

57. Eiríksson, J. et al. Coupling of palaeoceanographic shifts and changes in marine reservoir 

ages off North Iceland through the last millennium. Palaeogeography, Palaeoclimatology, 

Palaeoecology 302, 95–108 (2011). 

58. Sicre, M.-A. et al. Decadal variability of sea surface temperatures off North Iceland over 

the last 2000 years. Earth and Planetary Science Letters 268, 137–142 (2008). 

59. Sicre, M.-A. et al. A 4500-year reconstruction of sea surface temperature variability at 

decadal time-scales off North Iceland. Quaternary Science Reviews 27, 2041–2047 (2008). 

60. Knudsen, K. L., Eiríksson, J. & Bartels-Jónsdóttir, H. B. Oceanographic changes through the 

last millennium off North Iceland: Temperature and salinity reconstructions based on 

foraminifera and stable isotopes. Marine Micropaleontology 84–85, 54–73 (2012). 

61. Knudsen, K. L., Eiríksson, J., Jiang, H. & Jónsdóttir, I. Palaeoceanography and climate 

changes off North Iceland during the last millennium: comparison of foraminifera, diatoms 

and ice-rafted debris with instrumental and documentary data. Journal of Quaternary 

Science 24, 457–468 (2009). 



62. Ran, L., Jiang, H., Knudsen, K. L. & Eiríksson, J. Diatom-based reconstruction of 

palaeoceanographic changes on the North Icelandic shelf during the last millennium. 

Palaeogeography, Palaeoclimatology, Palaeoecology 302, 109–119 (2011). 

63. Reynolds, D. J. et al. Annually resolved North Atlantic marine climate over the last 

millennium. Nature Communications 7, 13502 (2016). 

64. Wanamaker, A. D. et al. Surface changes in the North Atlantic meridional overturning 

circulation during the last millennium. Nat Commun 3, 899 (2012). 

65. Justwan, A., Koç, N. & Jennings, A. E. Evolution of the Irminger and East Icelandic Current 

systems through the Holocene, revealed by diatom-based sea surface temperature 

reconstructions. Quaternary Science Reviews 27, 1571–1582 (2008). 

66. Moros, M., Andrews, J. T., Eberl, D. D. & Jansen, E. Holocene history of drift ice in the 

northern North Atlantic: Evidence for different spatial and temporal modes. 

Paleoceanography 21, (2006). 

67. Giraudeau, J., Jennings, A. E. & Andrews, J. T. Timing and mechanisms of surface and 

intermediate water circulation changes in the Nordic Seas over the last 10,000calyears: a 

view from the North Iceland shelf. Quaternary Science Reviews 23, 2127–2139 (2004). 

68. Cabedo-Sanz, P., Belt, S. T., Jennings, A. E., Andrews, J. T. & Geirsdóttir, Á. Variability in 

drift ice export from the Arctic Ocean to the North Icelandic Shelf over the last 8000 years: 

A multi-proxy evaluation. Quaternary Science Reviews 146, 99–115 (2016). 

69. Kristjánsdóttir, G. B., Lea, D. W., Jennings, A. E., Pak, D. K. & Belanger, C. New spatial 

Mg/Ca-temperature calibrations for three Arctic, benthic foraminifera and reconstruction 



of north Iceland shelf temperature for the past 4000 years. Geochemistry, Geophysics, 

Geosystems 8, (2007). 

70. Knudsen, K. L. et al. Palaeoceanographic changes off North Iceland through the last 1200 

years: foraminifera, stable isotopes, diatoms and ice rafted debris. Quaternary Science 

Reviews 23, 2231–2246 (2004). 

71. Spielhagen Robert F. et al. Enhanced Modern Heat Transfer to the Arctic by Warm Atlantic 

Water. Science 331, 450–453 (2011). 

72. Werner, K. et al. Atlantic Water advection to the eastern Fram Strait — Multiproxy 

evidence for late Holocene variability. Palaeogeography, Palaeoclimatology, 

Palaeoecology 308, 264–276 (2011). 

73. Bonnet, S., de Vernal, A., Hillaire-Marcel, C., Radi, T. & Husum, K. Variability of sea-surface 

temperature and sea-ice cover in the Fram Strait over the last two millennia. Marine 

Micropaleontology 74, 59–74 (2010). 

74. Perner, K., Moros, M., Lloyd, J. M., Jansen, E. & Stein, R. Mid to late Holocene 

strengthening of the East Greenland Current linked to warm subsurface Atlantic water. 

Quaternary Science Reviews 129, 296–307 (2015). 

75. Kolling, H. M., Stein, R., Fahl, K., Perner, K. & Moros, M. Short-term variability in late 

Holocene sea ice cover on the East Greenland Shelf and its driving mechanisms. 

Palaeogeography, Palaeoclimatology, Palaeoecology 485, 336–350 (2017). 

76. Perner, K., Jennings, A. E., Moros, M., Andrews, J. T. & Wacker, L. Interaction between 

warm Atlantic-sourced waters and the East Greenland Current in northern Denmark Strait 

(68°N) during the last 10 600 cal a BP. Journal of Quaternary Science 31, 472–483 (2016). 



77. Krawczyk, D. W. et al. Quantitative reconstruction of Holocene sea ice and sea surface 

temperature off West Greenland from the first regional diatom data set. 

Paleoceanography 32, 18–40 (2017). 

78. Moros, M. et al. Surface and sub-surface multi-proxy reconstruction of middle to late 

Holocene palaeoceanographic changes in Disko Bugt, West Greenland. Quaternary Science 

Reviews 132, 146–160 (2016). 

79. Perner, K., Moros, M., Jennings, A., Lloyd, J. & Knudsen, K. Holocene palaeoceanographic 

evolution off West Greenland. The Holocene 23, 374–387 (2013). 

80. Ouellet-Bernier, M.-M., de Vernal, A., Hillaire-Marcel, C. & Moros, M. Paleoceanographic 

changes in the Disko Bugt area, West Greenland, during the Holocene. The Holocene 24, 

1573–1583 (2014). 

81. Krawczyk, D. W. et al. Late-Holocene diatom derived seasonal variability in hydrological 

conditions off Disko Bay, West Greenland. Quaternary Science Reviews 67, 93–104 (2013). 

82. Lloyd, J. et al. A 100 yr record of ocean temperature control on the stability of Jakobshavn 

Isbrae, West Greenland. Geology 39, 867–870 (2011). 

83. Ribeiro, S., Moros, M., Ellegaard, M. & Kuijpers, A. Climate variability in West Greenland 

during the past 1500 years: evidence from a high-resolution marine palynological record 

from Disko Bay. Boreas 41, 68–83 (2012). 

84. Allan, E. et al. Late Holocene Sea Surface Instabilities in the Disko Bugt Area, West 

Greenland, in Phase With δ18O Oscillations at Camp Century. Paleoceanography and 

Paleoclimatology 33, 227–243 (2018). 



85. Kolling, H. M., Stein, R., Fahl, K., Perner, K. & Moros, M. New insights into sea ice changes 

over the past 2.2 kyr in Disko Bugt, West Greenland. arktos 4, 1–20 (2018). 

86. Seidenkrantz, M.-S. et al. Variable North Atlantic climate seesaw patterns documented by 

a late Holocene marine record from Disko Bugt, West Greenland. Marine 

Micropaleontology 68, 66–83 (2008). 

87. Krawczyk, D. et al. Late-Holocene diatom-inferred reconstruction of temperature 

variations of the West Greenland Current from Disko Bugt, central West Greenland. The 

Holocene 20, 659–666 (2010). 

88. Andresen, C. S. et al. Interaction between subsurface ocean waters and calving of the 

Jakobshavn Isbræ during the late Holocene. The Holocene 21, 211–224 (2011). 

89. Sha, L. et al. A diatom-based sea-ice reconstruction for the Vaigat Strait (Disko Bugt, West 

Greenland) over the last 5000yr. Palaeogeography, Palaeoclimatology, Palaeoecology 403, 

66–79 (2014). 

90. Sha, L. et al. A record of Holocene sea-ice variability off West Greenland and its potential 

forcing factors. Palaeogeography, Palaeoclimatology, Palaeoecology 475, 115–124 (2017). 

91. Sha, L. et al. Solar forcing as an important trigger for West Greenland sea-ice variability 

over the last millennium. Quaternary Science Reviews 131, 148–156 (2016). 

92. Erbs-Hansen, D. R. et al. Paleoceanographical development off Sisimiut, West Greenland, 

during the mid- and late Holocene: A multiproxy study. Marine Micropaleontology 102, 

79–97 (2013). 

93. Lassen, S. J. et al. Late-Holocene Atlantic bottom-water variability in Igaliku Fjord, South 

Greenland, reconstructed from foraminifera faunas. The Holocene 14, 165–171 (2004). 



94. Jensen, K. G., Kuijpers, A., Koç, N. & Heinemeier, J. Diatom evidence of hydrographic 

changes and ice conditions in Igaliku Fjord, South Greenland, during the past 1500 years. 

The Holocene 14, 152–164 (2004). 

95. Caesar, L., McCarthy, G. D., Thornalley, D. J. R., Cahill, N. & Rahmstorf, S. Current Atlantic 

Meridional Overturning Circulation weakest in last millennium. Nature Geoscience 14, 

118–120 (2021). 

96. Genovesi, L. et al. Recent changes in bottom water oxygenation and temperature in the 

Gulf of St. Lawrence: Micropaleontological and geochemical evidence. Limnology and 

Oceanography 56, 1319–1329 (2011). 

97. Thornalley, D. J. R., Elderfield, H. & McCave, I. N. Holocene oscillations in temperature and 

salinity of the surface subpolar North Atlantic. Nature 457, 711–714 (2009). 

98. Morley, A., Rosenthal, Y. & deMenocal, P. Ocean-atmosphere climate shift during the mid-

to-late Holocene transition. Earth and Planetary Science Letters 388, 18–26 (2014). 

99. Morley, A. et al. Solar modulation of North Atlantic central Water formation at 

multidecadal timescales during the late Holocene. Earth and Planetary Science Letters 308, 

161–171 (2011). 

100. Spooner, P. T. et al. Exceptional 20th Century Ocean Circulation in the Northeast Atlantic. 

Geophysical Research Letters 47, e2020GL087577 (2020). 

101. Sherwood, O. A., Lehmann, M. F., Schubert, C. J., Scott, D. B. & McCarthy, M. D. Nutrient 

regime shift in the western North Atlantic indicated by compound-specific δ15N of deep-

sea gorgonian corals. Proc Natl Acad Sci USA 108, 1011 (2011). 

 


