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Supplementary Fig. 1: Location of marine sediment core GeoB16206-1 (white circle) 

collected from the western equatorial Atlantic Ocean. In the background, the radiocarbon 

concentration of dissolved inorganic carbon (Δ14C)1 at 1400 m water depth (representing the 

bottom of the water column at the site of core GeoB16206-1) is shown. The grey arrows 

schematically represent northern-sourced water flow in the Atlantic mid-depths2. The Δ14C 

values show an ageing trend of mid-depth northern-sourced waters (i.e., North Atlantic Deep 

Water (NADW)) from the North Atlantic towards the South Atlantic. The solid black circles 

indicate selected sites discussed in the text3–6. The figure was partially prepared using Ocean 

Data View7. 

 



 
Supplementary Fig. 2: The chronology of the marine sediment core GeoB16206-1 derived 

from stratigraphic peak matching. (a) High-resolution NGRIP dust record8 on the GICC05 

time scale9 (b) ln(Fe/Ca) record from sediment core GeoB16206-110. The ln(Fe/Ca) record, on 

the chronology derived by using the planktic foraminifera radiocarbon ages11 with a constant 

reservoir age is also shown in (c) for comparison. 

 



 
Supplementary Fig. 3: Surface reservoir age estimates (grey circles) for marine sediment 

core GeoB16206-1. The reservoir age estimates from the present study are compared with 

previous estimates for the intermediate and deep western equatorial Atlantic Ocean (coloured 

squares)3 and model simulations (CLIMBER-X12; green curve). 

 



 
Supplementary Fig. 4: The age-depth model of marine sediment core GeoB16206-1. The 

model is produced using both stratigraphic tie points (aqua symbols) and radiocarbon ages of 

planktic foraminifera (blue symbols). The R package RBacon13 was used to build the age-depth 

model. 

 



 
 

Supplementary Fig. 5: Correlation between benthic-planktic (B-P) radiocarbon 

ventilation ages and Atlantic Meridional Overturning Circulation (AMOC) strength 

based on the CLIMBER-X Earth system model of intermediate complexity14. The B-P 

ventilation ages show a strong negative correlation with AMOC strength, with an R2 value of 

0.58 and a p-value < 0.01. It also appears that the AMOC strength and B-P ventilation age at 

our core site are strongly linked (R2=0.67; p-value < 0.01) when AMOC is weak (<10 Sv), 

while the correlation is weak (R2=0; p-value < 0.01) during a stronger AMOC (>10 Sv). The 

absence of a strong relationship during periods of strong AMOC likely results from (i) 

variability in planktic (P) values that is independent of AMOC strength, and (ii) low benthic 

(B; thus B-P) values caused by the site’s proximity to the North Atlantic (resulting in high 

relative uncertainties).  

 



 
 

Supplementary Fig. 6: Geochemical and sedimentological records from marine sediment 

core GeoB16206-1. (a) Benthic-planktic (B-P) radiocarbon ventilation age estimates (this 

study), (b) stable carbon isotopic composition (δ13C) of benthic foraminifera15, (c) stable 

oxygen isotopic composition (δ18O) of benthic foraminifera15, (d) 231Pa/230Th ratio10, (e) 

ln(Fe/Ca) from bulk sediment10,15, (f) thermoluminescence (TL) sensitivity16, and (g) 

sedimentation rate (this study). Short-term climatic periods are depicted by the vertical bars. 

Blue: Last Glacial Maximum (LGM); grey: North Atlantic Stadials, i.e., Heinrich Stadial (HS 

1) and the Younger Dryas (YD); orange: North Atlantic Interstadial, i.e., Bølling-Allerød (BA).  

 



Supplementary Fig. 7: Distribution of B-Atm radiocarbon ages in the western Atlantic in 

the late Holocene (1950 CE). (a) Simulation results (this study), (b) Reconstruction17 (shown 

are gridded data provided by Ref. 18, that were remapped onto the model grid). Filled circles 

indicate the location of the sediment core GeoB16206-1. 

 

 

 

Supplementary Fig. 8: Distribution of B-P radiocarbon ages in the western Atlantic in the 

late Holocene (1950 CE). (a) Simulation results (this study), (b) Reconstruction17 (shown are 

gridded data provided by Ref. 18, that were remapped onto the model grid). Filled circles 

indicate the location of the sediment core GeoB16206-1. Note that Supplementary Figs. 7 and 

8 have different colour scale ranges. 



 

Supplementary Fig. 9: Temporal evolution of model forcings and simulated responses 

over the last 25 ka. Shown are (a) Summertime insolation at 65oN19, (b) Atmospheric CO2 

(Ref. 20), (c) Total ice-sheet surface area21, (d) Meltwater discharge from continental ice sheets 

to the North Atlantic, (e) Atlantic Meridional Overturning Circulation (AMOC) strength, and 

(f) Benthic-planktic (B-P) ventilation age from the western equatorial Atlantic at 1450 m water 

depth. 

 

 

 

 



Supplementary Table 1: Chronological tie points for marine sediment core GeoB16206-1 

obtained by stratigraphic peak matching as per Supplementary Fig. 2. 

 

Sl. No. Core depth 

(m) 

Calendar 

age (ka) 

1 2.5 11.5 ± 0.6 

2 3.5 12.6 ± 0.6 

3 4.1 14.7 ± 0.7 

4 6.4 17.4 ± 0.9 

5 6.6 17.7 ± 0.9 

6 7.0 23.1 ± 1.2 

7 7.4 25.3 ± 1.3 

8 7.6 27.8 ± 1.4 

9 7.8 28.8 ± 1.4 

10 8.0 29.3 ± 1.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Note 1 

Radiocarbon analyses on both surface-dwelling planktic (Globigerinoides ruber and 

Globigerinoides sacculifer) and benthic (mixed epifaunal species, excluding agglutinated 

specimens) foraminifera were performed in this study. Roughly 10 ml of wet sediment samples 

were collected for processing. The samples were freeze-dried and washed in a 125 m sieve. 

The samples were dried and then sieved with a 250 m sieve. Foraminifera specimens were 

preferentially picked from >250 μm size fraction. However, in the absence of enough 

specimens, the 125-250 μm size fraction was also considered. At least 7 mg of planktic and 

benthic (separately) foraminifera specimens were hand-picked for 14C measurements. A total 

of 43 samples were analysed for planktic and benthic foraminifera, totalling 86 radiocarbon 

analyses, out of which 12 planktic ages were reported earlier10. 

 



Supplementary Note 2 

Here, we discuss the possibility that the radiocarbon ventilation age record from sediment core 

GeoB16206-1 is controlled by processes other than Atlantic Meridional Overturning 

Circulation (AMOC) strength. The processes discussed below are: (i) the mixing of water 

masses with different radiocarbon signals; (ii) the effects of bioturbation; and (iii) the influence 

of local terrestrial carbon. We focus our discussion on Heinrich Stadial 1 (HS1), a period with 

extremely high ventilation ages and the primary focus of our study. Our radiocarbon ventilation 

age record shows an abrupt increase during the LGM-HS1 boundary, followed by overall 

elevated ventilation age values within HS1 (average of 695 yr) (Fig. 2a). Given that a 

comparable trend (albeit with higher values) has been observed in a nearby sediment core from 

deeper depths3, we conclude that the abrupt increase is not abnormal; instead, it appears to be 

a characteristic feature of mid-depths in the western equatorial Atlantic. Notably similar B-P 

ventilation ages obtained from the numerical model simulation and our sediment record (Figs. 

2a, 2b, 3) further suggest that such values during HS1 are expected. 

The sediment core under investigation was collected at a water depth of 1367 m (Section 3). 

Considering the boundary between Antarctic Intermediate Water (AAIW) and North Atlantic 

Deep Water (NADW) in this region lies at ~1200 m22, we carefully examine the effect of AAIW 

on our radiocarbon signal during HS1. In our western equatorial Atlantic record, HS1 is 

characterised by a mean B-P ventilation age value of 695 yr (~1367 m water depth). B-P 

ventilation ages from another core collected at 1000 m water depth (a depth which is effectively 

bathed by AAIW) from the western equatorial Atlantic3 show B-P ages (~450 yr) much lower 

than our site. Hence, a putative larger influence of AAIW during HS1 at our site cannot explain 

the abruptly higher ventilation ages observed in our record. Changes within northern-sourced 

waters provide a more reasonable explanation for the very large B-P ventilation ages of core 

GeoB16206-1. Studies based on authigenic Nd isotopes also suggest no major increase in 

AAIW contribution during the last deglaciation at depths similar to the core GeoB16206-123. 

Therefore, we conclude that while there is a possibility of some AAIW mixing, its contribution 

appears minimal, and the ventilation signal is predominantly driven by NADW during HS1. 

Though bioturbation may also alter the foraminiferal radiocarbon signal24,25, we observe very 

high sedimentation rates at our site, reaching as much as 100 cm/ka during HS1 

(Supplementary Fig. 6g). This suggests an effective preservation of sedimentary sequences and 



minimal alteration by bioturbation. Thus, we deem it very unlikely that bioturbation 

substantially altered radiocarbon ventilation ages at our core site. 

Degradation of organic matter derived from terrestrial sources may also affect the radiocarbon 

concentration of the oceanic dissolved inorganic carbon pool. A study26, based on a sediment 

core collected midway between the mouths of the Amazon and Parnaíba Rivers (western 

equatorial Atlantic), showed extremely old organic carbon ages (~2000 yr) during the last 

glacial-interglacial transition. Interestingly, the authors observed LGM organic carbon ages that 

are three times older than those of HS1. This is in contrast with our data that show older B-P 

ventilation ages during HS1 and lower values during the LGM (Figs. 2a, 3). Our study site is 

influenced by the Parnaíba River and not by the Amazon River. Considering the significantly 

lower amount of terrestrial sediment input of the Parnaíba River in comparison to the Amazon 

River27, we expect a very small influence of terrestrial organic matter at our site. Thus, we 

confidently reject any effect of local terrestrial carbon influencing radiocarbon ventilation ages 

at our core site. 
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