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Supplementary Discussion.  

Potential impact of Ice Rafted Debris (IRD) on Pb and Nd isotope composition. Previous 

studies suggested that Ice Rafted Debris (IRD) may have a substantial impact on both Pb and 

Nd isotope compositions in high latitude oceans and authigenic phases formed in the sediments 

during elevated IRD flux in the water column1, 2, 3, 4. Since ODP Site 1094 and core PS1768-8 

were recovered in the flow path of Antarctic Iceberg Alley5, the temporally elevated IRD input 

may in theory compromise our results. The locations of ODP Site 1094 and core PS1768-8 are 

very close to each other, for which reason we only compare IRD contents from PS1768-8 to 

our 206Pb/204Pb and εNd results. As shown in Extended Data Figure S4, strong IRD flux was only 

recorded during glacial times, but in these cold periods our 206Pb/204Pb evolution is remarkably 

smooth, arguing against a significant impact of IRD-sourced Pb on our extracted signal2, 3. As 

shown in Supplementary Figure 3 and 4, the variable IRD concentrations only bear a weak 

correlation with extracted εNd records both in core PS1599-36 and PS1768-87. In particular, the 

εNd is almost invariant while the IRD content peaked in various sections throughout the cores. 

Strikingly, sedimentary sections featuring the major transitions in εNd found in our record late 

during Termination I and II do not contain significant amounts of IRD. We therefore suggest 

that our εNd records are not influenced by IRD-sourced Nd either. 

Anthropogenic Pb contamination. Given that the oceanic Pb isotope signal today is largely 

controlled by anthropogenically sourced Pb8, 9, the modern seawater Pb isotope compositions 

do not reflect natural Pb isotope signatures of different water masses in the past. To circumvent 

this problem, we extracted the pre-industrial seawater Pb isotope signature from the authigenic 

Fe-Mn oxyhydroxide fraction in 20 individual core-top sediment samples in various parts of 

the Weddell Sea, Drake Passage and Atlantic sector of the Southern Ocean further north 

(Supplementary Data Table 1). Since Fe-Mn nodules are the most reliable Pb isotope archive 

available, we compare our Pb isotope records with previous Pb isotope datasets based on nearby 

surface Fe-Mn nodules10 (Supplementary Figure 5). Any modern anthropogenic Pb 

contamination would be detectable via its extremely unradiogenic (low) Pb isotopic signature11, 

12. As shown in Supplementary Figure 5, Pb isotope compositions extracted from sediments are 

systematically more radiogenic (higher) than the Fe-Mn nodule Pb isotope signal, proving 

strong support that anthropogenic Pb contamination is not controlling our sedimentary Pb 

isotope records. 

Dust influence on Pb isotope compositions. Previous studies found that dust input in the ocean 



can dominate the seawater Pb isotope signal in the past11. In order to determine the dust 

influence, we compare the dust record in EPICA Dome C13, 14 with our Pb isotope record 

(Supplementary Figure 6). Most intervals covered within our Pb record correspond to times of 

insignificant dust deposition. Only the Glacial Maxima were marked by strong dust input. 

Previously published dust Pb isotope signatures were characterized by frequent and large-

amplitude fluctuations between radiogenic and unradiogenic Pb isotope signatures14. Our 

seawater Pb isotope record extracted from bulk sediment does not show any correlation with 

either dust intensity or dust Pb isotopic signatures in the ice core. This suggests that our Pb 

isotope record is not offset by dust-derived Pb.  



Supplementary Figure 1: Extracted authigenic εNd in core PS1768-8 compared with εNd in the 

actual seawater, from opal and detrital fraction. The seawater εNd is taken from the nearest 

seawater sampling station (Station 113, 53.6°S, 2.0°E, water depth 2400 m)15. Error bars 

correspond to the 2σ external error of the εNd measurements.  



Supplementary Figure 2: Age model found for Termination II from fine-tuning the composite 

planktonic δ18O record16, 17 to Vostok δD18 . The triangles represent the tie-points defined to 

tune records. 

  



Supplementary Figure 3: Extracted authigenic Fe-Mn oxyhydroxide derived 206Pb/204Pb at 

ODP Site 1094 and εNd in core PS1768-8 compared with its IRD concentrations7. Error bars 

correspond to the 2σ external error of the 206Pb/204Pb and εNd
 measurements. Major Pb and Nd 

isotopic changes did not coincide with changes in IRD concentration during Terminations I 

and II. 



Supplementary Figure 4: Extracted authigenic εNd in core PS1599-3 compared with IRD 

concentrations in the core6. Error bars correspond to the 2σ external error of the εNd 

measurements. Covariation between Nd isotopic changes and IRD concentration changes are 

not apparent.  



Supplementary Figure 5: Comparison of Pb isotopic compositions between surface Fe-Mn 

nodules10 and core-top sediment leachates in the Weddell Sea, Drake Passage and Atlantic 

sector of the Southern Ocean. Pb isotope compositions of core-top sediment leachates are more 

radiogenic (higher) than the Fe-Mn nodule Pb isotope signal, suggesting that anthropogenic Pb 

contamination, which is unradiogenic (normally 206Pb/204Pb<18.7)11, does not dominate our 

sedimentary Pb isotope records.   



Supplementary Figure 6: Assessment towards the influence of dust13, 14 on the Pb isotope 

composition at ODP Site 1094. Error bars correspond to the 2σ external error of the 206Pb/204Pb 

and 208Pb/204Pb. Our 206Pb/204Pb record neither co-vary with dust concentrations, nor dust Pb 

isotopic signatures during Terminations I and II. 
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