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Extended Data Fig. 3 | Radioactive isotope data for PS58/270-1 and PS58/270-5. (a) Measured (black circles) excess 210Pb (210Pbxs) for core PS58/270-1 and (b) for 
230Thxs in PS58/270-5. The log fit in both panels (red) demonstrates the dominating effect of decay on the downcore abundance of 210Pbxs and 230Thxs, highlighting the 
use of 230Thxs as a dating tool as described by ref. 79.
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Extended Data Fig. 4 | Age model results for core PS58/270-5. (a) Age-depth 
plot based on tie points (Extended Data Fig. 2). (b) Comparison of manual tuning 
of tie points (see Extended Data Fig. 2) with 230Thxs-derived age constraints for 

core PS58/270-5 (white dots) after ref. 79. Black line: 1:1 relationship between the 
two age models (perfect agreement). Note that the part older than ~300 ka BP is 
not very well-constrained for its 230Thxs content (see Methods for more details).
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Extended Data Fig. 5 | Comparison of age model derived and 230Thxs-normalized mass accumulation rates (MARs). Focusing factors calculated as averages between 
tie points using 230Thxs after ref. 33. Black bars indicate propagated uncertainty for 230Thxs-normalized mass fluxes where larger than symbol size  
(see Methods).
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Extended Data Fig. 6 | Calibration of XRF scanner data with discrete sample 
results measured with ICP-OES. (a) Potassium (K). (b) Strontium (Sr).  
(c) Titanium (Ti). (d) Iron (Fe). (e) Calcium (Ca). (f) Barium (Ba). (g) Aluminium 
(Al). All XRF scanner data in (a) – (g) are the peak area signal intensities. Linear 

regressions calculated for n = 137 samples (no XRF scanner data at the depth 
of n = 2 discrete samples, except for (a) and (c) where n = 139 samples) used 
to calibrate high resolution XRF-scanner data. Grey shadings indicate 95% 
confidence intervals. See Methods for more details.
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Extended Data Fig. 7 | Cross plots of elemental concentration data for core 
PS58/270-5. Note the strong correlation between the lithogenic tracers yttrium 
(Y), potassium (K), iron (Fe), aluminum (Al) and titanium (Ti) with 232-thorium 
(232Th) and the reduced correlation of 232Th with magnesium (Mg), calcium 

(Ca), barium (Ba) and strontium (Sr) in panels (e) – (i) and (a) – (d), respectively. 
Linear regressions, Pearson’s r and two-tailed p-values (all <0.0001) calculated 
for n = 139 samples. Grey shadings indicate 95% confidence intervals. See also 
Methods for more details.
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Extended Data Fig. 8 | Cross plots of indicators of sediment mineralogy and 
export production for core PS58/270-5. (a) Ratio of iron (Fe) and titanium 
(Ti) vs. CIA (Chemical Index of Alteration = Al2O3/[Al2O3 + CaO* + Na2O* + 
K2O] × 100)44. (b) Ratio of Fe and thorium (Th) vs. CIA. (c) Ratio of Mg and 
Ti vs. CIA. (d) Ratio of Mg and Th vs. CIA. (e) Ratio of Ti and calcium (Ca) vs. 
CIA, (f) Opal flux vs. CIA. (g) Ti/Ca vs. opal flux. (h) Non-lithogenic barium 
excess (Baxs) flux vs. opal flux. (i) Total carbon (Ctotal) vs. opal fluxes. Note that 

Baxs flux shows a similar relationship with CIA as opal fluxes in (f), albeit with 
lower r of −0.38 (p < 0.0001), while r for CIA and Ctotal fluxes is −0.52. Linear 
regressions, Pearson’s r and two-tailed p-values calculated for n = 139 samples. 
Grey shadings indicate 95% confidence intervals. Non-linear regressions 
yield slightly better regression coefficients for (c) – (e). Error bars indicate 
propagated errors. See Methods for more details.
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Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | Sediment composition of core PS58/270-5 in 
comparison with Southern Ocean lithogenic input tracers. (a) Fraction of 
South American dust delivered to site PS75/056 in the subantarctic South Pacific. 
(b) Kaolinite content in the clay fraction of site PS58/254 as an indicator of old 
weathered sediment input in the Amundsen Sea32 (Fig. 1). (c) Ratio of titanium (Ti) 
and aluminum (Al) and (d) iron (Fe) and Ti in bulk sediments of core PS58/270-
5. (e) Chemical Index of Alteration (CIA) in bulk sediments of core PS58/270-5 

calculated using molar proportions as CIA = Al2O3/[Al2O3 + CaO* + Na2O* + K2O] 
× 10044 (see Methods for more details) superimposed on the Ti to calcium (Ca) 
ratio. (f) Opal content from leaching compared with the natural logarithm (LN) 
of silicon (Si) to Ti ratios from XRF scanning of core PS58/270-5. (g) Comparison 
of dust-Fe fluxes for subantarctic core PS75/056-110, South Pacific Antarctic Zone 
core PS58/270-5 and ODP Site 1090 in the subantarctic South Atlantic2.
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Extended Data Fig. 10 | Ternary diagrams of major element composition 
for PS58/270-5. (a) A-CN-K diagram (A = Al2O3, CN = CaO* + Na2O*, K = K2O) 
and Chemical Index of Alteration (CIA) after ref. 44. Upper Continental Crust 
(UCC), Post-Archaean Australian Shale (PAAS), Basalts, Andesites72,90,91, Pine 
Island Bay sediments50 and selected rock mineral compositions92 representing 

possible endmembers for PS58/270-5 samples (yellow dots). (b) A-CNK-FM 
diagram (A = Al2O3, CNK = CaO* + Na2O* + K2O, FM = FeO + MgO). Symbols as in 
(a) (see Methods for further details). All data in panels (a) and (b) are presented 
in molar proportions43. Grey areas indicate Fe-rich rock and rock mineral 
compositions with low CIA.
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