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Supplementary Figure 1. South Indian study region near Kerguelen Plateau. (a) Contoured
bathymetric map showing the average speed (colors and vector lengths) and direction (vectors) of ocean
currents at mid-depth (1.0-3.5 km) based on the Global Ocean Data Assimilation System (GODAS)
database (https://psl.noaa.gov/data/gridded/data.godas.html), i.e., the pathway of the Antarctic
Circumpolar Current (ACC) core at mid-depth?. The study area is located within a prominent sediment
drift south of the Southeast Indian Ridge, as indicated by simulated sedimentation rate patterns (grey)2.
The drift deposit is formed by sediment release from the ACC just downstream of the location of
maximum current speeds north of the northern and southern Kerguelen Plateau (nKP and sKP,
respectively) owing to a drop in ACC flow speed®*. (b) Bomb-corrected ocean *C levels® (in A¥C
notation, i.e. relative to the 1950 atmosphere), (c) seawater oxygen concentrations ([O])®, (d) apparent
oxygen utilization (AOU)®, and (e) total dissolved inorganic carbon (DIC) levels at the core site®. Note
that x-axes in (d) and (e) are inverted. The location of the study core MD12-3396CQ is indicated by a
star. Other cores highlighted in the main text are marked with a circle (1: MD12-3394, 2: MD02-2488
and 3: MD12-3401CQ). Right-hand labels in the lower panel indicate major water masses in our South
Indian study area™*2 AAIW — Antarctic Intermediate Water, IDW — Indian Deep Water, UCDW —
Upper Circumpolar Deep Water, LCDW — Lower Circumpolar Deep Water, AABW — Antarctic Bottom
Water.
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Supplementary Figure 2. (Sub-)sea surface temperature variability recorded in MD12-3396CQ
during the last deglaciation. (a) First principal component (PC1) of our (sub-)sea surface temperature
(SST) records, (b) TEX"ss-based sub-SST estimates based on the sub-surface calibration of ref. 13 (1c-
standard deviation (SD) is assumed to be 2.8°C), (c) summer SST derived from planktonic foraminiferal
assemblage changes using a recent Southern Ocean calibration!* (mean 1o (SD)-uncertainty is 1.1°C),
and (d) temperature-converted® Mg/Ca ratios of the planktonic foraminiferal species Neoglobo-
quadrina pachyderma (1o (SD)-uncertainty is assumed to be 1.5°C). Solid lines indicate 1 kyr-running
averages. Envelopes indicate the 1o (SD)-uncertainty range (smoothed). Grey horizontal bars indicate
the modern annual SST variability at the study site (0-50 m average, World Ocean Atlas 2013)%. All
(sub-)SST datasets are superimposed on Antarctic temperature variability, represented by 8D variations
inthe EPICA Dome C (EDC) ice core!’ (grey lines). Triangles at the bottom (with vertical lines) indicate
tiepoints that were chosen to align (sub-)SST variations at our study site with Antarctic temperature
(EDC 8D) variability.
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Supplementary Figure 3. (Sub-)sea surface temperature variability recorded in MD12-3396CQ
during late Marine lIsotope Stage 3. (a) First principal component (PC1) of our (sub-)sea surface
temperature (SST) records, (b) TEX ss-based sub-SST estimates based on the sub-surface calibration of
ref. 13 (1o-standard deviations (SD) is assumed to be 2.8°C), (c) summer SST derived from planktonic
foraminiferal assemblage changes using a recent calibration** (mean 1o (SD)-uncertainty is 1.1°C), and
(d) temperature-converted®® N. pachyderma Mg/Ca ratios (1o (SD)-uncertainty is assumed to be 1.5°C).
Solid lines indicate 1 kyr-running averages. Envelopes indicate the 1o (SD)-uncertainty range
(smoothed). Grey horizontal bars indicate the modern annual SST variability at the study site (0-50 m
average, World Ocean Atlas 2013)*. All (sub-)SST datasets are shown superimposed on the EPICA
Dome C (EDC) 8D record?’ (grey lines). Triangles at the bottom (with vertical lines) indicate tiepoints
that were chosen to align (sub-)SST variations at our study site with Antarctic temperature (EDC 8D)
variability.
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Supplementary Figure 4. Age model and sedimentation rate changes in sediment core MD12-
3396CQ. (a) Sedimentation rate changes, (b) first principal component (PC1) of our three (sub-)sea
surface temperature (SST) records (pink) and EPICA Dome C (EDC) 8D variations!’ (grey), (c) planktic
foraminiferal assemblage-based summer SST, (d) TEX%s-based sub-SST estimates, and (e)
N. pachyderma Mg/Ca-based SST. Solid lines in (c) to (e) indicate 1 kyr-running averages. Envelopes
indicate the 1o (SD)-uncertainty range (smoothed). Yellow triangles (with vertical lines) in (a) indicate
tiepoints between (sub-)SST variations and EPICA Dome C (EDC) 6D variations (Supplementary
Figures 2 and 3). Grey triangles highlight locations of our planktic foraminiferal *C-dated samples.
Uncertainty envelopes shown in c) to e) are identical to those in Supplementary Figures 2 and 3.
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Supplementary Figure 5. Foraminiferal radiocarbon ages versus depth. (a) Surface ocean reservoir
ages (d*Re.am) at our study site (median, with vertical bars showing the associated 66%-probability
range) estimated as the difference between (interpolated) high-resolution planktic foraminiferal **C
dates and our uncalibrated calendar age tiepoints, which were derived from an alignment of (sub-)sea
surface temperature (SST) variations with Antarctic temperature recorded by the EPICA Dome C (EDC)
8D record (horizontal bar and stippled line show the modern d**Rp_am Variability in the study region'®
20), (b) benthic foraminiferal (red) and N. pachyderma *C dates (light blue) obtained with the Bern-Mini
Carbon Dating System (MICADAS, gas and graphite *C analyses), as well as planktic foraminiferal
14C dates obtained with the accelerator mass spectrometer (AMS) system at the University of Paris-
Saclay (open triangles; graphite analyses). Error bars in (b) indicate the 1o-standard deviation. Open
grey circles show our Antarctic temperature-based tiepoints that were uncalibrated based on the
atmospheric SHCal13 calibration?* using the radcal.R script?.
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Supplementary Figure 6. Sediment deposition model for core MD12-3396CQ. Our Antarctic
temperature-based calendar age tiepoints (grey open symbols) and calibrated planktic foraminiferal *4C
dates (light blue) were used as input parameters to calculate a sediment deposition model with Oxcal
(P_sequence)?® for MD12-3396CQ (median and 95.4%-probability range are shown as solid line and
grey envelope, respectively). The final age model is based on the sediment deposition model of Oxcal
for the core section with dense dating (<448.5 cm), and linear interpolation for the lower half of the core
section with sparse age constraints (>448.5 cm).
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Supplementary Figure 7. Comparison of reservoir age changes in the surface and deep ocean at
our study site with and without foraminiferal blank correction. (a) Deep-ocean reservoir age
estimates (d**Rg.am) and (b) surface-ocean reservoir age estimates (d**Rp.am) based on foraminiferal
blank-corrected (light blue, stippled lines) and non-foraminiferal blank-corrected foraminiferal **C dates
(dark blue, solid lines), (c) atmospheric CO, (CO2.am) changes (black circles)?*2 and the EPICA Dome
C (EDC) 8D record (grey)'’. Symbols in (a) and (b) indicate the d**R median, horizontal errors bars
show the 1o standard deviation-age uncertainty and vertical error bars highlight the 66%-probability
range of our d*R estimates. Envelopes and center lines show 1 kyr-running averages of the minimum
and maximum 66%-probability range and the median of our reconstructed d*“R values, respectively.
Calculations were performed with the radcal.R script??. Vertical bars indicate intervals of rising COz,stm
levels. Dark bands highlight periods showing centennial-scale CO2am rises?®. YD — Younger Dryas,
ACR — Antarctic Cold Reversal, BA — Bglling-Allergd, HS1 — Heinrich Stadial 1.
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Supplementary Figure 8. Reassessing deep-ocean ventilation age reconstructions in deep South
Atlantic sediment core MD07-3076CQ. (a) Surface-ocean reservoir age estimates (d'*Rp.am ) values
determined in sediment core MDQ7-3076CQ using a sea surface temperature (SST) alignment to core
TNO057-21 (grey circles) and to Antarctic temperature (red stars)?’, d**Re.am values applied in ref. 27 are
shown as crosses; last glacial d**Rpe.am values omitting information from TN057-21 are shown as open
circles, which are used to test the sensitivity of deep-ocean ventilation ages (d**Rg.am) variations to
d*Re-am changes, in order to compare absolute last glacial deep-ocean ventilation ages between MDO7-
3076CQ and MD12-3396CQ. (b) d**Rs-atm estimates in MD07-3076CQ as originally published (green)?’
and with adjusted d*Rp.am Values (dark green symbols, this study; see open circles and dashed lines in
a), (c) d**Re-am estimates in MD12-3396CQ for comparison (replotted in blue in b), and (d) atmospheric
CO; (COyam) variations (black circles)?*?6. New data in (b) and (c) indicate the reservoir age (d*R)
median, horizontal error bars show the 1o standard deviation-age uncertainty and vertical error bars
highlight the 66%-probability range of the d'“R estimates. Envelopes and center lines show 0.5 kyr (b)
and 1 kyr (c)-running averages of the 66%-probability range and the median of reconstructed d*R
values, respectively. Calculations were performed with the radcal.R script?. Vertical bars indicate
intervals of rising CO2.m levels. Dark bands highlight periods with centennial-scale COz,am rises®. YD
—Younger Dryas, ACR — Antarctic Cold Reversal, BA — Bglling-Allergd, HS1 — Heinrich Stadial 1.
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Supplementary Figure 9. Comparison of deep South Atlantic and deep South Indian proxy data.
(a) Benthic foraminiferal (C. kullenbergi) 5§80 in MD07-3076CQ% and MD12-3396CQ (this study), (b)
benthic foraminiferal (C. kullenbergi) 3**C in MD07-3076CQ?® and MD12-3396CQ (this study), (c)
bottom water oxygen concentrations ([O2]) reconstructed in MDO07-3076CQ?° and MD12-3396CQ (this
study) based on the &*C gradient between G. affinis and C. kullenbergi (A3*3C)*® with error bars
showing the 1 s-standard deviation, (d) **C age offsets of benthic foraminifera in MD07-3076CQ?%” and
MD12-3396CQ (this study) from the contemporaneous atmosphere (d**Rg-atm) With error bars showing
the 66%-probability range, and (e) atmospheric CO, (CO,am) changes®. Grey vertical bars indicate
intervals of rising CO..am levels (darker bands highlight periods of centennial-scale CO2 aim increases®).
HS1 — Heinrich Stadial 1, ACR — Antarctic Cold Reversal, BA — Bglling Allergd, YD — Younger Dryas.
The orange vertical bar highlights the interval of the last glacial maximum (LGM).
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Supplementary Figure 10. Changes in deep-ocean ventilation ages depending on the choice of surface-ocean reservoir ages for published data from the Crozet-
and Kerguelen Plateau regions. Sensitivity tests are shown for cores PS69/912 (left), PS69/907 (middle) and PS2606 (right) from ref. 31, and are compared against
proxy-data from MD12-3396CQ (this study). For locations of cores, see inset maps. (a) Surface-ocean reservoir age (d**Rp.am) constraints from MD12-3396CQ (this
study, light blue, error bars as in Fig. 7b) based on a stratigraphic alignment between (sub-)sea surface temperature and Antarctic temperature variations. d**Re.am values
for the Kerguelen Plateau region inferred by ref. 31 are shown in orange. Simulated d**Re.am changes between 80-100°E and 45-50°S at 25 m water depth as obtained
with an ocean general circulation model forced by variations in atmospheric *4C levels (AC) under both interglacial (PD simulation) and glacial boundary conditions
(GS simulation) are shown as stippled lines for comparison®; (b) 4C age offsets of benthic foraminifera in MD12-3396CQ from the contemporaneous atmosphere,
d**Rg-am (blue, error bars as in Fig. 7a); d**Re.am reconstructed for PS69/912, PS69/907 and PS2606 as published in ref. 31 (orange) using d*Re.am values shown in
orange in (a) and recalculated with d**Rp.am constraints from MD12-3396CQ (green, horizontal error bars show lo-standard deviations) shown in light blue in (a),
calculations follow procedures outlined in ref. 31; (c) atmospheric CO; (CO2am) Variations (circles)?® and EPICA Dome C (EDC) 8D changes (grey line)!"33. Grey
vertical bars indicate intervals of rising CO,.m levels (darker bands highlight periods with centennial-scale CO.am increases®). HS1 — Heinrich Stadial 1, ACR —
Antarctic Cold Reversal, BA — Bglling Allergd, YD — Younger Dryas.
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Supplementary Figure 11. Location of planktic foraminifer *C-dated samples in core MD12-
3396CQ relative to planktic foraminiferal abundance peaks. Abundances of (a) Globorotalia inflata,
(b) Globigerina bulloides, and (c) N. pachyderma. Symbols show locations of foraminiferal samples
dated with the Mini Carbon Dating System (MICADAS) at the University of Bern in gaseous (sample
sizes <1 mg CaCQOsg; blue) or solid form (i.e., graphite, sample sizes >1 mg CaCOs; grey) and with the
University of Paris-Saclay accelerator mass spectrometer (AMS) as graphite (samples sizes mostly >1
mg CaCOs; red). Depth intervals of samples not selected from abundance peaks (out of necessity) are
highlighted by a stippled line.
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