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Supplementary Figure 1. Core-to-core correlation. a, Magnetic susceptibility correlation
between neighboring cores PS128 2-2 (69.4115°S, 5.5897°W) and PS128 2-3 (69.4107°S,
5.5890°W) (<100 m apart from each other). b, In (Ti) correlation between core PS128 2 and
PS111 13 (70. 0936°S, 6. 8501°W) for the uppermost 45 cm.

Supplementary Table 1. Calibrated planktonic *C ages with 1-c age range of core PS128 2
for the last glacial period and the transferred ages from core PS111_13 for the Holocene

period.



A Depth (cm) | Depth(cm) | AmMs¥“C | ) Cal kyr AR 666 “C 1-6
' PS128 2 PS111_13 age (kyr) y (BP) age range (kyr)
10687.1.1 and -
10694.1 1 0.5 1.178 64 0.375 0.375 0.375
4646.1 26.7 157.5 8.260 143 7.858 7.700 8.016
4831.1 28.7 157.5 8.136 107 7.745 7.623 7.866
4832.1 31 170.5 9.682 112 9.546 9.394 9.699
4647.1 315 178.5 9.410 95 9.236 9.099 9.373
4835.1 33.8 182.5 9.885 99 9.784 9.612 9.956
4836.1 34.4 194 9.810 111 9.696 9.530 9.861
4648.1 35 198 9.947 102 9.902 9.727 10.077
4837.1 40 202 10.650 102 10.874 10.704 11.044
4839.1 43 254 11.330 107 11.819 11.618 12.019
4840.1 445 266 10.998 112 11.334 11.162 11.506
Depth (cm) AMS “C Cal kry AR 1200 “C 1-¢
AW nr. Depth (cm) | ps111 13 age (kyr) ) (BP) age range (kyr)
10690.1.1 and -
10699.1.1 79.5 15.284 147 16.192 15.972 16.411
12255.1.1 82.5 15.638 128 16.647 16.455 16.852
12256.1.1 84.5 16.077 141 17.182 16.978 17.370
12257.1.1 86.5 16.262 132 17.415 17.200 17.632
12258.1.1 88.5 17.042 139 18.336 18.171 18.538
12259.1.1 90.5 17.409 150 18.708 18.533 18.914
10701.1.1 and -
10692 1.1 97.5 17.843 174 19.185 18.951 19.406
12263.1.1 98.5 18.318 150 19.762 19.538 19.972
12264.1.1 100.5 18.886 156 20.449 20.241 20.666
12265.1.1 102.5 19.318 161 20.971 20.735 21.213
12267.3.1 106.5 19.494 209 21.202 20.875 21.482
12268.1.1 108.5 19.727 378 21.480 21.011 21.958
11958.1.1 and
11969.1 1 *110.5 20.633 179 22.531 22.323 22.752
12269.1.1 112.5 20.828 173 22.717 22.510 22.920
11970.1.1 and
11959.1 1 *124.5 24.420 232 26.605 26.345 26.898
11971.1.1 and
11960.1 1 *140.5 30.774 380 33.158 32.711 33.743
11961.1.1 and
11972 1.1 *160.5 36.845 643 39.784 39.241 40.400
12222.1.1 and
199931 1 **176 41.231 379 42.588 42.381 42.775

* Represents the combination between size fractions 125-250 and 250-500 pm.

** Represents the mean between 171.5 and 180.5 cm sample depth intervals.
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Supplementary Figure 2. Age model of core PS128 2. a, Correlation between LS16 benthic
stack 7 and EDML % ice core §*O records. b, Neogloboquadrina pachyderma sinistral
(planktonic) and Cibicides wuerllerstorfi (benthic) §'80 records from core PS128_2. We apply a
0.64 %o interspecific offset to adjust for seawater disequilibrium in C. wuellerstorfi 1. ¢, Bayesian
age-depth model & of core PS128 2 within PaleoDataView v. 0.8.3.4 (Ref. 9). d, Sedimentation
rate in cm/ka. Yellow stars represent calibrated radiocarbon ages and black triangles depict
stratigraphic tie-points based on 80 alignment. The blue area spanning the last 15 ka indicates
the typical 124 sedimentary sequence marked by a sharp limitation of biogenic carbonate due to

low productivity of foraminiferal shells and their preservation at our site location.

12 0.28

°

@
"
°

Al/Ca (mmolimol)
o o
PO
1 '
(<]
]
Fel/Ca (mmol/mol)

- 3 = T T T T T T T T
0.6 0.65 0.7 0.75 08 0.85 0.9 0.95 1 0.6 0.65 0.7 078 0.8 0.85 09 0.85 1 06 0.65 07 0.75 0.8 085 0.8 0.95 1
Mg/Ca (mmol/mol) Mg/Ca (mmol/mol) Mg/Ca (mmol/mol)



Supplementary Figure 3. Assessment of sample contamination. Panels show the comparison
between Mg/Ca with Al/Ca, Fe/Ca, and Mn/Ca. Shading marks the commonly accepted threshold

values for contamination of Barker et al. 8.
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Supplementary Figure 4. Oceanographic profile and apparent calcification depth of N.
pachyderma sin. in our studied region. Depth profiles showing annual temperature and salinity
(WOA 23) % compared with seawater §'¥0 measurements and calculated predicted calcite 50
values (Mackensen et al. ) at two stations (a) PS16/197 (69.48°S; 8.22°W) and (b) PS16/200
(68.5°S; 7.7°W). White stars represent the apparent calcification depth of N. pachyderma sin. at
100 m and 120 m water depth for 68.5°S and 69.48°S, respectively. The apparent calcification
depth is based on surface N. pachyderma sin. 50 values from surface MUC cores PS128 2-4 (-
69.41°S; 5.6°W) and PS128_19-1 (68.53°S; 7°W).
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Supplementary Figure 5. Mg/Ca-based subsurface temperature assessment. a, and b,
Mg/Ca-based temperature based on the available equations (Refs. 2°*) compared to our
temperature calibration (SUbSTwmgca vs. a47). The grey area represents the maximum modern
temperature range at our site location varying from +2°C (Warm Deep Water, WDW) to -2°C
(Antarctic Surface Water, ASW).



Supplementary Table 2. Summarized temperatures from available Mg/Ca calibration

equations for N. pachyderma in comparison to our study.

Mg/Ca (mmol/mol)
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Reference Maximum Minimum Amplitude Average
Temperature Temperature (°C) Temperature
(°C) °C) °C)
(1.22 mmol/mol) | (0.53 mmol/mol)
Nirnberg % 12.11 3.03 9.07 7.75
Vazquez Riveiros et al.
%0 7.83 -1.13 8.97 3.52
Jonkers et al. % 6.94 -1.43 8.37 2.91
Ezat et al. * 10.3 2.76 7.53 6.68
Mashiotta et al. % 8.04 1 7.04 4.65
Kozdon et al. %2 5.92 1.36 4.56 3.37
This study (Mg/Ca x
As7) 1.88 +0.33 -2.75+0.79 4.63 -0.71
This study (cold/warm
end-member) 1.89 +£0.12 -2.28 £0.19 4.17 -0.45
- 28

Supplementary Figure 6. Relationship between Mg/Ca ratios and weights of N. pachyderma

sin. across the last glacial period. Weights averaged from of ~80 individuals of N. pachyderma

sin. (250-500 pum) (23.60 + 1.56 pg, light green bar) indicate no carbonate dissolution in

relationship to foraminiferal Mg/Ca ratios.




Supplementary Figure 7. Scanning electron microscopy (SEM) images of Neogloboquadrina
pachyderma sinistral from core PS128_2 during the last glacial period (a: 104.5 cm; b: 112.5 cm;
€:118.5cm; d: 144.5cm;e: 179.5 cm; f: 200.5 cm; g: 220.5 ¢cm; h: 311.5 cm; i: 320.5cm; j: 333.5
cm). The specimens are well-preserved, with no significant signs of dissolution or breakage (e.g.,
sharp edges of the chambers and sutures as well as the surface texture). White lines represent

scale bars (200 pm).



11 . T
"Hard bound:-;ry" set to -2°C
1
14 : 1 This study Kozdon et al. (2009)
! —
_— ' —
° : =i
0.9 + 0.9
E o £
[e) ' [=) Similar offset
€ ! °d§'a':n5p‘:e"fa°e £ and slope regression
£ 0.8 + ' E 0.8
) .
o *—in ©
% 0.7 - Temperature < freezing pollnlt g 0.7
i )
= iy s
0.6 + 0.6
Cold end-member
0'5 L) ) L} L} ) L} L} 0-5 . T h L] L] v L] h L) h L) h L] v L] M
-5 4 -3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3 4 5 6
Temperature (°C) Temperature (°C)

c

Kozdon et al. (2009)
warmer by 4°C

Mg/Ca-based temperature (°C)

Age (ka)

Supplementary Figure 8. Mg/Ca ratio independently calibrated against As-based
subsurface temperature in comparison with Kozdon et al. *2. a, Linear relationship between
Mg/Ca and A4 (r=0.75; r>=0.57) (black line) and between the cold end-member and modern
surface Mg/Ca sample (cold-warm end-member; blue line). The deviation between the two linear
regressions is small. b, Comparison between slopes of our established Mg/Ca vs. As-temperature
(SUbSTmgrca vs. a47) (black and blue lines) and Kozdon et al. 32 (orange line). ¢, Mg/Ca-based
temperature reconstruction using our approaches (SUDST mgica vs. a47 @nd cold-warm end-member)
and Kozdon et al. 3. The comparison between our linear regression and that of Kozdon et al. %
presents strongly consistent temperature offset of 4°C, attributable to the close agreement in slope
steepness (i.e., slope angle). The error bars show the confidence intervals of A4z temperature from
the Monte Carlo approach (68 % Confidence Interval). Dashed lines represent the average

temperature of our approaches and that of Kozdon et al. %.
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Supplementary Fig. 9. Warm Deep Water updoming from 30°E to 10°W. Temperature profile

for the upper 500 m of the water column from a longitudinal transect, which represents the

preferential westward WDW transport within the Weddell Gyre. Vertical dashed lines depict the

longitudes positions of Gunnerus Ridge, Astrid Ridge and Bungenstock Plateau.
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