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Fig. S1.

Chronology of core PC08 for the last 40 thousand years. (A) 8D of the EDC ice core with the
thick line showing the 15-point running average (3) (blue). (B) Color b* with the thick line
showing the 15-point running average (orange). (C) Total diatom abundance (black), for the
glacial also plotted on a logarithmic scale (gray). A cross-plot reveals a positive correlation
between color b* and total diatom abundance data, where the black line and gray shading
indicate the linear regression and its 95% confidence interval. (D) Magnetic susceptibility (gray).
(E) Calibrated acid insoluble organic matter (AIOM) *C ages using the MARINE20 calibration
curve (80) and an additional reservoir age correction of either AR = 440+80 yr or AR®S =
1,600+80 yr (green triangles, table S1); Tuning-based chronology with its 50% quantile (median
ages, black line) as well as 2.5% and 97.5% quantiles (gray shading) based on seven age-depth
tie points (gray diamonds, table S2). The record in A is plotted on the AICC2012 chronology
(30) and records in B—E are plotted versus PC08 core depth. Gray diamonds at the top and
vertical gray dashed lines mark tie points used for the chronology of PCO08 (table S2). Calculated
sedimentation rates for the intervals between the tie points are given at the bottom (table S2).
Gray shading at the top indicates the Last Glacial Maximum (LGM) after Clark et al. (93). Light
cyan shadings indicate phases of deglacial Antarctic warming and the gray bar marks the
Antarctic Cold Reversal (ACR).
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Fig. S2.

Diatom abundance records of core PC08. (A) Color b* plotted as 15-point running average
(orange) and 8D of the EDC ice core with the thick line showing the 15-point running average
(3, 30) (blue). (B) Total diatom abundance (black). (C) Fragilariopsis curta plus Fragilariopsis
cylindrus (purple) and Thalassiosira antarctica (light blue). (D) Fragilariopsis kerguelensis
(orange) and Thalassiosira lentiginosa (red). (E) Stephanopyxis spp. and Pyxilla reticulata
(green). (F) IPSO2s (purple) and HBI-111 (pink). (G) PIPSO2s (dark blue for ¢=0.45, light blue for
c=1), reflecting sea ice conditions. The vertical gray dashed line marks the point at which diatom
and biomarker data suggest a first breakup of the glacial sea ice cover, 30 cm below the point
defined as the onset of the deglaciation. Gray shading at the top indicates the Last Glacial
Maximum (LGM) after Clark et al. (93). Light cyan shadings indicate phases of deglacial
Antarctic warming and the gray bar marks the Antarctic Cold Reversal (ACR).
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Fig. S3.

Sea ice records based on biomarkers and diatoms. (A) 6D of the EDC ice core with the thick
line showing the 15-point running average (3, 30). (B) PIPSO2s of core PC08 (dark blue for
¢=0.45, light blue for c=1). (C) Diatom-based winter sea ice concentration record of core E27-23
(43). (D) Diatom-based sea ice concentration record of core TAN1302-96 (22). (E) Diatom-
based sea ice duration record of core SO136-111 (45). Gray shading at the top indicates the Last
Glacial Maximum (LGM) after Clark et al. (93). Light cyan shadings indicate phases of deglacial
Antarctic warming and the gray bar marks the Antarctic Cold Reversal (ACR).
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Fig. S4.

Proxy-model data comparison. (A) 6D of the EDC ice core with the thick line showing the 15-
point running average (3, 30). (B) Sea salt sodium (ssNa) flux of the EDC ice core with the thick
line showing the 15-point running average (52). (C) PIPSO2s of core PC08 (dark blue for c=0.45,
light blue for c=1). (D) Simulated annual mean sea ice concentration (black) and summer (Dec-
Jan-Feb) sea ice concentration for core site PC08 (blue) averaged over 63°S—65°S, 117°E—
123°E, and summer (Dec-Jan-Feb) sea ice concentration north of core site PC08 averaged over
60°S-62°S, 117°E-123°E (purple) and averaged over 58°S—60°S, 117°E-123°E (magenta),
plotted as 101-year running averages (18, 24). (E) Simulated Atlantic Meridional Overturning
Circulation (AMOC) plotted as 101-year running averages (18, 24) (green) and sedimentary
231pa/%0Th records of cores OCE326-GGC5 (14) (black) and ODP1063 (100) (gray). (F) North
Atlantic meltwater forcing of the transient model simulation (18, 24). Gray shading at the top
indicates the Last Glacial Maximum (LGM) after Clark et al. (93). Light cyan shadings indicate
phases of deglacial Antarctic warming, concurrent with major reductions in the 23Pa/2°Th—
based AMOC associated with Heinrich Stadial 1 (H1) and the Younger Dryas (YD), and the gray
bar marks the Antarctic Cold Reversal (ACR). The AMOC reduction associated with Heinrich
Stadial 2 (H2) is also marked at the bottom.



Table S1.

Acid insoluble organic matter (AIOM) 14C ages in core PC08. AIOM “C ages were
calibrated using Calib 8.20 (79), the MARINEZ20 calibration curve (80), and two different
additional reservoir age correction (AR) scenarios following recommendations by Heaton et al.
(81). Calibrated **C ages shown are based on the 1o range and median probability (bold in

brackets).

Core AIOM *C Cal. **C age Cal. **C age
depth | LabID | age+SD | (for ARM0=440+80 yr) | (for ARS=1,600+80 yr)

cm yr BP yr BP yr BP

6.50 36’22'3%' 5382+28 | 49195200 (5055) | 3,431-3,679 (3,553)
36,50 36’22'3%' 11,096 + 35 | 11,634-11,974 (11,812) | 10,041-10,324 (10,183)
55.50 362';'3%' 8894+30 | 87068988 (8.844) | 7,476-7,674 (7,581)
66.50 | SN | 12,667 £41 | 13,451-13,704 (13,572) | 12,295-12,585 (12,420)
7450 | SO0 | 13381441 | 14,427-14,838 (14,624) | 12991-13,222 (13,103)
7450 | SONS| 13161441 | 14,042 14,413 (14,244) | 12,766-12,988 (12,888)
86.50 36’22'0%' 18,350 + 62 | 20,542-20,850 (20,701) | 19,142-19,466 (19,303)
96.50 8622'0%' 23466 + 101 | 26,159-26,597 (26,385) | 25,085-25 458 (25,266)
126.50 SQL\'O%' 21,863+ 81 | 24,576-24,947 (24,755) | 23,271-23,642 (23,433)
171.50 S(QL\'O%' 30,147 + 197 | 33,108-33,656 (33,377) | 31,464-32,029 (31,765)




Table S2.

Age-depth tie points and sedimentation rates of core PCO08 for the interval 0-40 ka. EDC
ages and age uncertainties are based on the AICC2012 chronology (30).

PCO08 EDC EDC Sedimentation
Core depth Ageaiccoo12 Ageaiccoo12 Uncertainty rate
cm ka BP kyr cm/Kkyr
0.00 0.0 0.1
45.50 8.4 0.2 5.4
65.50 11.9 0.3 5.7
74.50 14.6 0.4 3.3
100.50 17.6 0.8 8.7
192.50 27.6 0.8 9.2
286.50 37.4 0.8 9.6




Data S1. (separate file)

Magnetic susceptibility and b* color data from core IN2017_V01_C025 PCO08, covering 0-40
ka BP.

Data S2. (separate file)

Diatom data (total diatom abundance and relative abundances of F. curta, F. cylindrus, T.
antarctica, F. kerguelensis, T. lentiginosa, Stephanopyxis spp., Pyxilla reticulata) from core
IN2017_V01_C025_PCO08, covering 0-40 ka BP.

Data S3. (separate file)

HBI biomarker data (IPSOas, HBI-I11, IPSO2s5/HBI-111, PIPSO2s) from core
IN2017 V01 _CO025 PCO08, covering 040 ka BP.

Data S4. (separate file)

Model output data (simulated Antarctic sea ice concentration and Atlantic Meridional
Overturning Circulation) and North Atlantic meltwater forcing of a transient experiment with the
Earth system model LOVECLIM, covering 0-40 ka BP.
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