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S1. Radiocarbon dating and RPO blank correction

All radiocarbon measurements must be corrected for any modern and dead carbon
contamination that is introduced into the sample during processing. This correction is
determined using measured blank materials that follow the same process as authentic
samples (Donahue et al., 1990). We follow published methodologies for RPO blank
correction (Table S1) (Fernandez et al., 2014; Santos et al., 2007). All graphitization and AMS
radiocarbon measurements were done at the Rafter Radiocarbon Laboratory (RRL) facility,
but the pre-treatment and the RPO processes were done at either University of South
Florida (USF) and RRL labs, requiring slightly different blank correction procedures. For RPO,
we separate blank corrections into the RPO blank and the graphitisation-measurement
blank. The graphitisation-measurement modern carbon contribution is determined in the
same way for all samples, and is determined from measurement of *C-free CO; gas from
the Kapuni natural gas field (Turnbull et al., 2015), and *C-free kauri wood prepared by
sealed tube combustion. The graphitisation-measurement dead carbon contribution was
determined from Oxalic Acid | (Stuiver and Polach, 1977) prepared by sealed tube

combustion.

USF RPO blank correction

The RPO component of the blank correction at USF is determined from geological graphite
(devoid of radiocarbon, diagnosing the modern carbon contribution) and Oxalic Acid | (Ox-1,
nearly modern levels of radiocarbon, diagnosing the dead carbon contribution, Stuiver and
Polach, 1977) materials. To ensure the blank contamination determination is accurate for
our samples, which were processed during a three-month period in 2015, we calculate blank

IH

contamination from materials processed in 2014 and 2015. We consider only “small” targets
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in the size range of our authentic samples, and also exclude a lot number of geological
graphite that produced a low-temperature aliquot of CO; containing radiocarbon (Figure
S1). The RPO blanks are added to the graphitization-measurement blanks. The effect of

overall blank correction on reported **C values is minimal (Figure S2).
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Figure S1: Samples from the USF compilation used to calculate the of blank contamination. Gray diamonds
(top) show analyses of oxalic acid in the RPO system, with smaller masses deviating from the true value due
to the incorporation of older (less 1*C) contamination. The green circles (bottom) show measurements of
the radiocarbon-free graphite, which also deviate from the true value of 0 with smaller mass due to
incorporation of a contaminant with radiocarbon content. The proximity of each of these data sets to lines
of equal contaminant mass (dashed black lines) determines the average blank contribution and variability
of the blank contribution (red solid and dashed lines, respectively).

RRL RPO blank corrections

RPO was established at RRL in 2019 in collaboration with the USF lab (Ginnane et al., 2024).
The same methodology is followed as for USF-processed samples, but using radiocarbon-
free kauri wood and Ox-1 as the diagnosing standard materials. Unlike USF, RRL observes a

time-dependency in the modern and dead carbon blank contamination as part of the RPO
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process in addition to the time-independent blanks, and the correction follow standard RRL
procedure for RPO samples (Ginnane et al., 2024). We note that these samples were
prepared during a period when dry ice was used in the laboratory for sample processing.
Dry ice is prepared from geological CO; and therefore can contribute dead carbon
contamination through leaks of room air into the vacuum systems. More recently, dry ice
has been removed from the laboratory and dead carbon contamination is substantially

lower (Ginnane et al., 2024).
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Figure S2: The effect of blank correction on reported 4C values (gray circles) is minimal considering that the
blank-corrected values (green triangles) are often in intersection with the uncorrected values. Smaller samples
(mass not depicted in this plot) and older samples are more sensitive to blank correction.
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Table S1: Reported RPO radiocarbon data from USF and RRL (denoted with an *). All dates
reported in the main manuscript are calculated from the fully blank-corrected ages herein,

which are corrected for graphitization and AMS at RRL and the RPO sample preparation

process at USF, and then calibrated using the Marine20 calibration curve (Heaton et al.,

2020) .
. Graphite and Fully
USFlab  RRLIab  Mass Craphiteand o ank blank.  Fully blank-
Sample " . " AMS blank corrected
Identifier identifier (nmol) corrected correcte R
corrected Fm . uncertainty
uncertainty dFm
GC570 DB-1378-1 NZA 62683 12.8 0.8309 0.00706 0.8363 0.00841
GC570 DB-1378-2 NZA 62684 15.6 0.8448 0.00563 0.8495 0.00675
GC57 180 DB-1379-1 NZA 62685 12.7 0.65818 0.00675 0.6584 0.00784
GC57 180 DB-1379-2 NZA 62686 16.0 0.70736 0.00502 0.7087 0.00594
GC57 380* - NZA72390 233 0.6029 0.00167 0.6069 0.0067
GC57 455  DB-1386-1 NZA 62696 11.5 0.54636 0.00730 0.5429 0.00841
GC57 455  DB-1386-2 NZA 62697 14.2 0.56292 0.00663 0.5606 0.00745
GC57 505* - NZA72389 32.4 0.4804 0.0013 0.4804 0.0027
GC57560 DB-1384-1 NZA 62691 13.5 0.3862 0.0070 0.3787 0.00780
GC57560 DB-1384-2 NZA 62692 16.2 0.40798 0.00445 0.4023 0.00519
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Figure S3: radiocarbon ages and accumulation rate for core RS15-GC57; uncalibrated radiocarbon ages (**C yr
BP) and uncertainties (left) and accumulation rate (mm/yr) derived from the calibrated age model (right).



71 S2. Modern instrumental data
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74 Figure S4: Proportion of prevailing winds by direction strength (meters per second) along the Cape Adare
75 Ridge in between November 2015 and November 2016. An increase in the wind speed (color) and shift to the
76 southeast occurs during sea ice advance in March and April and is highlighted in beige.
77
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$3. Supplementary information about proxy records

Table S2: Correlation (R value) of paleoclimate records. Proxies associated with primary
productivity (Br/Ti, TOC, wt% BSi, ADA) are corelated with each other (R>0, highlighted in
red) and anti-corelated (R<0, highlighted in blue) with MS, a proxy for terrigenous sediment.
D13C and sand percentage are positively corelated with MS.

MS  813C Sand abundance Br/Ti TOC Wit%BSi TN ADA
MS 1 0.84 0.76 -0.57 -0.71 -0.82 -0.76 -0.42
813C 0.84 1 0.75 -0.53 -0.68 -0.83 -0.68 -0.38
Sand 0.76 0.75 1 -0.58 -0.69 -0.75 -0.75 -04
Br/Ti -0.57 -0.53 -0.58 1 0.71 0.57 0.71 0.54
TOC -0.71 -0.68 -0.69 0.71 1 0.7 0.87 0.58
W1t% BSi | -0.82 -0.83 -0.75 0.57 0.7 1 0.72 0.5
TN -0.76 -0.68 -0.75 0.71 0.87 0.72 1 0.51
ADA -0.42 -0.38 -0.4 0.54 0.58 0.5 0.51 1
CRS Fragilariopsis obliquecostata Fragilariopsis ritscheri Synedropsis spp. Fragilariopsis kerguelensis
0 20 Q 5 10 ] 5 o 2 4 0 2 4
v — = p— P— -_—
100 |Unit lc‘
400
S

0 5 0o 25 50 00 25 50 0 10 0 5
Chaetoceros spp. Fragilariopsis curta Fragilariopsis rhombica Fragilariopsis sublinearis Thalassiosira antarctica

Figure S5: Relative abundance of diatoms taxa with relative abundance greater than 5% in core R$15-GC57.
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Figure S6: Grainsize analysis for each sedimentary unit and average skewness, sorting, kurtosis, and grainsize. Full core
shown in grey and each is unit highlighted in black. Units 1, 2, and 3 are dominated by silt. Unit 4a is distinguished by an
increase in the proportion of coarse silt and very find sand and a more well sorted, coarse skewed grainsize assemblage.
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S4. Method for aligning data from CTD cast and hydrographic moorings

We correct measurements of salinity, potential temperature, and dissolved oxygen from the

Sea-Bird SBE 19 CTD cast using contemporaneous measurements from Sea-Bird SBE 37-

SMP-ODO CTDs deployed on shallow (45 and 53 m) and deep (302) hydrographic moorings.

Mean offsets of 3.62 mg/L (dissolved oxygen), 0.18 psu (salinity), and 0.4°C (potential

temperature) between the CTD cast and the hydrographic moorings are within the

uncertainty of Sea-Bird field deployments. Excellent agreement between the shallow

moorings at 45 and 53 m depth, which were factory calibrated, provides confidence in CTD

measurements from the moorings.

Table S1: comparison between salinity, potential temperature, and dissolved oxygen

measurements from the CTD cast taken on Nov. 7t" 2015 and mean values for moorings
deployed at the same depth between Nov 2" and Nov 12t 2015.

45 m depth

53 m depth

302 m depth

Mean
cTD Mooring | Offset c1b Mooring | Offset cTD Mooring | Offset offset
cast cast cast

Potential 176 | -181 | 005 | -1.76 | -1.82 | -005 | -1.74 | -1.74 | 000 | -0.03
temperature (°C)
Dissolved oxygen | ¢ |, 8.68 357 | 5.02 8.39 337 | 4.90 8.82 391 | 362
(mg/L)
Salinity (psu) 3415 | 3400 | 015 | 3420 | 3401 | 019 | 3443 | 3425 | 018 | -0.17

10
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Figure S9: Offset between raw measurements from the Sea-Bird SBE 19 CTD cast and profiles corrected using
mean measurements from Sea-Bird SBE 37-SMP-ODO CTDs deployed on shallow (45 and 53 m) and deep (302)
hydrographic moorings. Black dots show average mooring measurements 5 days before and after the CTD cast,

error bars highlight the standard deviation for the 11-day period.
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