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S1: Age model

The age model of marine sediment core PS118 63-1 was first established using a comparative
analysis between the XRF-Ti record with the EDML 580 record (Supplementary Fig. S1). Furthermore,
the MIS 5/6 boundary is identified by the biostratigraphic marker Rouxia leventerae (ca. 130 ka BP;
Zielinski et al., 2002). Since <1% relative abundance of Rouxia leventerae was found at core depth 6.19
m (0.6%), we estimated the last occurrence of Rouxia leventerae to be around 6.2 m. Planktic
foraminifera were also selected for AMS 14C-dating (Supplementary Table S1) using the Mini Carbon
Dating System at the Alfred Wegener Institute (AWI), Bremerhaven, Germany. The 4C ages were
calibrated to calendar ages using the PaleoDataView software (v0.9.5.25; Heaton et al., 2020; Langner
and Mulitza, 2019).

Additionally, to further refine the age model, we considered age control tie points identified in
records from a nearby marine core U1537 (MS, XRF-Fe and Opal) and the EDML ice core (ssNa+).
See Supplementary Fig. S2 for the tie points identified in the respective records of marine core
PS118 63-1 with marine core U1537 and EDML ice core. The tuning of these cores with marine core
PS118 63-1 was conducted using the QAnalyseries software (v1.5.1; Kotov and Palike, 2018). A
summary of the tie points used for the establishment of the age model of marine core PS118 63-1 is
provided in Supplementary Table S2. To account for age uncertainty, we imposed an age error of £1
kyr for all the tuning tie points, with the exception of four tie points from U1537-MS. We adopted the
age errors from the age model of U1537 for these four tie points instead (refer also to Supplementary
Table 2 of Weber et al., 2022). Lastly, the Bayesian age-depth modeling was established using Bacon
v2.5.8 (Blaauw and Christen, 2011) on RStudio v2022.07.02.
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Supplementary Figure S1. Age-depth profile of marine sediment core PS118_63-1 against that of the EDML &80
record. Black crosses indicate tie points that were not chosen for use in the age model after careful comparison
between each age control tie points. Age intervals for MIS 1 - 4 and 6 are in accordance to Lisiecki and Raymo
(2005) and MIS 5 substages are referenced to Bianchi and Gersonde (2002).
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Supplementary Figure S2. Plots of age control tie points identified in records a) magnetic susceptibility, b) XRF — Fe and c) opal records of marine core U1537 (red) against

were not selected for inclusion in the age model after careful comparison between the respective records.

marine core PS118_63-1 (blue), and d) EDML ssNa+ record (red) against that of the PIPSOzs record from marine core PS118_63-1 (blue). Black crosses indicate tie points that




37 Supplementary Table S1. Radiocarbon dates taken from marine sediment core PS118 63-1.

Sample . * 14C age +C Cal age t cal
Name AWI Nr. Material F4C (abs) (kyrs) age (ka BP) age
(kyrs) (kyrs)
56831 1186?3?:?111_ 9742.1.1 ’::;tchy derma 0.1259 0.0025 16.647 0.158 17.603 0.935
E?S;?Lz_lir?l_ 9743.1.1 ’:c:tchyderma 0.0845 0.0023 19.850 0.221 21.422 0.862
38
39 Supplementary Table S2: Tie points used for age-depth model for marine sediment core PS118 63-1.
SIN MIS Depth (m) Age (ka BP) + Age (kyrs) Tie point
1 1 0.076 1.2 1 U1537-MS
2 1 0.125 5.772 1 EDML-ssNa+
3 1 0.625 10.675 1 EDML-ssNa+
4 1 0.925 13.352 1 EDML-ssNa+
5 1 1 14 1 EDML-5180
6 2 1.516 16.2 1 U1537-MS
7 2 1.64 17.603 0.935% 14C-dating
8 2 1.706 20 1 U1537-MS
9 2 1.8 21.422 0.8627 14C-dating
10 3 2 29 1 EDML-5180
11 3 2.018 29.21 0.78* U1537-MS
12 3 2.098 31.2 1 U1537-MS
13 3 2.548 38 1 U1537-MS
14 4 3.1 57 1 EDML-5180
15 4 3.228 63.64 2.28* U1537-MS
16 4 3.46 67.2 1 U1537-Fe
17 4 3.478 68.8 2.1* U1537-MS
18 5a 3.6 74 1 EDML-5180
19 5a 3.84 76.8 1 U1537-Fe
20 5b 3.9 83 1 EDML-580
21 5b 4.028 85 1 U1537-MS
22 5b 4.33 92 1 U1537-Opal
23 5c 4.83 99.2 1 U1537-Opal
24 5d 4.868 103.17 1.71* U1537-MS
25 5e 5.25 114 1 EDML-5180
26 5e 5.68 125.2 1 U1537-Fe
27 5e 5.83 126.336 1 EDML-ssNa+
28 6 6.2 130 1 R. leventarae
29 6 6.56 139.8 1 U1537-Fe
30 6 6.588 140.6 1 U1537-MS

"Age error taken from calibrated age uncertainty (refer to Supplementary Table S1)
*Age error adopted from age model for marine core U1537 (refer to Supplementary Table 2 of Weber et al., 2022)
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S2: 29Th-excess constant-rate-of-supply model

To estimate the 230Th-excess constant-rate-of-supply (CRS) age model for PS118 63-1, a total of
54 freeze-dried, grounded and homogenized sediment samples were selected (at specific depth
intervals) for the determination of uranium (U) and thorium (Th) isotopes (239Th, 232Th, 238U and 23U).
The samples were first digested in a pressure-assisted microwave digestion system (CEM MarsXpress;
24 samples per batch). Following which, 15 mL of the digested solution underwent a separation and
purification process via the seaFAST automatic column separation system, using TRU resin. Each Th/U
fraction was then analyzed via sector-field inductively coupled plasma mass spectrometry (SF-ICP-MS
Element2). U-isotopes were measured in low resolution using a cyclonic spray chamber while Th-
isotopes were measured with an Apex IR desolvation device for increasing ion yield, and in a custom-
made resolution of R=2000 for increasing abundance sensitivity. The methods employed in the
determination of 23°Th-excess and subsequent CRS-dating for PS118_63-1 are described in Geibert et
al. (2019), with the calculation of the CRS age following a method by Appleby and Oldfield (1978).

The robustness of the age model for PS118 63-1 determined using 30 tie points (Supplementary
Table S2) is supported by the strong correlation between the tie points-derived age model and
estimations via the 230Th-excess CRS-dating approach (Supplementary Fig. S3). The deviations are to
be expected considering possible changes in focusing and the limited 23°Th-inventory considered in this
core.
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Supplementary Figure S3. Comparison of age-depth profile of PS118_63-1 established based on tie points and
230Th-excess CRS model.
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S3: Numerical model and climate simulations
3.1 Community Earth System Models

The Community Earth System Models (COSMOS) have been successfully applied for the study of
both colder and warmer than present climates — during, and beyond, the Cenozoic, both at orbital and
tectonic time scales. In many cases, the COSMOS have helped to improve our understanding of
inferences from the geologic record. They have provided a dynamical framework of relevant processes
in the climate system that may mechanistically explain reconstructed climate patterns. Examples for
this work include simulations of the climates of the Cretaceous (Klages et al., 2020), of the Miocene
(Knorr and Lohmann, 2014; Stein et al., 2016), of the Pliocene (Stepanek et al., 2020), of the
Penultimate Glacial (Stein et al., 2017), of the LIG (Gierz et al., 2017; Pfeiffer and Lohmann, 2016; Stein
et al., 2017), of the LGM (Zhang et al., 2013), and of the Holocene (Guagnin et al., 2016). Furthermore,
the model has been employed towards a large number of process studies. Among these are the works
by Knorr et al. (2021) on glacial termination, the study by Kaboth-Bahr et al. (2021) on the delay of
Northern Hemisphere glaciation by Mediterranean heat injection into the North Atlantic Ocean, the
publication by Zhang et al. (2021) on the impact of astronomical forcing on Pleistocene millennial
climate variability, and the investigation by Lohmann et al. (2022) on the potential contribution of
increased vertical mixing towards reduced meridional temperature gradients in warm climates of the
Pliocene and Miocene.

3.2 Modelled climate states

The climate states piControl, mh6k, lgm21k, lig125k, and pgm140k are derived from equilibrium
climate simulations, where we analyze the climate state at the end of a spin up. In these cases, the
COSMOS have been instantaneously exposed to reconstructions of greenhouse gases and of orbital
forcing, and to paleogeography, if applicable. An exception to this methodology is the LIG climate state
at 128 ka BP, derived from simulation lig128k. This simulation stems from the computation of a transient
evolution of LIG climate from 130 ka BP to 115 ka BP, where the COSMOS have been employed with
time-varying greenhouse gas concentrations and orbital forcing applying an acceleration of a factor of
10. The initial ocean state at 130 ka BP has been created to mirror conditions that are representative
for the penultimate deglaciation, Termination Il (Tll; 140 — 130 ka BP). This ocean state has been
created based on a weak hosing (0.05 Sv) under perpetual 130 ka BP forcing. To derive the climate
conditions at 128 ka BP, we average the transient model climate state over the 100 model years that
refer to the period from 128.5 ka BP to 127.5 ka BP. Details of the model setups of the various
simulations are provided in Supplementary Table S3.
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Supplementary Table S1. Boundary conditions and model forcings for climate simulations. We present: forcing values of eccentricity of the Earth's orbit (ecc), obliquity of the
Earth’s rotation axis (obld), longitude of the perihelion of the Earth‘s orbit (lonp); atmospheric concentrations of greenhouse gas species carbon dioxide (CO2), methane, (CHa),
nitruous oxide (N20); where applicable, references (ref) to employed paleogeography, orbital forcing, atmospheric greenhouse gas forcing, and to a study that previously
described the simulation are provided.

Orbital forcing Greenhouse gas forcing Paleography Preylously
. . published by
Simulation
ecc obld (°) Lonp (°) ref CO. CHa NzO ref reconstruction ref ref name
(ppm) | (ppb) (ppb) in ref
Berger Crucifix et wei and
piControl 0.016724 | 23.4468 282.157 g 280 760 270 — — Lohmann CTL
(1978) al. (2005)
(2012)
Crucifix et .
Wei and
mhék 0.018682 | 24.1048 | 180.918 Berger 280 650 270 al. (2005) — — Lohmann | H6K
(1978) (as PMIP3 (2012)
6ka)
Braconnot Pé\/IIPB 21kta Braconnot
and raacrc:gno and
0.018994 Kageyama PMIP3 21ka Kageyama | Zhang et
lgm21k 22.949 114.42 (2015) and 185 350 200 I;%%esyamg (2015) and | al. (2013) LGMW
references ( f ) an references
therein references therein
therein
PMIP3 PMIP3
ligl25k 0.040013 23.798 127.14 125ka 275.938 | 640.417 | 263.084 125ka as piControl — this study —
Lunt et al. Lunt et al.
(2013) (2013)
PMIPS 128ka
lig128k 0.039017 24.131 79.65 Lunt etaal 275 709 512 Lunt et al. as piControl — this study —
(2013) (2013)
Berger et . —
pgm140k 0.032796 | 23.4138 253.244 al. (1978) 185 350 200 as Ilgm21k as Ilgm21k as Igm21k | this study




106  S4: Productivity signals

107 The concentration of total isoprenoid glycerol dialkyl glycerol tetraether lipids (isoGDGTSs) and
108 hydroxylated (OH)-isoGDGTs, synthetized from marine archaea (Schouten et al., 2013), varies
109 between 1.36 — 358.32 ug/g OC and 0.01 — 105.71 ug/g OC, respectively. The concentration of total
110 branched GDGTSs (brGDGTSs), mainly derived from terrestrial bacteria or eukaryotes in soils and peats
111 (Hopmans et al., 2004), ranges between 0.11 and 7.34 ug/g OC. Lastly, the concentration of
112 phytosterols fluctuates between 0 — 54.28 ug/g OC (Brassicasterol) and 0 — 8.51 pg/g OC (Dinosterol).
113  The brassicasterol and opal (bSiO2) profiles, often used as diatom productivity indicators, exhibit
114  contrasting trends, especially between 140 — 110 ka BP. This discrepancy likely arises from the limited
115  presence of brassicasterol-producing diatoms in the area, further affected by preferential growth
116 conditions and preservation effects. As a result, the brassicasterol-producing diatoms signal is
117 consistently attenuated within the overall opal signal (Badejo et al., 2017; Cavagna et al., 2013).
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119 Supplementary Figure S4. Plots of organic matter signals from core PS118 63-1. From top to bottom: TOC,
120 biogenic opal, HBI-based phytoplankton, total isoprenoid-GDGTSs, total branched-GDGTs and phytosterols.
121 Shaded intervals indicate Termination 1 and Termination Il, respectively.
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S5: TEXss--derived subsurface ocean temperature and GDGT-related indices

The TEXse'-derived subsurface ocean temperature (OT) shows a temperature range between -
2.58 and 0.98°C at the core site. However, a review of the GDGT-related indices provides strong
evidence of factors that result in biasness in our TEXss"-based temperature reconstruction, especially
during MIS 2 — 4, 5d and 6 (Supplementary Fig. S5). For example, a GDGT-[2]/[3] ratio greater than
five indicates contribution from deep-dwelling archaea (>1000 water depth), which are regulated by
processes different than that of their surface water counterparts (Kim et al., 2015; Taylor et al., 2013).
A higher abundance of isoGDGT-0 relative to crenarchaeol (%GDGT-0 value > 67%) also suggests a
methanogenic source for the isoGDGT-0 (Inglis et al., 2015). Lastly, values of ARI and BIT indices that
are higher than 0.3, imply inputs from potential nonthermal influences and/or terrestrial origin,
respectively (Fietz et al., 2016; Park, 2019; Weijers et al., 2006; Zhang et al., 2016).
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Supplementary Figure S5. Records of TEX'ss ocean temperature and respective GDGT-related indices: GDGT
[2]/[3], %GDGT-0, delta ring index and BIT for core PS118_63-1. Intervals with strong non-thermal influences are
highlighted in red on the various index curves: GDGT [2/3] > 5.0, %GDGT-0 > 67%, ARI and BIT > 0.3.
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