N

(o) N O2 e S O8]

O 00

10
11
12
13
14

15
16
17

18

19
20
21
22
23

24
25
26
27
28

29
30
31
32

33

34
35
36
37

38
39

Extended Data

Chronostratigraphic framework and age control across cores

Accurately constraining the age of Arctic Ocean sediments, particularly those corresponding to low 23°Th, and low
authigenic °Be/°Be intervals, is challenging due to the limitations of traditional dating methods. Extremely low
sedimentation rates, poor carbonate preservation 2, and the restricted hydrographic connection of the Arctic Ocean
to the global oceans severely limit the use of 680-stratigraphy and subsequent classical MIS assignment.

In their pan-Arctic synthesis, Geibert et al., 2021 identified two prominent low-23Thys intervals traceable across the
Arctic Ocean and into the Nordic Seas. The older interval was interpreted as corresponding to MIS6 and likely
predates 131 ka. A younger, less pronounced low-2%Thys interval was attributed to MIS4 (ca. 70 — 62 ka), potentially
terminating near Heinrich Event 6. A third, late-glacial minimum tentatively linked to MIS2 (~18 — 15 ka) has been
reported only at high-accumulation sites near the Yermak Plateau and Fram Strait and is not clearly expressed in
Nordic Seas records. As mentioned in Geibert et al. (2021), given the ongoing dispute about the age of younger
Pleistocene sediments, there is not yet a strict proof that the low 23°Thysintervals occurred at the exact same time in
all cores. However, for subpolar cores the age constraints are clearer.

Here, we follow most of these age assignments and further specify some of them using additional lithological
observations, magnetic susceptibility (MS) correlations, extinction ages of excess 22°Th and %*!Pa, and a re-evaluation
of published isotope records “.

Fram Strait, Yermak Plateau and Barents Sea

The chronostratigraphic framework of Geibert et al. (2021) relies primarily on core PS1533-3, which contains both
230Th,s and bulk °Be concentration records >°. In this core, two samples with low authigenic °Be/°Be ratios are
located slightly above two distinct dark lithological layers, the uppermost layer was taken close to a light §%0 peak
that marks the MIS 5/6 transition. The lower sample at 452.5 cm in late MIS6 may correspond to the dark layers in
PS1235-2 and GIK23065-3.

In PS1235-2, our °Be/°Be record is based on a limited nhumber of measurements spanning an interglacial-glacial
transition. The 23°Thys record of core PS1235-2 was correlated to GIK23059, which isotope stratigraphy is well
described 7. The lowest °Be/°Be ratio occurs within a dark grey interval enriched in coal fragments, which likely
corresponds to late MIS6 and matches a similar dark interval in GIK23065-3. These coal-rich layers have previously
been interpreted as reflecting enhanced input of terrigenous organic material sourced from Siberian shelf regions &

Core PS2138-1 from the Barents Sea, north of Svalbard, was dated using planktic foraminiferal §'¥0 and &'3C °1°,
supplemented by AMS radiocarbon ages for the younger section. Although the 60 signal may be influenced by
local meltwater effects, it broadly matches global stacks and allows assignment of marine isotope stages down to
MiIS6.

Lomonosov and Mendeleev Ridges

AMS radiocarbon ages from Lomonosov Ridge cores (PS2185-3/6, PS87/030-1) and PS2200-5 from the Morris Jesup
Rise, combined with lithological correlations to Mendeleev Ridge records (PS51/038-4, PS72/396-5), confirm that
the upper widespread low-23°Thys interval (MIS 4) clearly predates MIS 2. Radiocarbon constraints suggest ages older
than 32,500 — 34,300 “C yr for the Lomonosov Ridge *'2 and >43,000 “C yr for the Mendeleev Ridge 3%,

The presence of 2°Thy below both low-salinity intervals in the central Arctic and a weak 23!Pays signal in the upper
part of PS87/030-1 suggests that the lower interval is younger than ~150 ka 2. However, significant uncertainties
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remain. In some records (e.g., PS51/038-4, PS2185-3/6), Emiliania huxleyi has been reported below the nominal MIS
6 low-23'Th,s interval 8, implying much higher sedimentation rates. As this occurrence could not be confirmed in
subsequent work (Razmjooei et al., 2023), we adopt the older age model ¥’ for PS2185-6, supported by recent work
4 consistent with lower sedimentation rates on the Lomonosov Ridge.

In PS2200-5, age control relies on correlation to PS2185-6 due to the scarcity of other age markers. While lithological
similarities suggest a possible MIS6 assighment, the two samples with low °Be/°Be ratios in PS2200-5 are not
associated with dark or coal-bearing layers, and a late MIS6 age — analogous to southern cores — cannot be firmly
inferred.

Revised interpretations for PS87/030-1 by Song et al. (2023) indicate that previously assigned MIS6 sections may be
affected by a hiatus between ~62 - 65 cm depth. Combined with extinction ages of 23°Th and 23'Pa, low 1°Be/°Be
ratios at 23.5 and 40.5 cm are likely younger than MIS5 and may correspond to MIS4, whereas a higher ratio at 65.5
cm likely rather reflects MIS5 conditions. The presence of a Bulimina aculeata peak below ~70 cm, previously
attributed to MIS7, further supports a stratigraphic discontinuity within the nominal MIS6 interval 2. The hiatus
during MIS6 may explain the absence of low 1°Be/°Be ratio recorded around 60.5 cm depth, where Geibert et al.
(2021) placed the oldest low 23°Th,s event.

Nordic Seas and North Atlantic

The age model of core GIK23065-3 from the Nordic Seas is based on 80 stratigraphy & and MIS assignments
constrained by 23°Thys 1°. In this study, GIK23065-3 is correlated using both §'®0 and authigenic °Be/°Be minima
during glacial intervals (Extended Data Figure 3). The late MIS6 low-1°Be/°Be interval coincides with a dark grey, coal-
rich layer, consistent with enhanced terrigenous input.

The North Atlantic core MD95-2016 2° provides independent age control, with its age model derived through

alignment of planktic 6120 to a probabilistic Pliocene-Pleistocene benthic 680 stack %!, following the LRO4 framework
22

Synthesis and implications

Taken together, revised extinction ages, lithological observations, and the distribution of coal-bearing layers indicate
that low authigenic °Be/°Be ratios are preferentially associated with full glacial conditions rather than intervals of
elevated sedimentation rates. In some subpolar and Nordic Seas records, late MIS6 low-ratio intervals coincide with
dark, coal-rich layers, consistent with enhanced supply of Siberian terrigenous material &. In contrast, central Arctic
cores with low °Be/°Be ratios not systematically associated with dark layers or coal enrichment, however they show
an increase in smectite content, which points out to a Siberian source 23. However, for the central Arctic cores a
higher sampling resolution could help to improve stratigraphic correlation to other cores and identify late MIS6.

Accordingly, while late MIS6 represents the most consistent interval for low 1°Be/°Be ratios in subpolar records, their
occurrence in the central Arctic cannot be assumed to be strictly synchronous. The use of °Be/°Be minima as
stratigraphic markers should therefore be regarded as a testable working hypothesis rather than a definitive
chronostratigraphic tool, particularly for central Arctic sites.
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Extended Data Fig. 1 | Compilation of authigenic °Be/°Be ratios (at/at) (in black) measured within intervals of
low 23°Th,s (dpm/g) reported by Geibert et al. (2021). 22°Thys records (in grey) are from Geibert et al. (2021) and
references therein, except for GIK23065-3 from this study. Please note the different scales used for 23°Thys. Green
and blue shaded bands indicate their proposed correlations to MIS4 and (late) MIS6, respectively. Numbers denote

sample depths (cm).
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Extended Data Fig. 2 | Water depth vs. authigenic °Be/°Be during 2°Thy--minima interval (MIS6). Despite the
different core locations and water depths, ranging from ~1000 m to nearly 3000 m, the '°Be/°Be ratios measured
during low 2°Thy (glacial) intervals are remarkably homogeneous.

As mentioned in Main Text Fig. 1; the minima in PS87/030-1 can be explained by the presence of a hiatus of late

MIS6 in the core 4. The actual measurement could then be associated to MIS5 rather than MIS6, explaining the higher
10Be/°Be ratio.
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Extended Data Fig. 3 | 620 and authigenic °Be/°Be records of MD95-2016 and GIK23065-3.

a) 680 from Savranskaia et al. (2024) has been correlated in the same study to the probabilistic benthic §'80 stack
from Ahn et al. (2017) (and allows a placement of MIS5 between the two grey shaded intervals marked as MIS6 and
MIS4.

b) 680 and age constraints from (Vogelgesang (, 1990) used in this study for MIS6 to MIS4. The GIK23065-3 core is
plotted against composite depth (and refers to GIK23065-2/3).

IG and G represent respectively interglacial and glacial periods. Authigenic °Be/°Be ratios from MD95-2016 and
GIK23065-3 are respectively from Savranskaia et al. (2024) and this study.

To anchor the low-22Thys intervals in a regional and global timescale, we use the MD95-2016 core’s high-resolution
planktic 880 record 2°, which has been tied to the probabilistic benthic §'80 stack (Ahn et al., 2017) and allows to
constrain MIS 6 — 4 in the North Atlantic (ED Fig. 3). We then transfer this chronology to our Nordic Seas record,
GIK23065-3, using the Vogelsang (1990) age model on its 60 sequence (Main Text Fig. 2b). With age control
established over MIS6, 5, and 4 we compare authigenic 1°Be/°Be signals in both MD95-2016 and GIK23065-3 cores
(Main Text Fig. 2a and b) and extend the analysis to multiple Arctic sites (Main Text Fig. 2c).
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10pA. pa_
Sources Be . Be . Resulting °Be/°Be
concentrations | concentrations (at/at) Water flux
[at/g] [pmol/kg]
North Atlantic inflow 621 13.7 7.51x 108 2.1 Sv through Fram
in the Arctic Ocean Strait
1.7 Sv through the
Barents Sea
Pacific inflow at 200 13 2.55x 108 1 Sv through the Bering
Bering Strait Strait
Ob 8982 1597 0.93x 108 1.28 x 10* m3/s
Yenisei 2935 316 1.54x 108 1.97 x 10* m3/s
Lena 4416 1176 0.62x 108 1.68 x 10* m3/s
Mackenzie 683 315 0.36x 108 9.73 x 10> m3/s

Extended Data Table 1 |Be isotopes concentrations from Frank et al. (2009) used as endmembers in this study’s Be

mass balance calculation and water fluxes.
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