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Edwards, G. H., Blackburn, T., Piccione, G., et al. Terrestrial evidence for ocean forcing of
Heinrich events and subglacial hydrologic connectivity of the Laurentide Ice Sheet [J] Science
Advance, 2022, 8(42), eabp9329.

https://doi.org/10.1126/sciadv.abp9329
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ABSTRACT: During the last glacial period, the Laurentide Ice Sheet (LIS) underwent episodes of
rapid iceberg discharge, recorded in ocean sediments as “Heinrich events” (HEs). Two competing
models attempt to describe the stimulus for HEs via either internal ice sheet oscillations or external
ocean-climate system forcing. We present a terrestrial record of HEs from the northeastern LIS that
strongly supports ocean-climate forcing. Subglacial carbonate precipitates from Baffin Island record
episodes of subglacial melting coincident with the three most recent HEs, resulting from
acceleration of nearby marine-terminating ice streams. Synchronized ice stream acceleration over
Baffin Island and Hudson Strait is inconsistent with internal ice sheet oscillations alone and indicates
a shared ocean-climate stimulus to coordinate these different glaciological systems. Isotopic
compositions of these precipitates record widespread subglacial groundwater connectivity beneath
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the LIS. Extensive basal melting and flushing of these aquifers during the last HE may have been a

harbinger for terminal deglaciation.
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Figure 1. Modern and LGM conditions of northern North America and Baffin Island. (A and B)
Modern sea level and land-ice distribution (white) are overlain by LGM Laurentide Ice Sheet extent
(purple border) (73), paleo-ice streams draining the Foxe Dome (pale blue with dark borders) (33),
subglacial carbonate precipitates measured in this study (diamonds), and groundwater-fed
periglacial carbonate precipitates with 8234Uo >500%o (circles) (47, 58—60). Black boxes in (A)
indicate extents of (B) to (D). (C) Reconstructed ice surface elevation and surrounding land and
bathymetry (relative to modern sea level) at 20 ka ago (35). (D) Change in reconstructed ice

thickness between 20 and 12.5 ka ago (35).
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Figure 2. Chronologic comparison of Baffin Island subglacial calcite-forming events with various
climate, ocean, and ice sheet records. Datum: 1950 CE. Proxies from the same record share the same
color. Pale red bars indicate “Greenland Interstadial” events (75). Pale blue bars indicate HEs: H1
spans the comprehensive time frame of (17) and H2 and H3 span associated excursions in the Hulu

Cave speleothem record (B). (A) NGRIP §'®0 record of Greenland temperature variation (GICC05



time scale, adjusted to 1950 CE datum) (75). (B) §'®0 of Hulu Cave stalagmites (PD and MSD)
record Asian monsoon precipitation changes that vary synchronously with Greenland temperature
changes (5). (C) Sinistral Neogloboquadrina pachyderma §'®0 record at Orphan Knoll (core MD95-
2024P), a proxy for freshwater flux into the North Atlantic (27, 28). (D) Reconstructed ice thickness
over the Rimrock Hills and Barnes Ice Cap margin (35). (E) Dates of Baffin Island calcite-forming
events from this study and (22), traced with a probability density plot (PDP) calculated using (76).
Bells indicate uncertainty distributions of the means (vertical lines) and heights scale with precision
(only relative heights matter, absolute values omitted). (F) Carbonate ice-rafted detritus (IRD) and
(G) water temperatures calculated from benthic foraminifera Mg/Ca (+1 analytical uncertainty) at
an intermediate-depth site in the Labrador Sea (core EW9302-2JPC) (10). (H) North Atlantic
subsurface ( ~150 m depth) water temperatures calculated from Mg/Ca ratios of sinistral N.
pachyderma (envelope denotes 95% confidence interval) and (I) bulk sediment Ca/Sr, a proxy for
carbonate IRD (core GeoB18530-1) (14). (J) Seawater §***U (+2 uncertainty) in the upper (<1.5 km

depth) low-latitude North Atlantic Ocean, reconstructed from deep-sea corals (19).
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Liu S, Gao J, Zhao M, et al. Crustal structure of the northern Manila subduction zone: Is thinned
continental crust or oceanic crust subducting beneath the Luzon arc and forearc?[J].
Tectonophysics, 2022, 844: 229605.

https://doi.ore/10.1016/].tecto.2022.229605
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ABSTRACT: Forward and inverse P-wave velocity models along an E-W 280-km-long wide-angle
reflection/refraction profile at 21°N across the northeastern South China Sea margin and Manila
subduction zone reveal a 10—12 km thick thinned continental crust (TCC) located west of the Manila
transcurrent fault (MTF) and Manila slab. The TCC is divided in two parts separated by the intra-
continental velocity difference boundary (VDB). West of the VDB, the TCC is located above a high
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velocity layer (HVL). East of the VDB, the TCC consists of three layers: an undefined body with a
velocity inversion at its base above the upper and lower crusts. The VDB and MTF merge east of
the Hengchun peninsula showing that the TCC located east of the VDB decreases in size and
disappears to the north. The distribution of earthquakes (EQs) shows that ~80 km of crust have
subducted east of the MTF since the onset of Luzon arc collision with Eurasia at ~7 Ma. All
published tomographies suggest the subduction of oceanic crust (OC). However, due to crustal
corrections, up to a maximum width of 40 km of TCC might eventually exist in the upper part of
the Manila slab instead of OC. Two end-members with 40 km of TCC or not in the upper part of
the Manila slab were restored at ~7 Ma. Since that time, the north Luzon island moved ~600 km in
the northwest while part of this motion was absorbed near the Hengchun peninsula by shrinking of
Eurasia TCC, resulting in a ~ 20° clockwise rotation of the Manila slab and MTF. Small Luzon arc
blocks started to rotate 10°-30° clockwise at ~7 Ma below northern Taiwan, 3—4 Ma in the Coastal
range and 1 Ma in Lutao and Lanyu islands and not south of the Hengchun peninsula. Thus, both
the clockwise rotation of the individual Luzon arc blocks and of the Manila slab and MTF might

explain the collision process of the Luzon arc with the Eurasia continent.
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Figure 1. Interpretation of the wide-angle seismic Profile OBS2015-2 OBS2016—1 replaced in the
general context of the Manila subduction zone (No vertical exaggeration). (A) RayInvr model of Profile

OBS2015-2 OBS2016-1 with earthquakes (EQs) of magnitude >4 from the International Seismological
6



Centre (ISC) database in a 30-km wide stripe along the profile. (B) General context of the Manila
subduction zone in the global convergent system with the same EQs as in A. End member with 40 km of
thinned continental crust already subsided. (C) Corresponding geodynamic context of the Manila
subduction zone ~7 Ma ago. (D) General context of the Manila subduction zone in the global convergent
system with the same EQs as in A. End member with no subsided thinned continental crust. (E)
Corresponding geodynamic context of the Manila subduction zone ~7 Ma ago. Sediment layer in green.
The blue and white balls are focal-mechanism solutions. In C and E, the Hengchun accretionary wedge
was reduced in size and not drawn, the Manila trench was ~20 km west of the MTF, and the Manila slab
and the Huatung basin-Philippine Sea plate (HB-PSP in white) were located ~80 km east of their present-
day location. Thinned continental crust in yellow and oceanic crust in blue. Continental mantle in light
yellow and oceanic mantle in light blue. COB, continent-ocean boundary; HR, Hengchun ridge; MT,
Manila trench; NLA, north Luzon arc; NLT, north Luzon trough; VDB, intra-continental velocity

difference boundary.
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Sanchez-Moreno E. M., Font E., Pavon-Carrasco F. ]., et al., Paleomagnetic techniques can date

speleothems with high concentrations of detrital materiallJ]. Scientific Reports. 2022;12:17936.

https://doi.ore/10.1038/s41598-022-21761-9
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ABSTRACT: The U-series dating of young and ‘dirty’ speleothems is challenging due to
difficulties in assessing the isotopic composition of detrital contaminants and the low-abundance of
20Th generated in situ. Here we propose a new dating approach based on the comparison of a
speleothem’s paleomagnetic directions to reference curves from global paleomagnetic
reconstructions. This approach is demonstrated on a stalagmite collected from the Soprador do
Carvalho cave in the Central Region of Portugal. A radio isotopic age model, built using four
U-series ages and three '“C, suggests relatively steady carbonate precipitation from ~ 5760 BCE
until ~ 1920 CE. Forty-five 6 mm-thick subsamples were analyzed using alternating field and

thermal demagnetization protocols, providing well-defined, primary magnetic directions. An age



model of the stalagmite was obtained by fitting its paleomagnetic record with the reference
paleosecular variation curves obtained by previous paleo-reconstruction models, applying statistical
bootstrapping analysis to define their best fit. The resulting age models fit closely with the radio
isotopic age model but provide a significantly higher time resolution. We reach the same conclusion
when applying this approach to another stalagmite from the Algarve region of Portugal. Our

approach thus appears a promising alternative to date young speleothems with high detrital contents.
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Figure 1. The age-depth model of the Algarve speleothem obtained by fitting the paleomagnetic data to
the PSV curve from the SHA.DIF.14k model, using our statistical bootstrapping analysis (in black). Age-
depth model based on interpolated U-series ages (in green). Below is the position of the paleomagnetic
data on the PSV curve after fitting. See Fig. 4 for legend. Green points in the speleothem picture represent
the sample-based mean directions calculated by Ref.26 in 15 calcite laminae for which ages were
calculated based on U-series isochrons using the StalAge algorithm. All data errors and error bands are

shown at 95% of probability.
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Zhang H, Egbert G, Huang Q. A relatively dry mantle transition zone revealed by geomagnetic
diurnal variations [J] Science Advances, 2022, 8, eabo3293.

https://doi.ore/10.1093/gji/egab257
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ABSTRACT: The distribution of water within the mantle transition zone (MTZ) has important
implications for the material circulation and partial melting of the mantle. Although solubility of
hydrogen is very high, leading to speculations that the MTZ plays a key role in the deep-Earth water
cycle, the actual water content remains an open question. Electrical conductivity of mantle minerals
is very sensitive to water content, so reliable estimates of this physical parameter in the MTZ would
provide valuable constraints. Here, we use recently developed joint inversion of geomagnetic
diurnal variation for realistic source structure and one-dimensional mantle conductivity profile.
Synthetic tests show that the resulting profile is a reasonable proxy for the electrical conductivity
distribution of continental mantle over depths where model resolution is best (200 to 600 kilometer),
even in the presence of lateral heterogeneity. The inferred water concentration in the MTZ is 0.03

weight %, one to two orders of magnitude below the solubility of wadsleyite and ringwoodite.
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Figure 1. Water content in the upper mantle and MTZ. (A) Conductivity-depth profile (black line),
compared to laboratory-based profiles derived from mineral physics experiments on nominally
anhydrous minerals with hydrogen using adiabatic mantle temperature profile. The pink dot-dashed
line is the dry peridotite model SEO3 with quartz-fayalite-magnetite buffer. (B) Layer averaged bulk
conductivity of minerals aggregate as a function of bulk water content and the averaged conductivity
derived from preferred inversion profile (black line) with uncertainty (gray). From top to bottom:
the upper mantle, upper MTZ, and lower MTZ. MORB, mid-ocean ridge basalt; OIB, ocean island
basalt. (C) Conductance-depth profile of plausible inverted models derived from various data and
inversion schemes. The black dotted line denotes the upper bound of conductance derived from
preferred conductivity profile, accounting for estimated uncertainty. The thick purple lines denote
calculated conductance based on laboratory studies with fixed water contents in upper mantle and
MTZ: Solid line corresponds to best match to preferred conductivity profile, and dotted lines
represent upper and lower bounds. For the lower bounds, both the upper mantle and lower MTZ are

dry (0.001 wt % water). Olivine, ol; wadsleyite, wad; ringwoodite, ring; garnet, gt; and pyroxene,
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py; UM, upper mantle.
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Holdenried - Chernoff D, Buffett B A. Evidence for Turbulent Magnetic Diffusion in Earth ™ s
CorelJ]. Geochemistry, Geophysics, Geosystems, e2022GC010672.

https://doi.org/10.1029/2022GC010672
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ABSTRACT: Fluctuations in the paleomagnetic field suggest that the dipole decay time is shorter
than expected, based on current estimates for the molecular magnetic diffusivity in the outer core.
Similar behavior is observed in turbulent dynamo simulations, where the short magnetic field decay
time cannot be attributed to higher-order decay modes. We interpret the short decay time as a
signature of turbulent diffusion and show that mean-field theory can quantitatively account for the
dynamo results. The predictions depend on the amplitude and length scale of the flow that interacts
with the magnetic field. We rely on the pairwise balance between Lorentz/Coriolis and
buoyancy/Coriolis forces to identify the relevant part of the flow, and use the resulting flow
properties to reproduce results from numerical dynamo simulations within their uncertainties. Upon
extending these predictions to the paleomagnetic field, we find that the inferred decay time requires

a bulk root-mean-square velocity less than 0.8 to 1.2 mm s™'. Somewhat lower velocities have been
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estimated at the top of the core from observations of secular variation. These results show that
velocities in the interior of the core are constrained by paleomagnetic observations, and that the

amplitude of this flow cannot substantially exceed estimates at the core surface.
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Hébert R, Herzschuh U, Laepple T. Millennial-scale climate variability over land overprinted by
ocean temperature fluctuations [J]. Nature Geoscience, 2022.

https://doi.ore/10.1038/s41561-022-01056-4
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ABSTRACT: Variations in regional temperature have widespread implications for society, but our
understanding of the amplitude and origin of long-term natural variability is insufficient for accurate
regional projections. This is especially the case for terrestrial temperature variability, which is
currently thought to be weak over long timescales. By performing spectral analysis on climate
reconstructions, produced using sedimentary pollen records from the Northern Hemisphere over the
last 8,000 years, coupled with instrumental data, we provide a comprehensive estimate of regional
temperature variability from annual to millennial timescales. We show that short-term random
variations are overprinted by strong ocean-driven climate variability on multi-decadal and longer
timescales. This may cause substantial and potentially unpredictable regional climatic shifts in the
coming century, in contrast to the relatively muted and homogeneous warming projected by climate
models. Due to the marine influence, regions characterized by stable oceanic climate at sub-decadal

timescales experience stronger long-term variability, and continental regions with higher sub-
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decadal variability show weaker long-term variability. This fundamental relationship between the
timescales provides a unique insight into the emergence of a marine-driven low-frequency regime
governing terrestrial climate variability and sets the basis to project the amplitude of temperature

fluctuations on multi-decadal timescales and longer.
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Figure 1. a, PSD estimates of land air temperature (T land) from pollen-based reconstructions along

instrumental data and model simulations, both extracted at the pollen record locations;
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logarithmically spaced axes were used. Also shown are estimates from timeseries detrended with a
23-kyr sinusoidal or with respect to log(CO>) (dashed). The number of pollen records contributing
to each timescale is indicated below (brown axis). b, Average spectral estimates from reconstructed
annual SSTs, and instrumental data at the corresponding locations. Observational spectra from a are
reproduced. Linear combinations of power laws with slope = 1.2 and white-noise series are shown
as dashed-dotted lines (land in green, sea in blue and white-noise levels in grey). Shading indicates

90% confidence intervals around the mean.
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Peral M, Bassinot F, Daéron M, et al. On the combination of the planktonic foraminiferal Mg/Ca,
clumped (447) and conventional (6'°0) stable isotope paleothermometers in palaeoceanographic
studies [J] Geochimica et Cosmochimica Acta, 2022, 339: 22-34.

https://doi.ore/10.1016/j.¢ca.2022.10.030

WE.: AL RBIERAMAER (A47) S5/KEEM pH oK, B4 Mg/Ca, 880 F1A47 HZH
AV BT UL BhIRA T EE IR E, EhE/8"800 Al pH (55 . S0, AR T —/NErE
R Mg/Ca-A47 Bidlidie , Bk B AN R B TREE st , 6058 1 AR KR B2 Y [ 0.2-25.4°C) .
XS 77 ANVEE X 0 JB AP Peral 45 (2018) HEATA47 RUERHE I —2, foiF Mg/Ca
FIA4T ZTAHEATLEE CAEEE 2 FPRAEA FL AU BE D . 7EX Mg/Ca IR EEREAT ERFEAI pH
RIEfE, EAHRERIFEAREN—8E, KRG FLERA4T FTReASZE R pH R
SRTMT, FATRIREFTAE REH], A47 IR EEFR AR AN E VEUS IR IR ] 7 AT Mg/Ca, 80 Al
A4T HLE R EE pH A 804 MAES . BATBRIEBSIEEG, SREM pH IS, G
bulloides ¥] Mg/Ca FIA4T 22 [ B 22 S K ARAFAE , 1X 32 B HoAth it A2t 7] BE 2 W iZ ) P ) Mg/Ca.
B FCIESEME T Peral 25 (2018) Se il A R IF N A EMA FLIRA4T KLHER] I-CDES ST A,

78 i i JE VL ] -2—25.4°C 6

ABSTRACT: Assuming that foraminiferal clumped isotope (A47) values are independent of
seawater salinity and pH, the combination of Mg/Ca, §'®0 and A47 values, may in theory allow us
to disentangle the temperature, salinity/5'®O, and pH signals. Here, we present a new Mg/Ca-A47
dataset for modern planktonic foraminifera, from various oceanographic basins and covering a large
range of temperatures (from 0.2 to 25.4 °C). These measurements were performed on the same
samples and species as the ones used for the foraminiferal A47 calibration of Peral et al. (2018),
allowing comparison between both Mg/Ca and A47 paleothermometers (excluding the two benthic

foraminiferal data points). There is a good agreement between these two paleothermometers when
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the Mg/Ca-temperature is corrected for seawater salinity and pH, suggesting that foraminiferal A47
may not be influenced by salinity or pH. However, our results show that A47 temperature
uncertainties still limit our ability to reconstruct pH and §'¥Oyy from the combination of Mg/Ca,
380 and A47 in a useful manner. We also find that disagreements between Mg/Ca and A47 values
in G. bulloides persist after correction for vital, salinity and pH effects, suggesting that other
process(es) may also influence Mg/Ca in this species.

This study also provides an updated I-CDES version of the previously published planktonic and

benthic foraminiferal A47 calibration of Peral et al. (2018), covering a range of temperature from

—2t025.4 °C.
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Species list: ® G. bulloides O G. ruber Tl N. pachyderma s. V G. truncatulinoides s.
& G.menardi /\G. inflata M N. pachyderma d. w G. truncatulinoides d.

Figure 1. Comparison of our recalculated foraminiferal A47 values with raw Mg/Ca values
(uncorrected) (a), with corrected Mg/Ca for salinity only (b), and with corrected Mg/Ca for salinity
and pH (c). The Mg/Ca values are corrected using the equations from Gray and Evans (2019), the
salinity and pH from the atlas and the oxygen isotopic temperatures. The red dotted logarithmic
regressions are plotted for all the plots, including G. bulloides and the black regressions are without

G. bulloides. All the uncertainties are at 2SE.
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temperatures using the corrected Mg/Ca mono-species calibrations for salinity and pH compared to
the A47-derived temperatures using the recalculated Peral et al. (2018) calibration (b). The dotted
linear regression, excluding O. universa and G. bulloides, is plotted. A line 1:1 is plotted in black;

uncertainties are at 2 SE.
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Li H, Renssen H, Roche D M. Comparison of the green-to-desert Sahara transitions between the
Holocene and the last interglacial [J]. Climate of the Past, 2022, 18, 2303-2319.

https://doi.ore/10.5194/cp-18-2303-2022
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TN, T R — 28 R S A SRR N, IR 1 338K 7 FIABL A 78 o iR K . AT 5
FEPIAN KA B ST B, AR B4 IE S AR 9, (HE T LIG (0] 32 2= H B AR AL SR,
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ABSTRACT: The desertification and vegetation feedbacks of the “green Sahara” during the last
interglacial (LIG) and the Holocene have been investigated by many studies. Yet the abruptness of

climate and vegetation changes and their interactions are still under discussion. In this study, we
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apply an Earth system model of intermediate complexity (iILOVECLIM) in combination with two
dynamical vegetation models (VECODE and LPJ-GUESS) to simulate climate—vegetation changes
during the Holocene and the LIG to compare the patterns of North African vegetation evolutions
and mechanisms of their feedbacks during these two interglacials. Our results confirmed the
existence of the green Sahara during the early LIG, which is as an analogue to the green Sahara
during the Holocene. During both interglacials, an overall consistent transition from vegetated
Sahara to desert is shown in our results, but the amplitudes of these transitions vary. These simulated
Sahara vegetation transitions are nearly linearly related to the summer insolation declines at 20°N,
resulting in faster declines of vegetation cover during the LIG than in the Holocene. The decline of
vegetation cover peaks at 25% kyr ' at around 122 ka, while during the Holocene the steepest
vegetation cover decline is 10% kyr ' at around 6 ka. Our results suggest net positive vegetation
feedbacks to climate during the two interglacials. During the early LIG and Holocene, vegetation
strengthens precipitation by a factor of 2 to 3 through the vegetation—albedo feedback when the
vegetation cover is greater than 60%. Vegetation cover decreases with declines of the incoming
moisture transport by the atmosphere due to the reduced summer insolation at 20> N, weakening the
summer monsoon during both interglacials. This desertification is accelerated when the positive
vegetation—albedo feedback cannot offset the reduction of precipitation due to a weaker summer
monsoon. The impacts of this positive vegetation feedback on precipitation decrease with decreased
vegetation cover, during which the impacts of negative vegetation—evaporation feedbacks increase,
accelerating the loss of soil moisture and vegetation cover. Overall, the net positive vegetation
feedback is strong during the early phases of both interglacials, but the vegetation transition is more
abrupt during the LIG than during the Holocene due to the more rapid changes in summer insolation
during the LIG. The main difference between the two interglacials is the rate of precipitation change,
which is relatively gradual during the Holocene, leading to a more gradual vegetation transition in

comparison to the LIG.
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Figure 1. Evolution of 20°N July insolation, North African precipitation, surface temperature, and
values of evaporation minus precipitation during the LIG (a, b, ¢, d) and Holocene (e, f, g, h). Our
target area is delimited by 10°W to 35°E and 15 to 30°N. The blue lines and red lines are simulated
results from transient experiments with dynamical vegetation and fixed pre-industrial vegetation,
respectively. The green dots with error bars are simulated results from experiments with

asynchronously coupled “dynamical” vegetation.
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Yang T, Dekkers M, Zhao X, et al, Greigite formation modulated by turbidites and bioturbation in
deep-sea sediments offshore Sumatra [J]. Journal of Geophysical Research: Solid Earth, 2022,
e2022JB024734.

https://doi.org/10.1029/2022JB024734
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ABSTRACT: Authigenic greigite may form at any time within a sediment during diagenesis. Its
formation pathway, timing of formation, and geological preservation potential are key to resolving
the fidelity of (paleo-)magnetic signals in greigite-bearing sediments. In the cored sequence of the
International Ocean Discovery Program Expedition 362 (Sumatra Subduction Margin), multiple
organic-rich mudstone horizons have high magnetic susceptibilities. The high-susceptibility

horizons occur immediately below the most bioturbated intervals at the top of muddy turbidite beds.
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Combined mineral magnetic, microscopic, and chemical analyses on both thin sections and
magnetic mineral extracts of sediments from a typical interval (~1103.80-1108.80 meters below
seafloor) reveal the presence of coarse-grained greigite aggregates (particles up to 50-75 pm in size).
The greigite formed under non-steady-state conditions caused by the successive turbidites. Organic
matter, iron (oxy)(hydr)oxides, Fe**, and sulfides and/or sulfate were enriched in these intensively
bioturbated horizons. This facilitated greigite formation and preservation within a closed diagenetic
system created by the ensuing turbidite pulse, where pyritization was arrested due to insufficient
sulfate supply relative to Fe (oxy)(hydr)oxide. This may represent a novel greigite formation
pathway under conditions modulated by turbidites and bioturbation. Paleomagnetic analyses
indicate that the early diagenetic greigite preserves primary (quasi-)syn-sedimentary magnetic
records. The extremely high greigite content (0.06—1.30 wt% with an average of 0.50 wt% estimated
from their saturation magnetization) implies that the bioturbated turbiditic deposits are an important
sink for iron and sulfur. Mineral magnetic methods, thus, may offer a window to better understand

the marine Fe-S-C cycle.
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Figure 1. (a) Map of the north Sumatran subduction zone showing the location of drill sites U1480

and U1481 of IODP Expedition 362 (red dots), and the epicenter of the 2004 Mw 9.2 Sumatra -

Andaman earthquake (focal mechanism symbol). Red arrow with number is a convergence vector

(mm/year). NER, Ninety East Ridge. (b) Interpreted seismic profile BGR06-102 (indicated on

Figure 1a) showing North Sumatran subduction input (i.e., Nicobar Fan sediments), with drill site

U1480. (c) Lithostratigraphic units and subunits defined in Site U1480, mbsf = meters below sea
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floor. (d) Downhole mass-specific magnetic susceptibility (y) measured on discrete samples and
magnetic susceptibility (SHMSL «) measured with the SHMSL instrument on archive-half sections

for Site U1480. A closeup view of the ~1103.8-1108.8 mbsf interval (Core 38R) is shown in Figure

2c.
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Figure 2. Conceptual model for the greigite-rich layers formation and preservation modulated by
turbidites and bioturbation. (a) Under steady-state conditions in anoxic sediment, reductive
dissolution of detrital iron (oxy)(hydr)oxide minerals releases dissolved Fe?" into pore waters, where
it reacts readily with upward diffusing hydrogen sulfide (HS™) produced by organoclastic sulfate
(SO4*" ) reduction (OSR). This leads to iron monosulfide (FeS) precipitation, which subsequently
reacts with sulfur (So) produced by direct reactions of iron oxides with HS™ to yield pyrite (FeS.)
with intermediate greigite (Fes3Ss). Transformation of ferrimagnetic/antiferromagnetic iron
(oxy)(hydr)oxides into paramagnetic pyrite results in a magnetic susceptibility decrease. (b)
Deposition of organic-rich turbidites disrupts steady-state conditions. Intensive bioturbation causes
downward transport of previously buried organic matter, iron (oxy)(hydr)oxides, and SO4*.
Upward diffusion of HS™ and Fe?" in pore waters also occurs. Once in contact with O, at/near the
sediment-water interface, they are (partially) reoxidized with formation of additional iron
(oxy)(hydr)oxides and SO4>~ respectively. These lead to enrichment of organic matter and iron
(oxy)(hydr)oxides, Fe**, and HS™ and/or SO*" at the top of the turbidite bed. (c) The ensuing mud-
rich turbidite pulse 4 Accepted Article quickly buried the previous turbidite bed and creates closed

system conditions. Rapid pore water SO*~ consumption via microbially mediated OSR leads to pore
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water SO?~ depletion 44 and production of dissolved HS™. Due to the relatively abundant reactants,
plentiful Fe?* and HS™ can be supplied to favor iron monosulfide (FeS) formation. Once supply of
Fe** exceeds HS™, the pyritization process is arrested and intermediate greigite is preserved. With
successive turbidite pulses, multiple greigite-rich layers form in intensely bioturbated horizons at

the tops of turbidite beds, resulting in multiple sedimentary magnetic susceptibility spikes (d).
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Scoto F., Sadatzki H., Maffezzoli N O., et al. Sea ice fluctuations in the Baffin Bay and the
Labrador Sea during glacial abrupt climate changes [J]. PNAS, 2022.

https://doi.org/10.1073/pnas.2203468119
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ABSTRACT: Sea ice decline in the North Atlantic and Nordic Seas has been proposed to contribute
to the repeated abrupt atmospheric warmings recorded in Greenland ice cores during the last glacial
period, known as Dansgaard-Oeschger (D-O) events. However, the understanding of how sea ice
changes were coupled with abrupt climate changes during D-O events has remained incomplete due
to a lack of suitable high-resolution sea ice proxy records from northwestern North Atlantic regions.
Here, we present a subdecadal-scale bromine enrichment (Brenr) record from the NEEM ice core
(Northwest Greenland) and sediment core biomarker records to reconstruct the variability of
seasonal sea ice in the Baftin Bay and Labrador Sea over a suite of D-O events between 34 and 42

ka. Our results reveal repeated shifts between stable, multiyear sea ice (MY SI) conditions during
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cold stadials and unstable, seasonal sea ice conditions during warmer interstadials. The shift from
stadial to interstadial sea ice conditions occurred rapidly and synchronously with the atmospheric
warming over Greenland, while the amplitude of high-frequency sea ice fluctuations increased
through interstadials. Our findings suggest that the rapid replacement of widespread MYSI with
seasonal sea ice amplified the abrupt climate warming over the course of D-O events and highlight
the role of feedbacks associated with late-interstadial seasonal sea ice expansion in driving the North

Atlantic ocean—climate system back to stadial conditions.
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Figure 1. NEEM stable oxygen isotopes and bromine enrichment variability across D-O 7-10. (A)
Black segments indicate the estimated structural changes in the 5'30 series; (B) NEEM Bre, data
plotted on a log2 scale with blown-up views centered on each stadial/interstadial transition plotted
on a normal scale; (C) smoothed squared deviations from the mean of Brey series. The black vertical
dashed lines indicate the onset of each D-O event using NEEM §'%0 data (SI Appendix, Materials
and Methods for more details) while the red vertical dashed lines indicate the maxima of the
smoothed squared deviations from the mean of Bren. The chronology is the GICCO5modelext-

NEEM-1 timescale.
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Figure 2. Sea ice reconstruction of Baftin Bay during D-O cycles 7-10. Looking at NEEM Brenr
profile (red curve) between, three distinct stages (A, B, C) can be identified for each D-O cycle: (A)
During GS, a widespread perennial or MYSI cover spreads over Arctic Ocean and in the oceanic
regions surrounding Greenland including the Baftin Bay and the Labrador Sea. (B) Synchronously
or within a decade from the GI onset, the perennial sea ice edge in the Baffin Bay gradually retreats
and it is partially substituted by seasonal sea ice conditions. (C) During the mid-to-late phase of the
GI (~0.1-0.6 ka after the onset), highest Bre. values suggest both a significant retreat of the
perennial sea ice edge and/or, more likely, a major FYSI expansion southward into the western
North Atlantic. In the latter scenario, the increased ice-albedo feedbacks and the enhanced sea ice

export in the Labrador Sea (generating a weakening of the AMOC) culminated at or near the onset
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ABSTRACT: Western boundary currents (WBCs) of the Southern Hemisphere transport heat
poleward and are regions of rapid ocean warming. However, the mechanisms responsible for the
enhanced warming over the Southern Hemisphere WBC extensions are still debated. Here we show
that enhanced eddy generation in the WBC extensions through changes in barotropic and baroclinic
instabilities results in enhanced ocean warming as the eddies propagate. This results from a
poleward shift of the WBCs, associated with changes in the mid-latitude easterly winds.
Consequently, the WBCs have penetrated poleward but not strengthened and are now transporting
more heat into their extensions. Our study clearly elucidates the dynamic processes driving
increased eddying and warming in the Southern Hemisphere WBC extensions and has implications
for understanding and predicting ocean warming, marine heatwaves and the impact on the marine

ecosystem in the WBC extensions under climate change.
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Figure 1. lustration and trends of subtropical ocean gyres in the SH. a, Monthly mean SSH contours
represent the boundaries of subtropical gyres from AVISO (1993-2020). The orange lines in the Indian
Ocean and the grey lines in the Pacific Ocean indicate the 0.9 m contours. The blue lines in the Atlantic
Ocean indicate the 0.6 m contours. The orange, grey and blue boxes indicate the southern boundaries of
subtropical gyres in each ocean basin. b, Monthly latitudinal variations of the southern boundaries of
subtropical gyres. ¢, Monthly mean SSH contours represent the AC. The orange box indicates the AC

separation region. d,e, Same as c but for the EAC (d) and BC (e) separation regions. f, Time series of
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zonal mean latitudes over the AC separation region. The dashed line indicates the linear trend. g,h, Same

as f but for the EAC (g) and BC (h) separation regions.
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Figure 2. Large-scale wind pattern and trends associated with SAM. a, Large-scale climatological mean
winds from ERAS. The shading shows wind stress curl. The grey vectors indicate the wind stress, with
solid (dashed) black contours representing the westerly (easterly) winds and the solid red line denotes
the zero wind stress. b, Zonal mean ocean surface winds at 10 m (U10) over the SH. The purple line,
green line and blue line indicate the zonal mean climatological wind stress curl, U10 and the trends of

zonal mean U10, respectively. Thick blue line and blue shading indicate the trends of zonal mean U10
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that are statistically significant above the 95% confidence level and the corresponding standard errors. c,
Time series of zonal mean latitudes of the zero wind stress (solid orange line) and SAM index (solid blue
line). The dashed orange line and blue line indicate the linear trends of zonal mean latitudes of zero wind

stress and SAM index, respectively.
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