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Abstract: The high rate of biological productivity in the North Atlantic is stimulated by the
advective supply of nutrients into the region via the Gulf Stream (nutrient stream). It has been
proposed that the projected future decline in the Atlantic Meridional Overturning Circulation
(AMOC) will cause a reduction in nutrient supply and resulting productivity. Here we examine
how the nutrient stream changed over the Younger Dryas climate reversal that marked the
transition out of the last ice age. Gulf Stream nutrient content decreased, and oxygen content
increased at the Florida Straits during this time of weakened AMOC. The decreased nutrient
stream was accompanied by a reduction in biological productivity at higher latitudes in the North
Atlantic, supporting the link postulated in theoretical and modelling studies.

One-Sentence Summary: Paleoceanographic data supports hypothesis linking delivery of
nutrients by Gulf Stream to high latitude productivity.
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Main Text:

The Gulf Stream and North Atlantic Drift serve as a northward flowing conduit of nutrient-rich
intermediate waters (/, 2). In the subpolar North Atlantic the density surfaces bearing these
nutrients shoal and the nutrients are incorporated into the deep winter mixed layer (3). During
the spring bloom these nutrients drive primary productivity in the sunlit surface ocean. The high
nutrient waters of the Gulf Stream have been termed the “nutrient stream” and this advective
pathway is thought to be the dominant source of nutrients supporting phytoplankton productivity
in the subpolar North Atlantic (4, 5). The Gulf Stream originates in the Florida Straits and as it
moves northward along the western boundary of the subtropical gyre, both the mass and nutrient
transport of the current is augmented by recirculating water within the North Atlantic basin.
However, the ultimate source of the nutrients to the incipient Gulf Stream in the Florida Straits is
the import of high nutrient intermediate-depth waters from the tropics, which are replenished by
the high-nutrient Southern Hemisphere intermediate and mode waters as part of the upper
(northward) limb of the Atlantic Meridional Overturning Circulation (AMOC) (2, 6). In addition
to supplying the nutrient stream, the Southern Hemisphere intermediate and mode waters supply
the nutrients that drive much of the primary production at low and mid latitudes (7, 8).

The AMOC is projected to weaken over the coming century with the increase in anthropogenic
greenhouse gasses (9). Consequently, the nutrient stream is projected to weaken, leading to basin
scale changes in biogeochemistry and decreased primary production. Declines in primary
production would impact the important North Atlantic fisheries, and may also impact the uptake
of anthropogenic CO,. While a future decline in North Atlantic export production under future
warming scenarios has long been projected (/0), it has only more recently been recognized that
the decline in the nutrient stream is the dominant mechanism driving this change (/7). Whitt (5)
found that, when driven with the high emissions RCP8.5 scenario, the Community Earth System
Model (CESM) shows a 35% decline in Gulf Stream nitrate transport at 30°N in 2080 in
response to a 39% decline in AMOC and find that the decreased nutrient stream is the primary
driver of the associated decline in North Atlantic export productivity. Tagklis et al. (/2) showed
that the weakening of AMOC over the next century in the multi-model mean of seven CMIP5
models results in reduced upper-ocean phosphate concentration, upper-ocean apparent oxygen
utilization, and primary productivity in the North Atlantic, and they attribute these changes to the
decreased nutrient stream. Using biogeochemical data from an ice core, Osman et al. (/3)
reconstructed a decline in North Atlantic primary productivity over the industrial era, which they
attributed to a weakening AMOC. There are multiple lines of evidence that the AMOC
weakened during the Younger Dryas cold interval that punctuated the transition out of the last
ice age (/4). In this paper we assess the link between the AMOC and nutrient stream for the
Younger Dryas event through the reconstruction of nutrient and oxygen concentrations in the
deepest waters of the Florida Straits and explore the consequences for North Atlantic
productivity. While the details of the background climate state and time scale of change differ
from the present day, this past climate event provides an opportunity to test the mechanisms that
have been identified in the climate models.

Reconstruction of Seawater Biogeochemistry in the Florida Straits
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Sediment core KNR166-2-26JPC was recovered from 24°19.61°N, 83°15.14’W in the Florida
Straits at 546 m water depth. Due to the high sedimentation rates, this core provides exceptional
time resolution over the Younger Dryas climate reversal. The coring site along the Florida
margin is currently bathed by Antarctic Intermediate Water (AAIW) (potential density = 27.3 kg
m™), which at this location is characterized by high nutrient and low oxygen concentrations and
supplies new nutrients to the North Atlantic (2, 6) (Fig. 1). In this paper we reconstruct seawater
dissolved oxygen concentration at this location using carbon isotope measurements in paired
epifaunal and deep infaunal benthic foraminifera, following an approach pioneered by McCorkle
and Emerson (15, 16). Planulina ariminensis occupies a habitat on top of the sediments and
records seawater 8'3C values, and Globobulimina has a habitat deep within the sediments where
the dissolved carbon has much lower 8'3C values and oxygen is reduced to near zero values from
the respiration of organic matter within the sediments. The difference between the §!°C values in
the tests of these two benthic foraminifera is used to quantitatively reconstruct past oxygen
concentrations (/7). We also present abundance data for three thermocline dwelling species of
planktonic foraminifera which are currently abundant in areas with subsurface low oxygen
layers, Globorotalia menardii, Globorotalia tumida, and Pullentina obliquiloculata (18). At this
location, we have previously published Cd/Ca measurements in benthic foraminifera which were
used to reconstruct changes in seawater Cdyw, which mimics the distribution of the major nutrient
POy in the ocean (/9). We have also published benthic foraminiferal Mg/Li (20) to reconstruct
temperature at this site over the deglaciation. We also use a previously published age model for
this core (27). We estimate past PO4 concentrations, using the Cdy reconstructions, and Apparent
Oxygen Utilization (AOU), a measure of oxygen consumption in the subsurface ocean that is
determined from the difference between in-situ and saturation oxygen concentration, using the
quantitative temperature and oxygen reconstructions. We then use the PO4 and AOU to estimate
separately changes in the PO4 concentration inherited from the source regions (preformed POs,
Pyre) and the POy that has been contributed to the subsurface from the remineralization of organic
matter. Because intermediate waters leave the surface slightly undersaturated in oxygen, AOU
overestimates true subsurface oxygen utilization, and Py can be underestimated by up to 0.2
uM, depending on the climate state. Detailed methods can be found in the Supplementary
Information.

Weakened Florida Straits Nutrient Stream during the Younger Dryas

While the intermediate waters that supply the nutrient stream have high PO4 and oxygen
concentrations (high Ppre, low AOU) when they leave the surface in the Southern Hemisphere,
these properties change as the waters transit northward through the tropics. Export productivity
from overlying surface waters adds PO4 and consumes O> via the oxidation and remineralization
of sinking organic matter. Since the productivity is itself fed by a continuous supply of
preformed nutrients, the accumulation of remineralized PO4 and depletion of oxygen both
depend on the northward flow of nutrient-charged intermediate waters (22). As the AMOC
weakened during the Younger Dryas (/4), this contribution of nutrient-rich, low oxygen
intermediate water from the south would have diminished, replaced by lower PO4 and higher
oxygen intermediate waters formed locally in the North Atlantic. We therefore would expect an
increase in the oxygen concentrations in the deep Florida Straits. Indeed, we reconstruct high
oxygen values during the Younger Dryas from the dual carbon isotope approach, and increased
oxygenation of the waters in the Florida Straits is also supported by the disappearance of the
planktonic foraminifera G. menardii, G. tumida, and P. obliquiloculata (Fig. 2). The small
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warming of the waters transiting the site of about 2°C during the Younger Dryas interval (20)
would imply a decrease in oxygen concentration at saturation with the atmosphere, and the
decrease in AOU is consequently slightly larger than the increase in oxygen. This is, again, what
is expected if the oxygen increase is driven by the diminished contribution of the high AOU
intermediate waters from the tropics.

A more direct measure of the nutrient stream comes from estimates of the concentration of the
major nutrient POy in the deep Florida Straits (Fig. 3). This estimate is based on the Cd/Ca in H.
elegans, a different species of benthic foraminifera than was used to reconstruct oxygen via the
carbon isotope measurements. The POj at this site reflects contributions of intermediate waters
formed in both hemispheres, including the regenerated PO, from the remineralization of organic
matter in the tropics. We find a strong Younger Dryas decrease in PO4 and, given that the
intermediate water Northern and Southern end member values did not change by much over this
time period (Fig. S2b), the lower POy in the Florida Straits is consistent with the weakened
AMOC. To probe this further, we use the AOU to separate the PO4 concentration into its
preformed (Ppre) and regenerated (PO4 — Ppre) components. The POs4 reduction primarily reflects a
small decrease in Ppyre, and a much larger decrease in the regenerated POs, as inferred from the
large AOU decrease (Fig. 3). Today the intermediate waters formed in the Southern Hemisphere
have a higher P than those that form in the North Atlantic, so a lower Py is expected during a
time of weakened AMOC when a larger proportion of Northern Hemisphere sourced
intermediate waters would have bathed the site. Similarly, with a weakened AMOC we expect a
lesser contribution of intermediate waters that have transited through the tropics, where they gain
a high regenerated PO4 content. There may have also been a positive feedback whereby the
reduced northward transport of nutrients led to less productivity and remineralization in the
tropics. The reduction of both pre-formed and regenerated PO4 throughout the intermediate-
depth North Atlantic, coupled with a decreased contribution of intermediate waters from the
Southern Hemisphere, is also inferred for the Last Glacial Maximum, based on an inversion of
the spatially more extensive data-set for that time period (23).

Biogeochemical Consequences of a Weakened vs. Collapsed AMOC

While it has been established that the surface branch of the AMOC replenishes the modern
nutrient stream, and that a future century-scale weakening of the AMOC will result in a weaker
nutrient stream and lower North Atlantic productivity, it is not immediately apparent that these
concepts and expectations translate directly to the Younger Dryas, a millennial scale event that
occurred on the deglaciation. Schmittner (24) simulated a millennial scale AMOC collapse and
recovery using freshwater forcing in an intermediate complexity model. While a productivity
decline is observed, the mechanism behind this decline under a collapsed AMOC differs from
the simulations for a future weakening of the AMOC. The decline in productivity in this case is
attributed to strong near-surface density stratification, and the intermediate water nutrient content
in the upper 1 km of the North Atlantic is higher over the duration of the shutdown rather than
lower as in the future scenarios. Another set of equilibrium experiments under Last Glacial
Maximum boundary conditions in a different intermediate complexity model confirmed this
behavior for a simulation where the large scale AMOC is completely collapsed due to strong
freshwater forcing (25). However, when AMOC is weakened, but not shut down completely, the
POy in the upper 2 km of the North Atlantic is lower than the control state, consistent with the
pattern seen for the future transient (/2) and in our reconstruction for the Younger Dryas. The
transient response of a long paleoclimate simulation using CESM1 (26) can be used to explore
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the relationship between AMOC, biogeochemical properties in the upper North Atlantic, and
productivity. In this simulation, as the AMOC and nutrient stream weaken, the nutrient content
of the upper North Atlantic and primary productivity both decline (Fig. S2a). However, when the
AMOC is almost absent, a state with low productivity and high open ocean North Atlantic
intermediate water nutrient content is seen, as in the AMOC collapse scenarios of the
intermediate complexity models. The intermediate water Cdy records in the Florida Straits and in
the open ocean North Atlantic converge at low values during the Younger Dryas, consistent with
what the model shows for a very weak AMOC and diminished nutrient stream, but not a fresh-
water induced collapse (Fig. S2b).

Impact of Weakened Younger Dryas Nutrient Stream on North Atlantic Productivity

Finally, we examine paleoclimate records that have been interpreted as indicators of export
productivity. These include records of fluxes of organic components to the sediments as well as
microfossil assemblages associated with different productivity regimes. Most of the records that
resolve the Younger Dryas climate oscillation show decreased productivity relative to the
millennia immediately before and after the event (Fig. 4, Table S1). While changes in oceanic
conditions influencing productivity over the Younger Dryas may have influenced each site
differently, the overall reduction of productivity in the region is consistent with the diminished
supply of nutrients. This provides observational support of the causal chain inferred from global
climate model simulations, that AMOC weakening leads to reduced advective supply of nutrients
and declining North Atlantic primary productivity. We also highlight that while North Atlantic
primary productivity is expected to decline in the case of either a weakening or collapse in the
AMOC, the sign of biogeochemical changes in the intermediate waters of the open ocean North
Atlantic will be different. The data for the Younger Dryas are consistent with a weakened rather
than a collapsed AMOC. While most climate models suggest a weakening of the AMOC over the
coming century, a collapse has not been ruled out (27, 28), and it worth noting the non-linear
response of some biogeochemical impacts between these two scenarios.
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Fig. 1. The nutrient stream in the Florida Straits. The WOCE AS5 section across the Florida
Current at 26°N from Florida (left) to the Bahamas (right), just downstream of the location of
sediment core KNR166-2-26JPC is shown (29, 30). a) Potential density (c0) kg m=, b) PO4
(umol kg™, ¢) AOU (umol kg™'). The depth of core KNR166-2-26JPC on the Florida Margin is
indicated with a magenta circle for all three panels.
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Fig. 2. History of oxygenation in the Florida Straits. The average carbon isotopic
composition of tests of the foraminifera P. ariminensis (yellow) and Globulimina (orange) from
KNR166-2-26JPC, and the difference in these values converted to oxygen (blue). The 1-sigma
calibration error for the oxygen proxy is indicated in blue. The solid line is a loess smooth
through the data. Also shown in green are the proportion of planktonic foraminiferal specimens
that are associated with low-oxygen values in the subsurface. The grey bar indicates the Younger
Dryas time period.
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Fig. 3. Florida Straits circulation and biogeochemistry over the deglaciation. a) The ice-
volume-corrected oxygen isotope ratio of benthic foraminifera on the Florida Margin at
KNR166-2-26PC, which reflects changes in the density contrast across the Florida Straits and the
strength of the upper branch of the Atlantic meridional overturning circulation (AMOC) (14, 26,
31).b) T estimate from Li/Mg (20) ¢) Smoothed reconstructed oxygen time series as in Figure 3
(solid line), and the Apparent Oxygen Utilization (AOU) based on Li/Mg T reconstruction
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(dashed line). d) PO4 estimated from Cd/Ca ratio (/9), and preformed PO4 estimated using AOU.
The grey bar indicates the Younger Dryas time period.

Fig. 4. Younger Dryas productivity anomaly. Circles are sediment core locations where
reconstructed productivity is clearly lower than time periods before and after the Younger Dryas
(blue), higher than the time periods before or after (orange) or where there is no clear anomaly
relative to the time before and after (grey) (Table S1). The background is anomaly in the flux of
particulate organic carbon (mol m yr'!') between a time in the C-iTRACE simulation (26) with a
weak AMOC (17.5ka) and a strong AMOC (19.5 ka).
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Materials and Methods

Previously Published Age Model and Measurements

We use the age model published by Waelbroeck et al. 2019 (27) for JPC26. Stable isotope
measurements on Planulina ariminensis were published in Lynch-Stieglitz et al. 2014 (3/) and
Lynch-Stieglitz et al. 2019 (32). Cd/Ca and Mg/Li measurements on Hoeglundina elegans are
published in Valley et al. 2017 (/9) and Valley et al. 2019 (20). The calculation of bottom water
temperature from Mg/Li and seawater Cd (Cdyw) from Cd/Ca is described in these publications.

Globobulimina Stable Isotope Measurements

The sediment core KNR166-2-26JPC was sampled at 2 cm intervals. Specimens of
Globobulimina were picked from the >250 um sieve size fraction. Where available, 5 specimens
were analyzed for each sample depth (average number of specimens analyzed per depth was 2.5).
Analyzed individuals had a median mass of 43 pg (range 20-219 ug, 96% < 100 pg). Each
specimen was photographed before analysis (Figure S3) and analyzed individually using a
Thermo Kiel IV carbonate preparation device coupled to a MAT253 and calibrated using NBS-
19 and NBS-18. The standard deviation (1 sigma) of replicate analyses of an in-house carbonate
standard in the 20-100 pg size range analyzed at the same time as the samples was .06 for 5'*0
and .03 for !°C. Measurements with oxygen isotope values that were greater than 2 s.d. away
from a robust Loess smoothed version of the record were flagged (4% of the data) and not
included in the 8'3C averages calculated for each depth (Figure S4)

Determination of Biogeochemical Variables from Proxy Measurements

POy
PO4 was estimated from Cdyw using the relationship described in in Elderfield and Rickaby
(33) with alpha = 2.5 for the Atlantic Ocean (34).

0:

In situ oxygen concentration is calculated from the difference between the 8'3C of
Globobulimina and P. ariminensis using the relation in Hoogakker et al. (/7). While this relation
was developed using C. wuellerstorfi, in this region C. wuellerstorfi are not found at the shallow
water depths of this core site, but P. ariminensis, another elevated epibenthic species (33) is
abundant and reliably records the 8'3C of seawater (36). Where P. ariminensis 8'3C was not
available at the same depth as the Globobulimina &'3C data, the average 8'°C of P. ariminensis
from the two depths above and below the sample depth was used. This proxy for past oxygen
concentration is based on the assumption that Globobulimina records the 8'3C at the depth in the
sediments where pore water oxygen goes to zero, that P. ariminensis records bottom water 3'°C,
and that the pore water 8'*C differs from surface water due to the remineralization of organic
matter using oxygen supplied by diffusion from above. There is evidence that these assumptions
can be violated to some extent in some locations, with observations of deeper depth habitats for
Globobulimina and evidence for sulfate reduction contributing to the low pore water §'*C, and
locations where the proxy doesn’t seem to give reasonable values (37-40). Despite these
complications, 8'3C difference between these species at an increasing number of locations is well
correlated to overlying oxygen concentration. At our core site, the reconstructed Holocene
values are similar to the modern measurements (150 uM) near this site. The oxygen



reconstruction matches well with the completely independent Cd-based PO4 reconstruction, also
giving us confidence in the application of the proxy at this site.

AOU

Apparent Oxygen Utilization (AOU) is defined to be the difference between O2
concentration at saturation and the in-situ oxygen concentration. Oxygen at saturation (TEOS-
10) is calculated using the Mg/Li derived temperature. Where Mg/Li temperature is not
available at the same sample depth as Globobulimina, the average Mg/Li T value for the depths
above and below is used. While the oxygen saturation changes are dominated by temperature,
we adjust the modern salinity value by scaling the glacial-interglacial difference for the North
Atlantic measured at Feni Drift of 1.115 (47) to global ice volume changes with time (42). While
we do not adjust for any local changes in salinity, a 1 psu difference in salinity corresponds to
only a 2 umol kg'! difference in oxygen saturation. Note that AOU may not be the same as the
True Oxygen Utilization (TOU), if the seawater water was not saturated with respect to oxygen
when it left the surface. Intermediate waters in today’s North Atlantic are estimated to leave the
surface with an undersaturation of up to 15-20 uM (43), and as a result AOU overestimates TOU
by a similar amount. The initial disequilibrium in intermediate waters in the North Atlantic may
increase to up to 35 uM for cold climates (44).

P04pre

For the depths where both AOU and Cd-based PO4 estimates are available, preformed PO4
is calculated using AOU: POupre = PO4 — (1/170)*AOU, where 1:170 is the average P:-O> ratio of
remineralized carbon (45). When preformed POy is calculated using AOU, the true preformed
PO4 will be underestimated by a proportionate amount, (AOU-TOU)/170. If the disequilibrium
for the deglaciation was in the range of 15-35 uM, this would correspond to an underestimate of
true POupre by .1-.2 uM. If the degree of disequilibrium changed over the Younger Dryas climate
oscillation, this could change the partitioning of the remineralized and preformed changes by a
similar amount. The value of P:-O; ratio 1:170 from Anderson and Sarmiento (45) is widely used
in models and data studies, and matches the values for the intermediate Atlantic in more recent
studies (46). However, these more recent studies suggest a global average ratio of about 1:150.
Using this value would reduce Py for the portion of our record with highest AOU values by
about .1 uM, and the qualitative inferences we draw here would not change.

Planktonic Species Counts

Samples were selected for counting to be approximately 300 years apart based on the age
model. We isolated portions of each sample from greater than 150 micrometers sieve fraction.
We split the samples, and examined a portion which contained a minimum of 300 total
planktonic foraminifera. The total number of planktonic foraminifera, Globorotalia menardii and
Globorotalia tumida (G. menardii complex) and Pullentinia obliquiloculata were counted.
Lastly, prior to this work with the core we had removed Globogerinoides ruber from the samples
for isotopic analysis and counts of total foraminifera were adjusted to reflect this.

N. Atlantic Productivity Compilation

We examined each productivity record that had at least one Younger Dryas aged data point
to see if the Younger Dryas productivity was consistently lower or higher than for the data points
immediately before and after the Younger Dryas (Table S1). If there was no difference or there




was a change across the Younger Dryas (e.g. Younger Dryas productivity was higher than before
the Younger Dryas and lower than after the Younger Dryas), the Younger Dryas productivity
anomaly was marked “unclear”. Interpretations of productivity proxies and identification of the
Younger Dryas interval were taken as written from the original papers.
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Properties along the 27.3 isopycnal from modern climatology (30, 47, 48). a) Oxygen
(umol kg") b) AOU (umol kg'), ¢) POs (umol kg!), d) Preformed PO4 (umol kg').
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Fig. S2. AMOC strength and regional nutrient patterns. (a) Time series of AMOC, North
Atlantic productivity (averaged over domain shown in Figure 4), and biogeochemical properties
from the C-iTRACE simulations between 20 and 15ka (26). Properties are shown at core sites
where nutrient reconstructions are available over the Younger Dryas Py is calculated using
AOU, in the same way as for the proxy reconstructions. In the model, a weaker AMOC (“weak”)
is accompanied by lower POs, Ppre, AOU, and higher O, at the Florida Straits (dark blue) than for
the time when AMOC is strong (“strong”). However, for the open ocean N. Atlantic
intermediate water sites (green and light blue), when the AMOC collapses (“off”), nutrient
concentrations and AOU increase to levels higher than seen in the intermediate waters in the
Florida Straits. (b) Reconstructions of seawater Cdy, a proxy for PO4 over the Younger Dryas.
Intermediate water Cdy remain high in the South Atlantic, and low in the North Atlantic over the
entire time period. Florida Straits values converge towards N. Atlantic values during the
Younger Dryas as is seen during times of moderate AMOC weakening in the model (“weak”).
Locations, depths, and modern density for the core sites shown are in Table S2.



Fig. S3. Example specimens of benthic foraminifera. Globobulimina from KNR166-2-26JPC,
depth in core and mass of test indicated for each: a) 206 cm 36 pg b) 206 cm 44 pg, c) 404 cm
44 ng d) 404 cm 89 g, e) 686 cm 25 ug, ) 686 cm 25 pg
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Core Younger

Latitude Longitude Dryas Productivity Reference
(°N) (°E) Productivity Proxy

GeoB5546-2 27.5 -13.7 low organic carbon (49)
DS97-2P 58.9 -30.4 low foram accum rates (50)
ENAM33 61.3 -11.1 low foram accum rates (50)
BOFS 5K 50.7 -21.9 low benthic foram assemblage (57)
SO75-26KL 38.8 -9.5 low organic carbon (52)
U1385 37.6 -10.1 low nannofossil abundance (53)
SHAKO06-5K 37.6 -10.2 low nannofossil abundance (54)
OMEXII-9K 42.3 -10.1 low planktonic assemblage (55)
N3KF24 42.1 -12.0 low planktonic assemblage (55)
MDO03-

2697/MD99-2331 42.2 -9.7 low planktonic assemblage (5%
MD95-2040 40.6 -9.9 low planktonic assemblage (55)
MD95-2039 40.6 -10.4 low planktonic assemblage (55
M39029-7 36.1 -8.2 low planktonic assemblage (55)
BOFS 14K 58.6 -19.4 unclear benthic foraminifera (51)

C37 mass accumulation
MD952042 37.8 -10.2 unclear rate (56)
P0O200-10-26-2 41.5 -9.7 unclear organic carbon (52)
multiproxy biogenic

HU2008-029-004 61.5 -58.0 unclear ﬂuxes Yo (57)
SU92-03 43.2 -10.1 unclear planktonic assemblage (55)
OMEXII-5K 41.8 -10.0 unclear planktonic assemblage (55)
MD95-2042 37.8 -10.2 unclear planktonic assemblage (55)
BENGAL

13078#16 48.8 -16.5 unclear benthic foraminifera (38)
MDO01-2446 39.1 -12.6 high planktonic assemblage (55)
MD99-2339 35.9 -7.5 high planktonic assemblage (55)

Table S1. Productivity records shown in Fig. 4



Core Latitude  Longitude Depth Modern 6:  Reference
CN) CE) (m)

KNR159-5-

90GGC -27.4 -46.6 1108 27.3 (59, 60)

KNR166-2-26JPC 243 -82.3 546 27.3 (19)

OCE205-2-

103GGC 26.1 -78.1 965 27.6 (61)

BOFS17K 58.0 -16.5 1150 27.6 (62, 63)
Table S2. Cd Records shown in Fig. S2

Data S1. (separate file)

An excel file containing measured and derived variables. Data are also be archived at the World

Data Center for Paleoclimatology.
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