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Materials and Methods
Sample material and processing

Cores PS75/073-2, PS75/059-2, PS75/056-1, and PS75/054-1 used in this
study were recovered during RV Polarstern cruise ANT-XXVI/2 in the South Pacific
in November 2009-January 2010 (53). Bulk sediment samples from core E11-2 were
obtained from a pre-sampled archive at Lamont Doherty Earth Observatory of Co-
lumbia University. All PS75 samples were washed and size-fractionated at the Al-
fred-Wegener-Institute, Bremerhaven. All following sample processing was done at
the University of Oldenburg. Sediment samples were freeze dried and wet sieved to
obtain the >63 pm fraction. From the >125 um and >250 um fractions, fish teeth and
broken fish bones (hereafter called ‘fish debris’) and foraminifera, respectively,
were picked for Nd isotope analyses. The Nd isotope record of core PS75/056-1 is
based entirely on fish debris, whereas that of core E11-2 is based entirely on foram-
inifera. All other cores (PS75/054-1, PS75/059-2, PS75/073-2) have combined fish
debris-foraminifera enq records.

Fish debris were cleaned in multiple steps, involving ultrasonication in opti-
ma grade methanol and MilliQ water (Millipore, 18 MQ). The samples were then
treated with a 1:1 solution of H20; (30%) and MilliQ, followed by dissolution in a 1:1
mixture of HNO3z and HCl and drydown under a laminar flow hood. The samples
were finally re-dissolved in 0.5 mL of 1 N HNO3 in preparation for column chemis-
try.

Mixed species of planktic foraminifera (>250 pm fraction) from cores
PS75/054-1 and E11-2 were subjected to physical cleaning only, according to pub-
lished protocols for ‘unclean foraminifera’ [e.g, (22, 54)]. Cleaning comprised multi-
ple rinses and sonication in optima grade methanol, followed by multiple rinses in
deionized water. Following this step, foraminifera were gently crushed between
glass slides to break open the inner chamber before repeating the sonication and
rinse steps. The cleaned foraminifera fragments were examined under a microscope
to ensure that no clay fragments were left in the sample. Cleaned crushed foraminif-
era were dried and dissolved in <10% acetic acid for 5-10 min. The dissolved solu-
tion was centrifuged and the supernatant was dried down and re-dissolved in 1 N
HNOs3. Samples from cores PS75/059-2 and PS75/073-2 contained highly fragile
foraminifera tests, which were cleaned using a slightly modified cleaning and disso-
lution protocol following that published by Tachikawa et al. (54). About 30 mg of
uncrushed foraminifera were transferred to a 15 mL centrifuge tube containing 500
uL of ultrapure water, 800-1000 pL of 1 M acetic acid was added at 100-200 pL in-
crements to slowly dissolve the foraminifera. The dissolution process was stopped
before the entire sample went into solution in order to minimize the potential of at-
tacking lithogenic particles. This resulted in a residue consisting of chamber frag-
ments and lithogenic particles. The solution-particle mixture was centrifuged at
5000 rpm for 10 min, the supernatant transferred to a 1.5 mL centrifuge tube and
centrifuged again at 1000 rpm for 10 min. The final supernatant was transferred to
a clean Teflon beaker, dried and transferred to nitric form by drying in concentrated
HNO3 followed by 1 N HNOs.
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We digested the lithogenic particles in order to monitor the Nd isotope signa-
ture of these potential contaminating phases that might be attacked during dissolu-
tion of foraminiferal calcite. The particle residue was transferred to a clean Teflon
beaker and digested using HNO3, HCI and HF at 100-150°C. The final solution was
dried and transferred to nitric form by drying in 1 N HNOs3.

Column Chemistry and Isotope Measurements

In preparation for isotope measurements, Nd from all archives was isolated
and purified by two-step column chemistry following established methods (55).
Briefly, rare earth elements (REE) were separated from major cations using Ei-
chrom TRU-Spec resin (particle size 100-150 um) and Nd was purified from other
REE using Eichrom or TrisKem LN-Spec resin (particle size 50-100 pm) and 0.23-
0.25 N HCI as eluent. The Nd fraction was completely dried and treated with a 1:1
mixture of H202 (30%) and concentrated HNO3 to ensure breakdown of any organic
compounds that may have leaked during column chemistry. The samples were final-
ly brought up in 2% HNO3 for isotope analysis using a ThermoScientific Neptune
Plus multi-collector inductively coupled plasma mass-spectrometer (MC-ICP-MS) at
the University of Oldenburg.

All samples were aspirated into the MC-ICP-MS using a 100 pl nebulizer via a
Cetac Aridus II desolvating unit. Nitrogen was used in the desolvating unit in order
to stabilize the signal and minimize oxide formation. Preamplifier gains were per-
formed at the beginning of each measurement session. Nd isotope data were ac-
quired in static mode with 0.8 sec integration time over 4 blocks of 12 cycles each.
All measured 43Nd/144Nd ratios were corrected for mass bias using an exponential
law and a 146Nd/144Nd natural ratio of 0.7219 (56). In general, the international
standard JNdi-1 was analyzed every 3 samples and all reported 143Nd/144Nd ratios
were normalized to a JNdi-1 value of 0.512115 (57) using the mean 143Nd/144Nd of
the JNdi-1 measurements of each analytical session. Standards analyzed in the
course of the study were always concentration-matched with the samples. The ex-
ternal reproducibility was separately calculated for each session using the analyses
of JNdi-1 and was generally better than 0.3 enq units (20). Propagated errors are
reported from combined external reproducibility of the measuring session and indi-
vidual sample error (internal run error, 20) (Tables S1-S3). The procedural blank
was <13 pg Nd (n=22).

Age Models

The age models of our cores were established by tuning their benthic or
planktic 6180 records to those of the high-resolution core MD97-2120 from the
Chatham Rise in the Southwest Pacific (19, 20) (Fig. 1). In order to account for up-
dated 14C-calendar age calibrations (58), reservoir ages (560 * 40 years (Holocene),
1970 £ 390 years (late glacial, ~28.7 ka) (59, 60), revised age of the Kawakawa ash
(61), and additional 14C ages (60), we revised the age scale of core MD97-2120 (Ta-
ble S4, Figure S1). Age models of the investigated cores (except PS75/054-1) were
created by graphical correlation of benthic §180 (PS75/056-1, PS75/059-2, E11-2)



125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170

and planktic 6180 (PS75/073-2) to reference core MD97-2120 on its updated age
scale using the software AnalySeries 2.0.8 (62). The resulting age models of our
cores and the updated age model of reference core MD97-2120 are summarized in
Table S4 and Figure S1 and are described in detail in the following paragraphs.

The age model of core PS75/056-1 is based on the correlation of the benthic
5180 isotope record [measured on Cibicidoides kullenbergi, published in (63)] to the
benthic 8§80 of core MD97-2120 (20). The age model is based on seven age tie
points within the upper 100 cm, which corresponds to ages of <30 ka. Resulting sed-
imentation rates range from 2 to 12 cm/ka. Our age model is in good agreement
with a published age model that is based on correlation to reference core PS75/059-
2 using benthic 6180, diatom abundances, Fe and CaCO3 contents, and summer sea
surface temperatures (64), showing differences of <1.6 ka in the deglacial part (10-
25 ka), and thus have no bearing on the interpretations of our results. Thus, age
model uncertainties alone cannot account for the difference in timing of eng change
between PS75/056-1 (at 18.8 ka) and core PS75/059-2, where eng starts to decrease
at 13.4 ka (Table S1).

The age model for core PS75/059-2 was created by correlation of benthic
6180 [measured on C. kullenbergi, published in (63)] to the benthic 6180 record of
MD97-2120 (20). This age model is based on six age tie points and results in sedi-
mentation rates of 1 to 4 cm/ka. The deglacial decrease in 6180 is in good agreement
with that of PS75/056-1. Good correlation of XRF Sr and Fe data from PS75/059-2
with those of MD97-2120 suggest that the age model is robust. Further, our age
model is in good agreement with recently published age models that are based on
XRF tuning (7) and radiocarbon dating (64) with age differences of <1.1 ka and <1.5
ka, respectively between 0-20 ka. The decrease in eng values (~13.4 ka) in our age
model happens at the same time when applying the age model of Ronge et al. (7).
The eng decrease occurs at a younger age (~12.5 ka) when the age model of Benz et
al. (64) is applied. Thus, the delay in eng decrease in core PS75/059-2 compared to
the remaining deep cores is robust and cannot be attributed to age model uncertain-
ties.

The age model of core PS75/073-2 is based on correlation of the planktic
5180 record (measured on Neogloboquadrina pachyderma sinistral (64) to planktic
5180 (Globigerina bulloides) of core MD97-2120 (19). The resulting sedimentation
rates range between 1 and 8 cm/ka. Our age model is in good agreement with a pub-
lished age model of this core that is based on radiocarbon dates (64) and with a re-
cently published age model of nearby core (PS75/072-4) that is based on radiocar-
bon ages and correlation of planktic 6180 to the EDC ice core deuterium record (65).
Further, these authors report similar sedimentations rates (~0.2 to 9.5 cm/ka) as
we observe for core PS75/073-2 for the studied interval. During the last 20 ka, dif-
ferences between the published (64) and our age model are <2.5 ka (late glacial) and
<1.4 ka (rest of the deglacial and Holocene record). Age model uncertainties are
smaller than the observed delay in eng change (PS75/59-2 and probably E11-2 com-
pared to core PS75/073-2) in our time series records, and therefore have no bearing
on the interpretation and conclusion of this study. However, age model uncertainty
may explain the delay (~1.5 ka) in the early deglacial (W1) eng change in core
PS75/073-1 compared to that of PS75/056-1.
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In order to maintain consistency, a new age model for core E11-2 was creat-
ed based on correlation of the benthic §180 record (66) to that of core MD97-2120
(20). Sedimentation rates derived from this age model range between 6 and 16
cm/ka. The age model shows good agreement with the age model of nearby core
PS75/056-1. When compared to the published age model by Ninnemann and
Charles (66), all intervals exhibit age differences of <1 ka (Figure S3A), which has no
bearing on the overall conclusions of this study.

The age model of core PS75/054-1 is based on correlation to nearby core
PS75/056-1 (see above). We used XRF core scanner records of rubidium (Rb) data
(XRF core scanner of the Alfred Wegener Institute, Bremerhaven). Rubidium is a
common element in the siliciclastic fraction of the sediment and is concentrated in
the fine-grained fraction. Similar to other lithogenic elements, Rb originates mainly
from dust input at both locations and should therefore show the same temporal var-
iations in both cores. Due to high water contents of the opal-rich glacial sediments in
core PS75/54-1, we used the XRF scans of the heavier element Rb which is less af-
fected by pore water than the commonly used Fe scans. Moreover, the Rb record is
unaffected by bottom water redox changes or other early diagenetic overprints. We
chose to correlate the Rb scan of core PS75/054-1 to that of core PS75/056-1 in-
stead of to MD97-2120 in order to account for differences in terrigenous sediment
supply to the Southeast (primarily eolian) and Southwest Pacific (primarily fluvial).
Our age model is created using six age tie points within the last 30 ka, which results
in sedimentation rates of 6 to 24 cm/ka for the last 20 ka (Figure S2). To corrobo-
rate the good correlation in the glacial to Holocene part of our core, Figure S2 shows
the alignment of XRF Rb data throughout the last 150 ka between cores PS75/056-1
and PS75/054-1 as well as the Sr XRF data of cores PS75/056-1 and PS75/054-1.
Rubidium shows a similar pattern in both cores throughout the last glacial-
interglacial cycle, and the robustness of the Rb-based alignment is confirmed by the
excellent agreement of the Sr data that largely follow carbonate fluctuations in the
two cores.

Overall, the age models for the cores (except PS75/054-1) are independently
derived, but referenced to the same age model (MD97-2120), making them internal-
ly consistent. The age models match those of previously published age models of the
same and nearby cores in the deglacial section in general within <1.6 ka [(7, 64-66),
see detailed discussion above]. Thus, the age scales provide accurate relative ages
between cores and the best achievable absolute ages.

In order to test if the observed delays in eng in cores E11-2 and PS75/059-2
compared to cores PS75/056-1 and PS75/073-2 are an artifact of age model tuning,
we created age models for cores E11-2 and PS75/059-2 by tuning their enq records
to core PS75/056-1 (Figure S3). Results show that when aligning enq to the refer-
ence core, benthic 6180 of both cores shift towards older ages, significantly offsetting
them from that of the reference core (PS75/056-1). Further, the resulting age mod-
els do not agree with previously published age models of these cores (7, 64, 66).
Thus, we conclude that the observed delay in enq is a real feature of our records and
is not due to age model uncertainties.
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Supplementary Text
Hydrography and core locations

The Southern Ocean is dominated by the eastward flowing Antarctic Circum-
polar Current (ACC) and the circum-Antarctic frontal system with the Subantarctic
Front (SAF) to the north, the Southern AAC Front to the south, and the Antarctic Po-
lar Front (APF) in between [e.g., (47)]. Deep water that upwells south of the APF
feeds both Antarctic Bottom Water (AABW) formation close the Antarctic continent
and Antarctic Intermediate and Mode Water formation north of the APF [e.g., (36,
67)]. In the South Pacific, the overall location of the SAF and the APF varies by ~5°,
with a more northward position in the west and southward in the east [(47), Figure
1 of the main text]. The Southern Ocean’s major water mass, the Circumpolar Deep
Water (CDW), is subdivided into an upper and lower branch. Lower CDW (LCDW) is
identified by a salinity maximum that is inherited from North Atlantic Deep Water
(NADW) (47, 68). Upper CDW (UCDW) is typically identified as an oxygen minimum
layer, which is derived from oxygen-depleted, nutrient-rich Indian Deep Water
(IDW) and North Pacific Deep Water (NPDW) (69). Lower CDW and UCDW are
transported into the North Pacific, where they are transformed to NPDW and return
to the Southern Ocean in the East Pacific along the South American continent at
1500-3500 m water depth (70). North of the SAF, UCDW is centered at approximate-
ly 1500 m depth and LCDW covers depths below 2000 m.

Core PS75/073-2 (3234 m) from the central/southwest Pacific is bathed today by
LCDW and located south of the modern APF. By virtue of its location in the center of the
ACC (Figure 1 of the main text), this core offers the ideal opportunity to study the evolu-
tion of pure CDW over the last deglaciation. Southeast Pacific cores PS75/056-1,
PS75/059-2, E11-2, and PS75/054-1 are all located north of the modern SAF 1i.e., north of
the ACC core. Currently, cores PS75/056-1 (3581 m) and E11-2 (3109) are bathed by
LCDW, but are located close to the LCDW/UCDW boundary with some influence of
low-oxygen UCDW, particularly to core E11-2 (Figure 1 of the main text). Thus, these
two cores are best fitted to monitor past changes in the mixing proportions between
LCDW and UCDW. Based on salinity values, core PS75/059-2 (3613 m) also represents
LCDW, but it is separated from the other cores by the East-Pacific Rise (EPR) and has
significant influence of low-oxygen NPDW (Figure 1 of the main text). Below LCDW,
northward spreading dense AABW that is formed in the Weddell Sea, Ross Sea, and
along the Adélie Coast, covers the abyss around Antarctica. In the South Pacific, the ex-
pansion of Ross Sea Bottom Water (RSBW), the coldest and saltiest variety of AABW, is
restricted by bottom topography to areas south of the Pacific-Antarctic Ridge (77). Mix-
ture of RSWB with overlying LCDW leads to erosion of the typical hydrographic proper-
ties along its flowpath towards the southeast Pacific (7/), which is also seen in the eng
signatures [e.g., (/1)]. Core PS75/054-1 (4085 m) is located at the deeper limit of LCDW
and just north of the modern extent of RSBW (Figure 1 of the main text). Its proximity to
the RSBW boundary is ideal to investigate past changes in RSBW. Together, the south-
east Pacific cores (E11-2, PS75/056-1, PS75/054-1) define an approximate meridional
depth transect that can track the evolution of the water mass structure in the Southern
Ocean during the last deglaciation.
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Neodymium isotopes as a water mass tracer

The neodymium isotope composition (143Nd/144Nd) is expressed in the eng
notation and defined as eng = [(**3Nd/**Nd)sampie/(*#3Nd/144Nd)cnur -1]*10,000
where CHUR is the Chondritic Uniform Reservoir with 143Nd/144Nd = 0.512638 (72).
The heterogeneous distribution of exgd on the continents [e.g., (73)] is imprinted to
seawater by transport of Nd from the continents to the ocean through rivers, dust
and interaction with margin sediments known as ‘boundary exchange’. Together
with the short residence time of Nd in the ocean of 300-1000 years (74, 75), sea-
water eng allows the tracing of water masses back to their source region (13, 76, 77).

In the modern ocean, NADW has an eng signature of -13.5 (13), whereas
NPDW is more radiogenic with an enq signature of -3.5 (14). Circumpolar Deep Wa-
ter as a mixture of NADW and NPDW has intermediate values [end = -8 to -9; (11, 12,
78)]. Deep waters formed around Antarctica carry a distinct enq signal depending on
the formation region, ranging from enq = -7 (RSBW) in the Pacific sector (11, 78, 79)
to -9 in the Atlantic sector of the Southern Ocean (12). In the South Pacific and the
Pacific sector of the Southern Ocean, the main water masses carry distinct seawater
€nd Ssignatures [e.g.,, NPDW, CDW, RSBW; (11, 78-80)]. Thus, Nd isotopes are an ideal
proxy to study the paleo-water column structure in the South Pacific.

In the past, as NADW supply diminished or ceased, the relative contribution
of NPDW increased changing the mixing proportion and altering the eng of CDW
(33). Implicit in this mechanism is the assumption that the end-member &enq signa-
tures of NADW and NPDW remained constant over the time that is considered.
Temporal stability of end-member NADW and NPDW enq signatures for the last 2 Ma
is well established [e.g., (15, 39, 40, 81, 82)]. Broadly, NADW is a mixture of water
from the Labrador Sea (ena~ -17) and Iceland-Scotland Overflow Water (ISOW, engd
~ -8.2) with very distinct and different enqsignatures acquired through interaction
with surrounding lithogenic material (83). It is often suggested that the proportion
of Labrador Sea Water and ISOW in NADW might have been different in the past,
however, a concurrent change in NADW’s eng signature has not yet been definitively
reported. For RSBW (and other AABW varieties) that are formed on the Antarctic
shelf and therefore inherit the enq of the shelf sediments, a change in eng would be
conceivable if the provenance and lithology of these shelf sediments would have
changed substantially. Since the Ross Sea receives its sediments through glacier
transport, a change on the timescales discussed here is unlikely. Thus, we assume
that the RSBW end-member remained constant for the time window of our study.

Fish teeth and Fe-Mn oxide coatings on foraminifera and sediment particles
capture the bottom water eng signature at the sediment water interface and do not
lose that signal during subsequent burial in the sediment column [e.g., (22, 84, 85)].
These archives have been effectively used to extract pristine paleo-bottom water
signatures and as a proxy to trace water masses in past oceans [e.g., (11, 16, 22, 86)].

Testing the reliability of sedimentary archives and the Nd isotope proxy in the South Pa-
cific
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One pre-requisite to interpret eyg changes in relation to water mass mixing and
ocean circulation changes is to ascertain the reliability of sedimentary archive-derived
core-top eng values in reflecting overlying bottom waters. The eng values from the core-
tops in the South Pacific region show excellent agreement with those of overlying and/or
nearby bottom water masses that are already published (Figure S4). It has recently been
shown that boundary exchange in the deep South Pacific is limited to locations directly
above the mid-ocean ridge (//) and therefore boundary exchange is not an issue for our
core sites. Further, contributions from pore water fluids, as suggested for the Oregon
margin (87) seem very unlikely, as nearby seawater exg profiles show no significant in-
crease of Nd concentrations towards the seafloor, in fact, Nd concentrations south of the
Polar Front are almost constant with depth and hence show the least increase with water
depth found anywhere in the Pacific so far (71, 78).

Recent studies using dissolved Nd isotopes indicate a potential influence of NPDW
on the isotope composition of deep waters in the southeast Pacific (//, 80). Thus, we in-
terpret paleo eng signatures of the southeast Pacific (cores PS75/056-1, PS75/059-2, E11-
2) in the context of admixture of NPDW and South Pacific CDW. Core PS75/073-2 is
situated along the western flank of the Pacific-Antarctic Ridge. The core-top eng signa-
ture of -8.3 matches the nearest deep water representing CDW [Figure S4; (/7)]. We thus
consider this core as a representative of pure CDW composition in the South Pacific, ex-
cluded from direct influence of NPDW.

Neodymium isotope values of contemporaneous fossil fish teeth and debris
have been demonstrated to be identical (85, 88). Here, separate analyses of contem-
poraneous fossil fish teeth and fish debris from one interval in core PS75/073-2
show that these two archives record the same eng values within analytical uncertain-
ty, confirming the previous results (Table S2). In order to check the reproducibility
between fossil fish teeth within a single sample, two samples with abundant teeth
material were divided into sub-samples and consequently analyzed for Nd isotopes.
The Nd isotope results of the subsamples are in agreement within the analytical un-
certainty (Table S2).

Mixed species of planktic foraminifera were analyzed in samples and/or
cores where fish debris was absent or revealed high measurement errors as a result
of low availability and subsequent low Nd concentrations. To achieve highest relia-
bility of our foraminifera based enq results, a few of these analyses were under-
pinned by fossil fish debris values during the course of this study (Table S1).
Foraminfera eng vs. fish teeth/debris eng from the same sample show agreement
within analytical error and closely follow a 1:1 line independent of the applied
cleaning protocol (Table S2, Figure S5). Further, true replicates of uncleaned foram-
inifera reveal eng values within error, demonstrating the reproducibility of the anal-
ysis (Table S2). Based on our results, it is reasonable to assume that eng derived
from fossil fish debris and Fe-Mn oxide coatings on foraminifera both record past
bottom water €eng in the South Pacific.

Leftover clay and/or lithogenic particles in foraminifera chambers are con-
sidered as one of the main sources of contamination when using a foraminiferal ar-
chive for eng studies [e.g., (89)]. To test the extent of contamination from these clay
particles in samples that were not physically cleaned, we measured the eng composi-
tion of the residual particles (mixture of lithogenic particles and some undissolved
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foraminiferal calcite) following dissolution of the samples (Table S3). The engq signa-
tures in these residual particles are in general more radiogenic, with a constant off-
set by ~1-2 enq units from the corresponding foraminifera and fish teeth values
(Figure S5, Tables S2, S3). Given this constant offset and the consistency between
fish teeth and foraminifera enq, we rule out contaminating influence of lithogenic
material on uncleaned foraminifera for our samples. Based on our results and on
what has previously been reported for directly dissolved foraminifera (90), we sug-
gest that physical cleaning of foraminifera can be avoided when incremental disso-
lution of foraminifera is applied; this is at least true for our study region in the South
Pacific, however, this approach should be tested on a regional basis.
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A) Age model construction for core PS75/054-1 using XRF Rb data of core PS75/054-1
(purple) and aligning them to the Rb scan of core PS75/056-1 (blue) over the last 150 ka.
B) XRF Sr scan of core PS75/054-1 on the Rb-based age model compared to XRF Sr data
of PS75/056-1. C) Resulting sedimentation rate for PS75/054-1. Age tie points indicated

by triangles. Note reversed y-axis in A).
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Fig. S3

Testing age model robustness. A) Comparison of benthic §180 record of core E11-2
on the age model used in this study (green) to a previously published age model
[orange, (66)] and an age model constructed by aligning the timing of exg changes to
those of core PS75/056-1 (open symbols). B) Benthic §180 records of PS75/056-1
(blue) and PS75/059-2 (black) on age models used in this study, and of PS75/059-2
(open symbols) on an age model constructed by aligning its enq record to that of
PS75/056-1. The latter shows prominent disagreement in absolute 180 values to
that of PS75/056-1, making this age model unrealistic. C) Planktic 6180 record of
PS75/073-2 on the age model used in this study. D) Benthic 680 record of core
MD97-2120 (for details see Figure S1) plotted as a reference core to show the tim-
ing of change in the southern hemisphere. Age models of PS75/059-2 and E11-2,
when tuned to the eng record of PS75/056-1 produce unrealistic patterns in their
5180 records.
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Comparison of core-top foraminiferal or fish debris exg signatures (colored symbols) with
water column profiles [black open symbols, (71, 78)] from A) the Western/Central and
B) the Eastern South Pacific. Grey bars indicate range of exg for CDW. Bottom waters at
site PS75/065-3 are influenced by RSBW (/7). Arrow indicates general flow direction of
the ACC, which becomes progressively more radiogenic from west to east, as expressed
by increasing eng values of CDW. Seawater eng profiles from stations PS75/044-1,
PS75/052-1, PS75/057-1, PS75/065-3, and PS75/095-1 from (/1), data of station 022
from (78). C) Locations of sediment cores (colored) and seawater stations (grey) used in
A) and B). Map created with Ocean Data View (91).
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end values derived from foraminifera, fossil fish debris, and total digested silicate parti-
cles plotted in eng-eng space. A) Fish debris eng vs. foraminifera eng fall close to the ideal
1:1 line indicating fish debris and foraminifera archives can be used interchangeably. B)
Total digested silicate particle eng vs. foraminifera eng exhibit a systematic offset of 1-2
epsilon units towards more radiogenic values in particles. The silicate particles used in
these analyses were collected from inside the foraminifera tests collected during crushing
and cleaning procedures. Detailed data presented in Tables S2 and S3.
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454
455
456

Table S1.

Core information and composite exg records of all cores from this study.
Sample inter- Age Material Normalized ENd + Internal + External ena  + Propagated
val (cm) (ka) 143Nd /144Nd 2 ena error (26 error (20 SD) error
SE)

E11-2-1,56°S,115°W, 3109 m
21-22 9.13 foraminifera 0.512243 -7.7 0.08 0.13 0.15
26-27 9.70 foraminifera 0.512241 -7.7 0.14 0.13 0.19
41-42 11.39 foraminifera 0.512242 -7.7 0.02 0.13 0.13
43-44 11.62 foraminifera 0.512252 -7.5 0.12 0.13 0.18
44-45 11.73 foraminifera 0.512250 -7.6 0.17 0.22 0.28
53-54 12.84 foraminifera 0.512267 -7.2 0.07 0.13 0.15
60-61 13.88 foraminifera 0.512271 -7.2 0.22 0.13 0.26
72-73 15.39 foraminifera 0.512320 -6.2 0.20 0.24 0.31
74-75 15.57 foraminifera 0.512339 -5.8 0.09 0.23 0.25
76-77 15.74 foraminifera 0.512319 -6.2 0.16 0.23 0.28
83-84 16.36 foraminifera 0.512341 -5.8 0.08 0.13 0.15
84-85 16.45 foraminifera 0.512341 -5.8 0.15 0.13 0.20
85-86 16.53 foraminifera 0.512335 -5.9 0.22 0.13 0.26
86-87 16.65 foraminifera 0.512347 -5.7 0.12 0.22 0.25
93-94 17.49 foraminifera 0.512339 -5.8 0.19 0.22 0.29
103-104 18.22 foraminifera 0.512332 -6.0 0.11 0.22 0.25
137-138 20.45 foraminifera 0.512326 -6.1 0.12 0.22 0.25
144-145 20.94 foraminifera 0.512332 -6.0 0.11 0.22 0.25
145-146 21.01 foraminifera 0.512322 -6.2 0.15 0.22 0.27
146-147 21.08 foraminifera 0.512327 -6.1 0.11 0.22 0.25
152-153 21.51 foraminifera 0.512329 -6.0 0.17 0.22 0.28
155-156 21.72 foraminifera 0.512326 -6.1 0.21 0.22 0.30
156-157 21.79 foraminifera 0.512328 -6.0 0.07 0.22 0.23
157-158 21.86 foraminifera 0.512325 -6.1 0.16 0.22 0.27
164-165 22.35 foraminifera 0.512313 -6.3 0.16 0.22 0.27
165-166 22.42 foraminifera 0.512317 -6.3 0.02 0.22 0.22
176-177 23.19 foraminifera 0.512322 -6.2 0.08 0.22 0.23
195-196 24.53 foraminifera 0.512304 -6.5 0.10 0.22 0.24
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PS75/073-2,57°12.27’S,151°36.63'W, 3234 m

3-4

7.5-8.5

12.5-13.5

22.5-235

27.5-28.5

33-34

42.5-43.5

52.5-53.5

57-58

62.5-63.5

67.5-68.5

72-73

73-75

75-76

77-78

79-80

82-83

84-85

87-88

89-90

92-93

94-95

97.5-98.5

103-104

104-105

108-109

109-110

113-114

114-115

117.5-118.5

118-119

122.5-123.5

123.5-124.5

2.58

3.18

3.86

5.20

5.87

6.61

7.89

9.24

9.84

10.56

11.18

11.73

11.91

12.10

12.34

12.59

12.95

13.19

13.55

13.79

14.15

14.52

15.21

16.29

16.49

17.28

17.48

19.14

20.06

23.28

23.74

27.88

28.79

foraminifera
foraminifera
fish teeth/debris
fish debris/foram. ®
fish debris
fish debris
fish debris
foraminifera
foraminifera
fish teeth/debris
fish debris
fish teeth/debris
fish debris
fish debris
foraminifera
fish debris
foraminifera
foraminifera
fish teeth/debris
foraminifera
fish teeth/debris
fish debris
foraminifera
fish debris/foram. ®
fish teeth
fish debris/foram. ®
fish teeth/debris
fish teeth/debris
fish teeth
fish teeth
fish teeth
fish teeth ®

fish teeth

0.512213

0.512227

0.512215

0.512217

0.512211

0.512205

0.512227

0.512221

0.512234

0.512220

0.512226

0.512231

0.512230

0.512248

0.512258

0.512278

0.512283

0.512291

0.512288

0.512297

0.512285

0.512296

0.512298

0.512330

0.512326

0.512320

0.512328

0.512325

0.512328

-7.6

-7.4

-7.0

-6.9

-6.8

-6.8

-6.7

-6.9

-6.7

-6.5

-6.6

-6.0

-6.0

-6.1

-6.2

-6.0

-6.1

-6.1

-6.0

0.16

0.08

0.06

0.26

0.18

0.33

0.39

0.13

0.48

0.08

0.16

0.32

0.20

0.17

0.19

0.15

0.16

0.14

0.18

0.27

0.18

0.13

0.12

0.05

0.07

0.09

0.25

0.23

0.21

0.21

0.31

0.26

0.29

0.30

0.29

0.21

0.21

0.27

0.29

0.31

0.23

0.39

0.21

0.23

0.21

0.27

0.31

0.27

0.29

0.23

0.21

0.24

0.33

0.37

0.18

0.12

0.21

0.31

0.18

0.18

0.21

0.26
0.22
0.32
0.37
0.34
0.45
0.49
0.25
0.30
0.55
0.30
0.35
0.39
0.41
0.24
0.30
0.27
0.33
0.34
0.34
0.33
0.27
0.28
0.36
0.45
0.41
0.22
0.17
0.22
0.32

0.20
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PS75/056-1, 55°09.74’S, 114°47.31'W, 3581 m

0-1.5

4.5-6

9.5-11

14.5-16

19.5-21

24.5-26

29.5-31

34.5-36

39.5-41

e

44.4-46

49.5-51

54.5-56

59.5-61

64.5-66

69.5-71

74.5-76

79.5-81

84.5-86

89.5-91

94.5-96

99.5-101

104.5-106

114.5-116

124.5-126

7.38

8.51

9.63

10.76

11.89

12.74

13.45

14.17

14.89

16.33

17.46

18.11

18.76

19.41

20.82

2241

23.48

24.56

25.63

26.45

27.02

27.59

28.73

29.87

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

fish debris

PS75/059-2,54°12.80’S, 125°25.53'W, 3613 m

2-3

7-8

12-13

17-18

22-23

27.28

32.33

37-38

42-43

3.46

4.75

6.04

7.33

8.62

9.78

10.92

12.06

13.40

fish debris
fish debris
foraminifera
foraminifera
foraminifera
fish debris
fish debris
foraminifera ®

fish teeth/debris

0.512243

0.512292

0.512229

0.512254

0.512247

0.512258

0.512293

0.512314

0.512294

0.512315

0.512329

0.512335

0.512353

0.512347

0.512351

0.512331

0.512328

0.512330

0.512314

0.512311

0.512286

0.512313

0.512325

0.512315

0.512270

0.512282

0.512264

0.512265

0.512264

0.512276

0.512284

0.512342

-7.7

-6.7

-6.3

-6.0

-5.9

-5.6

-6.3

-6.1

-6.3

-7.2

-6.9

-6.6

-5.8

0.12

0.48

0.86

0.67

0.14

0.24

0.13

0.16

0.25

0.36

0.10

0.26

0.03

0.16

0.22

0.28

0.14

0.22

0.36

0.15

0.10

0.30

0.26

0.09

0.16

0.13

0.22

0.07

0.38

0.14

0.32

0.32

0.25

0.34

0.25

0.25

0.25

0.25

0.25

0.20

0.25

0.25

0.23

0.23

0.23

0.23

0.23

0.13

0.18

0.25

0.25

0.27

0.27

0.23

0.30

0.28

0.21

0.21

0.21

0.28

0.28

0.30

0.27

0.34
0.58
0.90
0.75
0.29
0.35
0.28
0.30
0.35
0.41
0.27
0.36
0.23
0.28
0.32
0.36
0.39
0.19
0.28
0.27

0.44

0.29

0.38

0.40
0.29
0.26
0.24
0.25
0.36
0.29
0.48

0.30
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47-48

52-53

57-58

62-63

67-68

72-73

14.76

16.12

17.63

21.68

25.73

28.48

fish teeth/debris
fish teeth/debris
foraminifera
fish teeth/debris
fish teeth

fish teeth/debris

PS75/054-1, 56°9.105’S, 115°7.982'W, 4085 m

17.5-19

22.5-24

27.5-29

32.5-34

37.5-39

47.5-49

57.5-59

67.5-69

87.5-89

1291

13.45

14.27

15.05

15.99

17.41

17.93

18.45

19.41

foraminifera
fish debris
fish debris/foram. ®
fish debris
fish debris/foram. ®
fish debris/foram. ®
fish debris/foram. ®
foraminifera

foraminifera

0.512346

0.512345

0.512338

0.512341

0.512329

0.512321

0.512245

0.512325

0.512304

0.512257

0.512276

-5.7

-5.7

-5.9

-5.8

-6.0

-6.2

-7.7

-6.1

-7.8

-6.5

-7.5

-7.7

-7.6

-7.4

-7.1

0.13

0.16

0.22

0.42

0.30

0.04

0.10

0.30

0.42

0.49

0.32

0.15

0.13

0.20

0.20

0.21

0.27

0.30

0.30

0.13

0.32

0.35

0.32

0.35

0.27

0.39

0.23

0.13

0.24

0.26

0.30

0.50

0.42

0.37

0.14

0.34

0.46

0.53

0.60

0.42

0.45

0.27

0.18

* Sample "*Nd/"**Nd ratios measured by MC-ICP-MS were normalized to the mean of INdi-1 of the particular analytical session,
relative to a JNdi-1 value of 0.512115 (57)
® Average of two individual measurements (fish teeth, fish debris, foraminifera) from the same sample. Individual results in Table S2

¢ Sample analyzed at Helmholtz Institute for Marine Research, Geomar, Kiel (Germany).
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463

464  Table S2.

465  Data of individual analyses of fish teeth/debris and foraminifera.
466

Sample in- Age Material Normalized End + Internal + External + Propagated
terval (cm) (ka) 143Nd/144Nd €Ng €TTOT €ng €TTOT error
(20 SE) (20 SD)

PS75/073-2,57°12.27’S,151°36.63'W, 3234 m

3-4 2.58 fish teeth/debris 0.512199 -8.6 0.86 0.72 1.12
3-4 2.58 foraminifera 0.512213 -8.3 0.16 0.21 0.26
7.5-8.5 3.18 fish debris 0.512221 -8.1 0.10 0.30 0.32
7.5-8.5 3.18 foraminifera 0.512227 -8.0 0.08 0.21 0.22
22.5-23.5 5.20 fish debris 0.512218 -8.2 0.14 0.20 0.24
22.5-235 5.20 foraminifera 0.512211 -8.3 0.22 0.16 0.27
52.5-53.5 9.24 fish debris 2 0.512335 -5.9 0.98 0.27 1.02
52.5-53.5 9.24 foraminifera 0.512227 -8.0 0.13 0.21 0.25
57-58 9.84 fish debris 2 0.512212 -8.3 0.67 0.72 0.98
57-58 9.84 foraminifera 0.512221 -8.1 0.21 0.21 0.30
77-78 12.34 fish debris 2 0.512250 -7.6 0.17 0.29 0.34
77-78 12.34 foraminifera 0.512248 -7.6 0.11 0.21 0.24
89-90 13.79  fish teeth/debris = 0.512261 -7.4 0.41 0.33 0.53
89-90 13.79 foraminifera 0.512288 -6.8 0.21 0.27 0.34
103-104 16.29 fish debris 0.512304 -6.5 0.13 0.12 0.18
103-104 16.29 foraminifera 0.512310 -6.4 0.24 0.21 0.32
108-109 17.28 fish debris 0.512324 -6.1 0.07 0.20 0.21
108-109 17.28 fish teeth 0.512335 -5.9 0.17 0.31 0.35
122.5-123.5 27.88 fish teeth 0.512328 -6.0 0.22 0.12 0.25
122.5-123.5 27.88 fish teeth 0.512324 -6.1 0.12 0.13 0.18
127.5-128.5 32.47 fish teeth ® 0.512314 -6.3 0.19 0.12 0.22
127.5-128.5 32.47 fish teeth ® 0.512335 -5.9 0.17 0.12 0.21

PS75/059-2,54°12.80’S, 125°25.53'W, 3613 m

12-13 6.04 fish debris 2 0.512238 -7.8 0.98 0.28 1.02
12-13 6.04 foraminifera 0.512264 -7.3 0.16 0.21 0.26
22-23 8.62 fish debris 2 0.512269 -7.2 0.64 0.27 0.69
22-23 8.62 foraminifera 0.512264 -7.3 0.13 0.21 0.25
37-38 12.06 foraminifera 0.512298 -6.6 0.34 0.21 0.40

37-38 12.06 foraminifera 0.512303 -6.5 0.16 0.21 0.26



77-78

77-78

31.08

31.08

fish debris ®

foraminifera b

PS75/054-1, 56°9.105’S, 115°7.982'W, 4085 m

27.5-29

27.5-29

37.5-39

37.5-39

47.5-49

47.5-49

57.5-59

57.5-59

* Values used in supplementary figures for archive- or replicate-comparison. These values are excluded from the composite record

14.27

14.27

15.99

15.99

17.41

17.41

17.93

17.93

fish debris

foraminifera

fish debris

foraminifera

fish debris

foraminifera

fish debris

foraminifera

0.512331

0.512311

0.512246

0.512232

0.512269

0.512241

0.512253

0.512238

0.512253

0.512247

(Table S1) due to higher error or low voltage during measurement
® Values used in supplementary figures for archive- or replicate-comparison but not included in the composite records due to ages >30

ka (Table S1).

-6.0

-6.4

-7.6

-7.9

-7.2

-7.7

-7.5

-7.8

-7.5

-7.6

0.10

0.02

0.28

0.10

0.47

0.12

0.32

0.04

0.21

0.04

0.20

0.18

0.32

0.13

0.13

0.32

0.24

0.13

0.32

0.23

0.22

0.18

0.43

0.16

0.49

0.34

0.40

0.14

0.38

0.23
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473  Table S3.

474  Data of individual analyses of lithogenic particles from inside foraminifera shells.
475

Sample in- Age Normalized End + Internal &ng + External exna  * Propagated error
terval (cm) (ka) 143Nd/144Nd error (20 SE) error (20 SD)

PS75/073-2,57°12.27’S,151°36.63'W, 3234 m

3-4 2.58 0.512229 -8.0 0.16 0.33 0.37
7.5-8.5 3.18 0.512221 -8.1 0.15 0.33 0.36
22.5-23.5 5.20 0.512270 -7.2 0.34 0.55 0.65
52.5-53.5 9.24 0.512283 -6.9 0.24 0.26 0.35
57-58 9.84 0.512280 -7.0 0.34 0.33 0.47
77-78 12.34 0.512297 -6.7 0.15 0.33 0.36
82-83 12.95 0.512325 -6.1 0.14 0.26 0.30
84-85 13.19 0.512342 -5.8 0.33 0.36 0.49
89-90 13.79 0.512332 -6.0 0.09 0.16 0.18
97.5-98.5 15.21 0.512346 -5.7 0.30 0.26 0.40
103-104 16.29 0.512345 -5.7 0.26 0.26 0.37

PS75/059-2,54°12.80’S, 125°25.53'W, 3613 m

12-13 6.04 0.512301 -6.6 0.32 0.33 0.46
17-18 7.33 0.512343 -5.8 0.27 0.26 0.37
22-23 8.62 0.512357 -5.5 0.31 0.26 0.40
37-38 12.06 0.512369 -5.2 0.26 0.26 0.37
37-38 12.06 0.512391 -4.8 0.22 0.26 0.34
57-58 17.63 0.512384 -5.0 0.06 0.21 0.22
77-78 31.08 0.512373 -5.2 0.03 0.21 0.21
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477
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480

481
482
483

Table S4.

Updated age model tie points of reference core MD97-2120 and tie points of the investi-

gated cores

Core Sample in- Age Type Sed. Rate Data Reference
terval (cm) (ka) (cm/ka)
MD97-2120 22.5 2.06 14C 8.8 (19)
36.5 3.66 14C 14.8 (19)
98.5 7.86 14C 219 (19)
202.5 12.61 14C 20.3 (19)
230.5 13.99 14C 23.7 (19)
252.5 14.92 14C 20.6 (19)
330.5 18.7 14C 23.3 (60)
344.5 19.3 14C 30.7 (60)
390.5 20.8 14C 39.3 (60)
418 215 14C 13.7 (60)
471 25.36 Kawakawa Tephra 16.3 (61)
525 28.67 14C 14.8 (19)
E11-2 325 10.37 Benthic §180 8.8 (66)
50.8 12.44 Benthic §180 6.8 (66)
68.3 15.02 Benthic §180 11.4 (66)
85.6 16.54 Benthic §180 8.4 (66)
95.5 17.72 Benthic §180 16.1 (66)
123.4 19.46 Benthic §180 14.2 (66)
234.5 27.27 Benthic §180 15.8 (66)
274.2 29.78 Benthic §180 (66)
PS75/073-2 10.5 3.52 Planktic 6180 7.4 (64)
61.4 10.37 Planktic 6180 8.2 (64)
80.7 12.73 Planktic 6180 8.3 (64)
92.8 14.19 Planktic 6180 5.1 (64)
112.3 18.02 Planktic 6180 1.1 (64)
130.4 34.64 Planktic 6180 1.1 (64)
135.2 39.06 Planktic 6180 (64)
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PS75/056-1

PS75/059-2

PS75/054-1

6.6

40.9

48.3

67.7

93.0

139.8

212.4

11.6

23.0

38.1

68.0

89.9

15.8

29.7

40.6

49.2

64.9

125.5

159.3

227.1

249.8

290.6

319.3

341.5

414.1

478.0

497.8

594.8

633.8

680.6

697.0

8.74

12.25

14.95

17.17

19.69

21.93

26.17

31.51

37.60

5.81

8.75

12.20

17.41

26.16

37.55

10.82

13.34

14.90

17.29

19.33

29.87

33.14

41.20

46.75

56.70

63.07

67.70

79.37

87.62

91.65

109.80

117.52

126.70

130.60

Benthic 6180

Benthic 6180

Benthic 6180

Benthic 6180

Benthic 6180

Benthic 6180

Benthic 6180

Benthic 6180

Benthic 6180

Benthic 6180

Benthic 6180

Benthic 6180

Benthic 6180

Benthic 6180

Benthic 6180

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

XRF Rb

4.4

7.0

3.3

7.7

2.5

4.7

8.8

3.9

4.4

3.7

1.2

1.9

7.9

6.0

6.1

18.7

60.1

30.3

16.9

17.4

18.6

23.5

20.9

17.6

17.2

2.8

2.7

4.1

(63)
(63)
(63)
(63)
(63)
(63)
(63)
(63)

(63)

(63)
(63)
(63)
(63)
(63)

(63)
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761.4

147.36

XRF Rb
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