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Abstract. Stable hHydrogen isotopic compositions of long—chain alkenones with 37 carbon atoms (§2Hcs7) have been shown
to reflectproposed-asa—proxyforpast seawater salinity in culture and environmental studies and this potential sea surface

salinity proxy hasbeen applied to in-several down core records from different regions. However, previous studies were based

solely on a single sediment core and often suggested unlikely large changes in salinity_based on existing proxy calibrations.
Here we present a new 82Hcsz record, in combination with oxygen isotopes of benthic foraminifera from the same samples,
from a sediment core from the Chilean Margin (ODP site 1235). The observed negative shift in §2Hca7 of 20%o during the last

deglaciation was identical to that of a previously published 62Hcsz record from the nearby located, but deeper, ODP core 1234,

suggesting a regionally consistent shift in §2Hcs7. This changeshift translates into a negative hydrogen isotope shift of the
surface seawater of ca. 14%o, similar to glacial=interglacial reconstructions based on other §2Hcs7 records. The reconstructed
bottom seawater oxygen isotope change based on benthic foraminifera during the last deglaciation is approximately -0.8%o, in

line with previous studies. When translated into_hydrogen isotopes of bottom seawater using the modern open—ocean water

line, this would suggest a negative changeshift of ca. 5%o, smaller than the reconstructed surface seawater shift based on
alkenones. The largerhigher changein surfacesurface water isotopes suggests that it experienced more freshening during the

Holocene than bottom waters, either due to increased freshwater input or reduced evaporation, or a combination of the two.

1 Introduction

The_stable oxygen and hydrogen isotopeic composition of seawater (5180sw and §2Hsw, respectively) reveals crucial

information about (sea)water physicochemical properties, which ceuld-improves our understanding of past global ocean
current dynamics and changes therein. Several oceanographic factors can cause shiftsin the isotopic composition of seawater:
for example, the bottom seawater isotopic composition depends on the source area of the water and reflects the history of
advection associated transport, mixing, upwelling and downwelling of ocean currents (Rohling and Cooke, 1999). Regional
factors affecting the sea—surface seawater isotopic composition are the evaporation-precipitation balance, river water input,
iceberg melting, and the local climate regime (Rohling and Cooke, 1999). On a more global level, land ice formation is an

important process whichthat affects oxygen and hydrogen isotopes of seawater, where:- during glacial periods large amounts
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of water with relatively low, more negative, §'80 and &°H oxygenand-hydrogen-isotope-values are stored asice on land,
increasing seawater 580 values leavingthe more enrichedinthe heavierisotopes (e.g. Schragetal., 2002).-Decreasing global

ice volume during warmer interglacials, releases this fresh, low-density water with relatively low 880 and §?H valuesinto the

surface ocean Dui
with-—relatively low §**0and §?Hvalueswhich-enters the surface ocean-(Rohling and Bigg, 1998). Since both evaporation-and
precipitation-affectsea-water isotopes and salinity increase as a result of evaporation and decrease asa result of precipitation

or freshwater inputin-a-similarway, seawaterisotopesand salinity are tightly coupled haveacloserelationshipwith the salinity
of theseean-(Rohling 2007; Craig 1961; Craig and Gordon 1965). Therefore, sea-water isotopes are often reconstructed and

used to infer past salinity changes (e.g. Lamy et al., 2002; Schraget al., 2002; Rousselle et al., 2013).

There are several methods available to reconstruct the isotopic composition of sea-water. The stable oxygen isotopic
composition of foraminifera (5'8O0soram) is a function of the-oxygen-isotope-composition-ofambient sea-water{5180sw) and
calcification temperature (Bemis et al., 1998; Epstein et al., 1953; Shackleton, 1974) with a minor effect of carbonate ion
concentration (Spero et al., 1997). Temperature -corrected 5'8Oforam is thus assumed to reflect 3'8Osw-, though with some

uncertainty (Duplessy et al., 1991; Rostek et al., 1993). Generally, temperature corrections.of §'8Osoram to reconstruct 580sw

are done based on temperature proxies derived from the same foraminifera, such as Mg/Ca (e.g. Billups et al., 2002, 2003;
Lear etal., 2000, 2004, 2015; Martin et al., 2002) or_carbonate clumped isotopes (A47) (e.g. Petersen et al., 2015). In some
cases, independent temperature proxies based on organic geochemical indices, such asUX'3; and TEXge (Brassell et al., 1986;
Prahl et al., 1987; Schouten et al., 2003), are used to correct for the-temperature (Rostek et al., 1993, 1997). Several studies

based on 5'8Osoram—records, 580 values of porewaters and modelling, estimate a negative global average change of 0.8—1.1%o

in the oxygen isotope ratio of theglobal sea-water during the last deglaciation (e.g. Adkins and Schragetal., 2001; Adkins et
al., 2002; Duplessy et al., 2002; Oba et al., 2004; Waelbroeck et al., 2002). Based on this,_the salinity changeis thoughtto be
around 1-2 psu (Adkins et al., 2002; Broecker, 2002). Deriving Fo-derive-salinity from local §18Osw estimates, i.e. those

corrected for global §180sw changes_-requires knowledge ofen the regional relationship between §180sw and salinitythe-salt
content (LeGrande and Schmidt, 2006; Rohling, 2007). However, it is uncertain whether this relationship_is consistent through

timewassimilarinthe pastasitistoday.
The hydrogen isotopic composition of sea-water is more difficult to reconstruct. Schraget al. (2002)One-wayisto measured

the hydrogen isotopic compositions of pore fluids in deep—sea sediments.and showed —Fhose-indicate-a negative shiftchange
of 6-9%o in the hydrogen isotopic §*Hsw composition of the bottom seawater (8°Hpsw-) during the last glacial to interglacial
transitionchange. Another potential proxy for reconstructing surface seawater (§°Hssw): is based on the combined hydrogen
isotopic composition of long—chain alkenones combined-Caz.2 and-C37.3 alkenones{8*Hcsz)}with 37 carbon atomsand two and
three double bonds 82Hcsz derived from haptophyte algae; produced-by haptophyte algae Culture studies show that the
hydrogen isotopic fractionation of phototrophic organisms depends not only on the hydrogen isotopic composition of sea -water
but also on salinity (M’Boule et al., 2014; Sachs et al, 2016; Schouten et al., 2006; Weiss et al., 2017a; Zhanget al., 2009;

Zhanget al.,, 2007). However, the response of §2Hcsy to salinity varies significantly between haptophyte species (M’Boule et
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a.,2014; Sachsetal., 2016; Schouten etal.,2006),aswell asin differentthe environmental settings where sometimesno impact
of salinity on §2Hcsy is found (Gould et al., 2019; Haggi et al., 2015; Mitsunaga et al., 2022; Weiss et al., 2019b). These
differences_or absencesin response ofin §2H to salinity makes quantitatively constraining past salinity changes difficult. Fhe
applicationof §*Hcaztosedimentcores Downcore records show a decreaseshift of 16--25%o in 52Hcs7 (when corrected for ice
volume 9-18%o) for the last deglaciation_to Recent depending on the site (Kasper et al., 2014; Pahnkeet al., 2007; Petrick et

al., 2015; Simonetal.,2015; Weiss etal., 2019a). Based on these results, Weiss etal. (2019b) reconstructed glacial-interglacial

salinity changes of 5-19 psu, based on multiple different §2Hcsz—salinity calibrations. These reconstructed glacial-interglacial
salinity changesare much larger than based on 880 and ice volume modelling (e.g. Oba etal., 2004; Adkinset al., 2002). Fhis
largeglacialinterglacial shift in 8*Hcaz
topcalibrations much larger thanexpected_Therefore, Weiss et al. (2019b) concluded that either glacial-interglacial salinity

changesare larger than previously assumed orthe a-higherpaleo sensitivity of 82Hcs7 tosalinity changes was higher in the past

than observed in modern—day environments and cultures.
A differentapproach weuld-beto directly is to correlate 3?Hcs7 with §?Hssw ratherthan salinity. Gould et al. (2019) observed

a statistically significant 8°Hcs7—3%Hssw relationship with open—-ocean suspended particulate organic matter (SPOM), -and
Mitsunaga et al. (2022) showed a statistically identical relationship based on core top sediments. This suggests that in the
naturalenvironment, the effects of factors like salinity, species composition (e.g. Chivall et al., 2014; M’Boule et al., 2014),
and-light and nutrients (Sachs et al., 2015; van der Meer et al., 2015) on stable hydrogen isotope fractionation during
biosynthesis may be less important than the isotopic composition of sea-water. This observation allows direct inference of
&%Hssw from 82Hca7 withoutanyadditional correction, though this approach has not beenapplied yet to reconstruct past $*Hssw.
Mitsunaga etal. (2022) did-predict suggest a “global” LGM—-Modern change of -12.7%o in the hydrogen isotopic composition
of alkenones based on the global 8'80sw shift, a waterline slope of 8 and their core top calibration. based-on—several

assumptions-Similar as forte 3'80sw, reconstructed §2Hssw can then be converted into salinity using modern—day correlations
between surface 8?Hssw and salinity (LeGrande and Schmidt, 2006; Rohling, 2007).
Here, we generated a 32Hca7 and benthic §*Osoram record of ODP core 1235 from the Chilean Margin (Fig. 1) and compared

this with the previously published hydrogen isotope (Weiss et al., 2019b)and temperature records (de Baret al., 2018) from
nearby ODP core 1234. -Both cores arewhich-s only ~12 km away from each other, though ata _+much-greaterdifferent water
depths (489 m versus 1015 m); and are expected to record the same surface seawater signal (Mix et al., 2003).Furthermorein

In contrast to Weiss et al. (2019b), we reconstructed 3?H values of surface seawater and compared this to bottom seawater
oxygen isotopes_values (6180gsw) inferred from measured benthic foraminifera 5180 values and used both to constrain relative

salinity change during the deglaciation.
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Figure 1: Map of sea surface salinity (data from Zweng et al., 2018, scientific colour map from Crameri et al., 2022) showing the sediment
core locations of the neighbouring cores ODP 1234 and ODP 1235. The core location is influenced by threetwo primary ocean currents: the
Northward Peru—-Chile Current and the Chilean Coastal Current, as well as the southward Peru—-Chile Countercurrent, Those are fed by the

Antarctic Circumpolar waters, and Chilean Fjord waters can also enter from the southeast the system.

2 Material and Methods
2.1 Geographic Setting

The ODP site 202-1235 was retrieveddrilled at 36.16°S, 73.57°W at a relatively shallow water depth of 489 m (Fig. 1). The
site is about 12 km away from the deeper-located neighbouring ODP 202-1234 site (36.22°S, 73.68°W, water depth 1015 m)

in the southeast Pacific Ocean (Mix et al., 2003) (Fig. 1). These sites are located aten the Chilean Margin which is influenced

by surface and deep—-water currents which cause upwelling, stimulating local productivity (Bakun, 1989). The setting is
dynamic with south--westerly winds and freshwater runoff from the continent. The Antarctic Circumpolar Current (ACC)

transports cold and saline water into the Peru—Chile Countercurrent which could be mixed with fresher fjord water, with a
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etal., 2002; Strubet al., 1998; De Baret al., 2018). The present—-day annualmean sea surface salinity in the study area is 33.8
+0.2 psu (World Ocean Atlas 2018, 0.25deq grid: Zweng et al., 2018).

2.2 Sampling and age model

Sediment samples of core ODP 1235 were split into two subsamples: Approximately 6 g of wet sediment was used for
foraminiferal oxygen isotope analysis (§:80roram), -and approximately 10 g of wet sediment was used for organic proxy analysis,
ie; U3K7', TEXss (see Varma etal., 2023 underrevision) and §?Hcsy (this study). Sampleswere taken every 5-10 cm to cover
a resolution of <2 ka, and a total of 27 samples were analysed for hydrogen isotopes.

The age—-depth models for-ODP-1234 and ODP 1235_and the neighbouring ODP core 1234 were both constructed with the

statistical package Bacon (Blaauwand Christeny, 2011) using a Bayesian approach and are based on the radiocarbon ages of
mixed benthic foraminifera (Muratliet al., 2010;_this study, Table S1) as outlined by Varma et al. (2023). ODP 1234 has a

mean sedimentation rate of 20 cmka-and ODP 1235arate of 5 cmka-1. Additionallythree radiocarbonmeasurementsfrom

2.3 Analysis of benthic foraminifera and long—-chain alkenones

Stable oxygen isotopes were measured on the benthic foraminifera species Uvigerina with an automated carbonate device

(Kiel 1V, Thermo Scientific) connected to a Thermo Finnigan MAT 253 dualinlet isotope ratio mass spectrometer. The sample

sizes were ca. 20 pg and contained 2—5 foraminifera shells (>150 um). Replicate analyses of §180_values of the same sample
had a standard deviation of-were-averaged-with-average-differencesbeing 0.016-0.2%o. NBS 19 limestone was used as the
isotope calibration standard,and fordrift detection and correction, a second standard, NFHS-1, was used. For both standards
tFhe standard deviation is within 0.1%. for 8180. All carbonate isotope data are given in permill(%o) relative to V-PDB
(Vienna — Pee Dee Belemnite). Calculated 8180 seawater values are given in permill{%o) relative to V-SMOW (Vienna —
Standard Mean Ocean Water) with the accepted conversion value of 0.27%o (Hut, 1987; Pearson, 2012).

The sediment split fororganic analysiswas extracted asdescribed by Varma etal. (2023). Briefly, sedimentswere first freeze—

dried and then extracted using an Dionex 350 Accelerated Solvent Extractor. The sSolvent from the total extract was first
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removed using a Turbovap and the last remainingwater, if present, was removed using a small sodium sulfate column to obtain
the total lipid extract (TLEs). The TLEs were separated into three fractions over a small alumin jum oxide (Al203) column
using hexane/ dichloromethane 9:1 (v:v)to elute first the apolar fraction, hexane/ DCM 1:1 (v:v)to elute the ketone (alkeno ne)
fraction,and dichloromethane/ methanol 1:1 (v:v) to elute the polar fraction. The ketone fractions were used for compound—
specific hydrogen isotope ratio measurements of alkenones; after being measured using a gas chromatograph coupled to a
flame ionization detector (GC-FID) to determine the correct concentration and complexity of the fraction. Hydrogen isotope
ratios were measured in duplicate using a gas chromatograph coupled to a Thermo Delta V isotope ratio mass spectrometer
via high-temperature conversion reactor (Isolink 1) and Conflo IV. The GC was equipped with an RTX-200 60 m column
following Weiss et al. (2019). We report the hydrogen isotope ratio, relative to V-=SMOW, of the individual alkenones Cs73

and Cs7:2and the integrated C37 82H ratios determined by manual peak integration of the combined C37:3and Cs7:2peaks (van

der Meer et al., 2013). The Hs+factorwas measured daily beforepriorto running samplesand shifted in time never more than

instrument were monitored by measuring a standard containing 15 n—alkanes at different concentrations (Mix B from A.

Schimmelmann, Indiana University). at the start of each day. Sampleswere only run when the average difference between the

measured values for the Mix B standard and the certified valuesfor this standard and their standard deviation were less than
4o With each

sample,squalene and a C3o n—alkanewere coinjected to monitor thesystem performance. Theirmeasured valueswith-measured
valuesrangingfrom of -173 +£5%o and -78 +4%o. —Fhefit well with theireffline predetermined values a+eof -170 +4%o for
sgqualene and =79 +£5%o for the C3o n—alkane.

2.4 Modern open-ocean isotopic composition of sea-water

The relationship between §180-§2H in the water—-atmosphere environment can be described with the meteoric water-line
(MWL) andis close to 2H = 8 x 8180 +10 according to Craig (1961) and Craig et al. (1965). To describe the relationship in
surface ocean waters and investigate the potential for palaeoceanographic applications, Rohling (2007) correlated measured
5180 and 82H of sampled-surface ocean waters_(top 250 m). We updated the dataset of Rohling (2007) with data from the
Waterisotope Database (2022) managed by Dr. G. Bowen (University of Utah) and published data from Gould et al. (2019),
Weiss et al. (2019a) and Srivastavaetal. (2010) (Fig. S2--S3). This extended seawaterisotope dataset contains 1550 datapoints

from all water depths, not limited to the top 250 or 300 m, from the open—ocean: with-thefollowingfit and-arootmeansquare
oo 002t

8 Hgy = 6.58 (£0.07) x §80g,, —0.12 (£0.03) (R? = 0.82;RMSE = 3%0) @)
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We will refer to this correlation asmodern open—-ocean water line (MOOWL). The relationship between the hydrogen isotopic

composition of the surface seawater and the measured salinity in the modern open—ocean is based on the top 300 m water

depth, 424903 datapoints are obtained from the extended_seawater isotope dataset:
8 *Hgy = 3.53 (£0.10) x § —122.57 (+£3.52) (R?* = 0.66;RMSE = 0.8 psu) )

Finally, the oxygen isotopic composition of the surface seawater (top 300 m) and the salinity were correlated based on 5602

datapoints:

504, = 0.52 (£0.01) x S —18.02 (+0.18) (R? = 0.64;RMSE = 0.8 psu) (3)

2.5 Calculation of Past Seawater Isotopes
2.5.1 Bottom Seawater

The oxygen isotopic composition of foraminifera-{6*0) depends mainly on the temperature of calcification (T) and isotope
ratio of the water. (§**0sw)McCrea (1950) published the first laboratory oxygen—-isotope paleotemperature equation which
was subsequently revised and extended to different calcite polymorphsseurces and foraminifera species (e.g. Bemis et al.,
1998; Crameretal.,2011; Epstein etal.,1953; Lynch-Stieglitz et al., 1999; Mulitza et al.,2003; O’Neil etal., 1969; Shackleton,

1974; Spero et al., 2003). The relationship can be described as the following, where d is the slope and c is the intercept:
T=c+dx(6"%0,m —6®0sy) @

This relationship is used. in combination with temperature proxies, to reconstruct past 8'8Osw values usingtemperature proxies

and,subsequently, obtain salinity estimations using the §'8Osw —salinity relationship (Lamy etal., 2002; Pearson, 2012; Tang

and Stott,1993; Ganssen et al., 2011). The most relevant paleotemperature equation for benthic fora minifera is currently from
Lynch-Stieglitz et al. (1999), adjusted to V=SMOW by Crameretal. (2011), where— Fthe 8'80—paleotemperature relationship

is estimated with the in field calibration of in-situ-benthic foraminifera from the genera Cibicidoides and Planulina (Lynch-
Stieglitz et al., 1999). Uvigerina genera §'80 values are corrected to Cibicidoides and Planulina §'80 values Recentstudies

adjustdataofothergeneratofitwith-those(e.g. Crameretal., 2009,2011). We adjusted the oxygen isotope ratios of Uvigerina
in this study by 0.64%._to fit with Cibicidoidesand Planulina §'®Ovalues (i.e.; Shackleton, 1974), these can be used, for the

5180gsw reconstruction. Important to note is that 58Osw is always measured on the V-SMOW scale, whereas calcite is
standardized to V=PDB. The accepted value to convert V-PDB into V=SMOW at the time of Eq. (54) (Crameretal., 2011) is
0.27%o.

T =16.1—4.76  (§'80,00m — (68045, — 0.27)) (5)
Rearranged to 580gsw:

-16.1+4.76X880 foram+T

58044, = — +0.27 o ©6)




200

205

210

215

220

225

2.5.2. Surface Seawater

To estimate the surface 52Hssw signalfrom the measured hydrogen isotopic composition of alkenones, we used the suspended
organic matter calibration (SPOM) from Gould et al. (2019, reduced dataset):

8 2Heyy = 1.48 (£0.4) X 8 2Hygy — 199 (£3) (R? = 0.2; RSME = 5.8%p0) )

The environmental 32Hca7 — 8Hssw calibration from Gould etal. (2019) is based on alkenones from mainly open—-ocean Group

111 haptophytes living in the Atlantic and Pacific ocean, coveringlarge environmentaldifferences such assalinity, temperature,

nutrient concentrationsand light intensity that in turn affect growth rate, for instance. \We-calculated aroot-mean-squareerror

RN a Q0. o h alibration pothereduced-data-seto oitHdetal 019

An alternative environmental calibration is the sediment core_-top study from Mitsunaga et al. (2022), where they extended
and revised the data of Weiss et al. (2019a)-:

8 2Hpgy = 1.44 (£0.13) X 8 2H,g, — 191.62 (£1.13) (R? = 0.61; RSME = 7%0) )

3 Results and Discussion
3.1 Reconstruction of bottom seawater isotopes based on foraminifera

The oxygen-isotopes-5180 values of benthic Uvigerina in ODP core 1235 ranges between 4.15%o to 2.27%o (Fig. 1). Between
40 to 27 ka, the 8'80soram is relatively stable with values between 3.13 to 3.96%o, followed by a decrease towards_a value of
2.27%o at25 ka.Between 25 and 20 ka, the §*8Osoram signal is morepositivehigher with values of 3.7-4.15%o and rapidly shifts
by 1.6%0 toil values of 2.27%o in the uppermost sample. This record is consistent with ODP core 1234, showing a negative
isotope shift from the A LGM to 1 ka-shift of ca. 1.7%o in the 8180 values of Uvigerina (de Bar et al., 2018).

To reconstruct 8'80gsw, we need to reconstruct bottom water temperatures, which unfortunately, we were not able to do. To

obtain some indications of temperature change, we used published SST records from the same core. The organic SST proxy

U3K7' measured in this core (from Varma etal., 2023)indicatesa temperaturerange of 11.9 °C to 16.9 °C, with relatively stable
temperaturesbetween 19 and 40 ka of ca. 13 °C and an increase of ca. 4 °C until 7 ka, afterwhich it remained relatively stable

(Fig. 1). The TEXHge (from VVarma etal., 2023) revealstemperatures between 10.3 and 15.9 °C and a similar increaseincreasing

trend of 45°C from 20 ka till ca. 1 ka. Thus, both proxies indicate a LGM to recent temperature change of ca. 4 °C, consistent
with SST proxy records from ODP core 1234 which also showed a temperature change of 4 °C from 20 ka till ca.1 ka for both

TEXHgsand UK, respectively (de Bar et al., 2018).
Adkins etal. (2002, 2001) suggested a similar bottom watertemperature change of 4 °C for the Pacific, Southern, and Atlantic

deep oceans, and thus we assume a similar temperature change for the bottom water as reconstructed for the surface water.

Combined with the 5180 values of Uvigerina this translates to a negative 6'8Ogsw shift of 0.8 +0.2%._(averaged values with
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standard deviation of forODP 1235 and 1234 and a temperature error of +1°C) from LGM to 1 ka using Eq. (6). This 580gsw
shift subsequently translates, accordingtousing the modern open—ocean 3'80sw — §2Hsw relationship described in Eq. (1)_and

considering the error of the slope, to an §2Hpsw shift ofca~-5.5 £1.8%o for bottom waters{Fable1). This is similar to the values

reported by Schrag et al. (2002), who measured oxygen and hydrogen isotopes of pore fluid from deep-sea sediments in the
Southern and Northern Atlantic Ocean and observed a negative shift in A§'80gsw 0f 0.7-1.1%0 and A3?Hgsw 0f 6-9%o during
the last deglaciation.

3.2 Reconstruction of surface seawater isotopes based on alkenones

The 82Hcs; values in core ODP 1235 ranges between -193%o to -169%o (Fig. 2). Between 40 ka and 25 ka the stable isotope

ratio is relatively stableatca.-180%o; then increases to -169%o and decreases again to -173%oatthe LGM (ca.20 ka)and down
tothe more negative value of -193%o, in the most recent sample. This record compareswell, both in trend aswell asin absolute

values, with that of the previously published 52Hs; record of ODP 1234 (Weiss etal., 2019a; Fig. 2), confirming that the trends

in 32Hcs7 happened ona regional scale. If we calculate the overall shift from the LGM (21 ka)to the most recent sample, then

both records show a shift in §2Hca7 of -20 £3%o._(error_indicates replicate analysis error). Published §2Hcs7 atkenene-records

from Late Quaternary sediment cores -(Kasper et al., 2014; Pahnke et al., 2007; Petrick et al., 2015; Simon et al., 2015 and
Weiss et al., 2019b) report 62Hcs7 shifts which are very similar in magnitude (see overview in Table 1) and average -20
+322+5%o, for the last deglaciation. This suggests—indicating that thisshift in hydrogen isotopic composition of Cz7 alkenones
is globallysurprisinglyquite similar in magnitude fordifferent oceans, despite the large differences in oceanographic settings.

Since Mix etal. (2003) observed the dominance of the open—-ocean species E. huxleyi coccoliths in ODP 1234 and Hagino et
al. (2004, 2006) and Menschel et al. (2016) showed that the dominantalkenone produceron the west coast of South America
is the Group 111 haptophyte E. huxleyi, it is most likely that alkenones in both cores reflect an open—-ocean Group |11 haptophyte
signal._-We can therefore apply the SPOM calibration of Gould et al. (2019) (Eq. 7) to estimate the hydrogen isotopic
composition of the seawater from the 2Hca7. The resulting record (Fig. 2) shows a §2Hssw value of ca. 4% for the uppermost
sampleand ca. 18%o for the LGM for ODP 1235 (Table 1). Conversion of the shift in §2Hcz7 of -20 #3%o into A5?Hssw, using

the calibration of Gould et al. (2019) and considering the error in the slope of that calibration, results in a shift of -14 +4 %o

from LGM to the most recent sample. Application of the core—top calibration from Mitsunaga et al. (2022) (Eqg. 8) gives an

identical change of -14 +3%o.
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Figure 2: (a) Hydrogen isotope records of_Csz alkenones of ODP 1235, blue diamonds and neighbouring ODP 1234 (Weiss et al., 2019),
green circles, both from the Chilean Margin. The shading represents the standard deviation of duplicate isotope measurements. Also shown
are 32H values of surface seawater calculated using Gould et al. (2019). (b) 3*°0 of Uvigerina from ODP 1235 in blue with diamonds, error
bars indicate standard deviation. The green line shows the Spt average 80 of benthic foraminifera from ODP 1234 (from de Bar et al.,

2019). Published organic proxy reconstructions are shown in (c) with TEX"gsand (d) U§7' index. SST data from ODP 1234 are from de Bar
et al. (2019) —and-frem ODP 1235 from Varma et al. (2023underrevision).

3.3 Comparison of seawater isotopes and paleo salinity implications

The reconstructed A5*Hssw of ca. -14%. from Cz7 alkenones s higher than that inferred from the benthic foraminifera isotopes
(ca. -5%4%o0) and measured in pore fluids (Schrag etal., 2002), implying that the isotopic composition of the sea surface water
experienced a larger change during the last deglaciation compared to the bottom water isotope composition at the Chilean

Margin. Potentially, we underestimated the change in the latter due to a lack of reconstructed bottom water temperatures.

However, sensitivity analysis shows that even with much smaller bottom water temperature changes than used here, the

maagnitude of §2Hgsw change will still be lower than that of §2Hssw. For example.in the unlikely scenario thatbottom water

temperatures have remained constant, the maximum change of A818O0gsw is still only -1.6 +0.2%o. or -10.6 +2%0 of A&2Hgsw.
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Thus, it seems likely thatatthe Chilean Margin the glacial-interglacial change in surface water isotopes was larger than that

of bottom waterisotopes. The large regional change in §2Hssw could be due to changes in local climate resulting in increased

precipitation and/ordecreased evaporation or increased freshwater runoff, forinstance. Both cores, ODP 1235and ODP 1234,
are located within the Chile—Peru upwelling system and nearto two majorriver mouths Rio Biobio and Rio Itata, both draining
large basins (Muratli etal., 2010a). However, de Bar etal. (2018) observed no majorchange in the contribution of terrestrially
derived biomarkerconcentrationsand in proxies for river transported material like the BIT index (Hopmanset al., 2016) and
the C32 1,15-diol index (de Baret al., 2016, Lattaud et al., 2017a, b).

To reconstruct salinity change we applied the modern open—ocean §?Hsw-salinity and §'8Osw-—salinity relationships (Eq. 2_and

3; based on data from 0-300 meterdepth). The bottom water A3'8Opsw based on measured benthic foraminifera 3180 values,

translate using Eq. (3) and considering the error in the slope, to a change in bottom watersalinity of 1 #0.2 psu, andare in line

with earlier estimations based on oxygen isotopesand sea level reconstructions (e.g. Adkins et al., 2002; Duplessy et al., 2002;
Obaet al., 2004; Waelbroeck etal., 2002). The A82Hssw of ca. -14%o, based on §2Hca7, translates using Eq. (2) and considering

the error in the slope, to a regional salinity change of ca. 3 +1 psu, a larger reconstructed change-in-salinity than for bottom

waters, butsimilar to the estimate of Lamy etal. (2002) who reconstructed a sea surface paleosalinity shift from 36 to 33 psu
during the last 8 ka based on 5180 of planktic foraminifera for the southern Chilean Margin core ODP 1233. The observed
freshening in the surface watersrelative to bottom waters may be due to a stronger input in relatively low salinity waters from
the Southern Ocean (ACC/PCC) and/ormore transport of low salinity Chilean Fjord Water (CFW) that,asa result of higher

temperatures and intensifying continental meltwater input, resulted in even lower salinity surface water at the study site.

3.4 Global distribution of hydrogen isotope changes during last deglaciation

To examine the global distribution of hydrogen isotopes during the last deglaciation we compare the two Chilean Margin

records to published global alkenone hydrogen isotope records (Table 1). These comprise five low to mid —latitude records of

which four show a neqgative glacial-interglacial shift while the record from the Mozambique Channel of Kasper et al., (2015)

reflects a positive change. The lattermay be due to the close location to the river mouth, with varying freshwater input during

the last 20 kyrs, and therefore this record is not further considered here. If we calculate §*Hssw from the remaining four

published 3?Hcs7 records and compare this to our record, we find a remarkably similar negative shift from LGM to Recent in

the 82Hssw between 11-17%. for different parts of the globe (Table 1), suggesting there might be a global aspect to this

relatively large negative glacial-interglacial shift in-sea- surface seawater hydrogen isotope composition. This shift is larger
i (e.g. Schragetal., 2002).

There could be several reasons for this globally observed similar change in surface water hydrogen isotop ic composition. For

than the shift inferred for bottom seawaters-¢

example, increasing average global temperatures during the deglaciation could have intensified the hydrological cycle leading
to high precipitation rates and runoff (including meltwater) in many places across the globe, at least around South America

and South Africa where most records originate from. This increased freshening of surface watersmay have led to an additional
depletion in 2H compared to those of bottom waters.—Furthermore -the salinity?H relationship-in-surface waters might have
11
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Another

reason could be a change in the global waterline between the glacial and interglacial, where the slope of the §2H-§180

relationship changed for the surface waters. Rohling et al., (2007) showed, for example, that the §180-82H relationship of the
evaporative Mediterranean is significantly different from that of the modern open-ocean and demonstratedthe influence ofa

Putman et al. (2019) suggested that hydroclimate

processes are important controlson the slope and intercept of local meteoric water-lines. Surface waters may be more sensitive

to changes in the §180—§2H relationship due to their direct atmosphere connection in contrast to bottom waters. Stfacewaters

To verify these assumptions, further application of 32Hcs; analyses of sediment cores at different open—-ocean locations and

combined 8180 foraminifera analyses or pore fluid oxygen and hydrogen isotope reconstructions (Schrag et al., 2002) are
needed to study the past meteoric-open—ocean waterline-ofsurface-and-bottom-waters. Extending our understanding of the
(past) relationship of seawater isotopes and salinity could help to understand and reconstruct ocean currentand ocean mixing

processes.

Table 1: Comparison of the seawater isotope changes between the Last Glacial Maximum (21 ka) to Recent for different sediment cores.
Calculated hydrogen isotopic composition of seawater is based on SPOM calibration (Gould et al., 2019) and sediment core top calibration
(Mitsunaga et al., 2022). Oxyqgen isotopes of the bottom seawater are calculated with Cramer et al. (2011) and a temperature change estimate
of 4 °C. For Petrick et al. (2015) a bottom water temperature change of 2 °C is estimated based on the SST data from that record.

Recent LGM Difference LGM-Recent
Core Location Source Age  &Hewr  8Hssw &*Hssw Age  §Hew  6Hssw & Hssw A§?Hear AB*Hezw ASHzsw
(ka) (%) (%) (%a) (ka) (%0) (%) (%) (%0) (%) (%)
SPOM Core top SPOM Core top SPOM Core top
JpC32 Panama Basin Pahnke st al (2007) 03 -221 -15 -20 211 -198 1 -4 -23 -16 -16
Southern South
MDO02-2594 Africa Kagper et al. (2014) 35 -192 5 0 211 -173 18 13 -19 -13 -13
Mozambique
164PE304-80 channel Kagper et al. (2015) 0.8 -189 7 2 213 -196 2 -3 7 5 6
ODP 1087 Southwest Africa  Petrick et al. (2015) 2.7 -205 -4 -9 231 -180 13 8 -25 -17 -17
CD154 10-06P Southeast Africa Simon et al. (2015) 2 -195 3 -2 20.1 -179 14 a -16 -11 -11
ODP 1234 Chilean Margin Weiss et al_ (2019) 1 -195 3 -2 201 -176 16 11 -19 -13 -13
ODP 1235 Chilean Margin This study 11 -193 4 -1 206 -173 18 13 -20 -14 -14
Age B8 0z0ram (%0) Age 8150 oram (%0) A8 0% ASOBsw  A8'Hpsw
(ka) (ka) (%) (%) (%)
ODP 1234 Chilean Margin Weiss et al_ (2019) 0.78 33 201 5 -1.7 -0.9 -62
ODP 1235 Chilean Margin This study 09 23 20.56 3.8 -15 -0.7 -4.8
ODP 1087 Southwest Africa  Petrick et al. (2015) 1.6 27 211 4 -13 -0.9 -62
Lisiecki and Raymo
LRO4 stack Global (2005) 1] 32 20 5 -1.8 -1 -6.8
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4 Conclusion

The ODP 1235 sediment record shows a-similar large shiftin §°Hcs7 during the last deglaciation atthe Chilean Margin similar
to the-asobservation reported in Weiss et al. (2019) for nearby core site ODP 1234, demonstratingthat the shift is regionally
consistent. The hydrogen isotope ratios of alkenones are thus a reproducible paleo proxy for relative changes in §2Hssw and
likely suggests changes in the salinity of the surface water. The reconstructed glacial-interglacial change in the hydrogen
isotopes isotopic composition of surface sea-water is ca. -14%o,independentof calibration using either the Gould et al. (2019)
or Mitsunaga et al. (2022) calibration. In contrast, the change in hydrogen isotopic composition of the bottom seawater

reconstructed with the oxygen isotopice signature of benthic foraminifera was only ca. A3*H.= -5%0+1%,. This-indicatesa

—Possibly more
freshening of the surface waters or a change in the slope of the modern §180-§2H open—ocean waterline of took place. Further

application of 82Hcs7 analyses combined with 3180 foraminifera analyses or pore fluid oxygen and hydrogen isotope
reconstructions may improve ourfpicture understanding of the past ocean seawater isotopic composition and salinity changes

between surface and bottom water.
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