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Abstract Stable barium isotopes are a potential proxy for riverine inputs into the ocean that reflect
monsoon variability and climate change. However, dissolved Ba isotope (8'**Ba,, ) geochemistry in river
estuaries, a dynamic land to ocean transition zone, has rarely been systematically examined to date. Here,
we show that significant Ba isotope fractionation occurs at near-zero salinities in the Yangtze and Pearl
River Estuary, whereas conservative mixing dominates 8'3*Ba, , distributions beyond low salinities, which
are well predicted by an ion exchange model. Elevated §'*Ba_, in the river endmember results from
preferential removal of light Ba isotopes by adsorption to fluvial particles. Subsequently, §'*Ba, , rapidly
drops to minimum signatures at increased salinities indicating particle desorption of isotopically light Ba.
Nevertheless, the apparently conservative §'*Ba_ , -salinity relationship beyond the low-salinity minimum
in both estuaries provides a modern calibration for using Ba isotopes as a proxy for paleosalinity and river
water inputs into the ocean.

Plain Language Summary Barium is a nutrient-type trace element in the ocean and has
been widely used for tracing circulation, biological productivity, and land-ocean interactions. Riverine
input is the largest source of oceanic Ba but the Ba properties of this input can be altered during transport
along river estuaries. The recent development of stable Ba isotope measurements provides a novel tool to
investigate the geochemical behavior of Ba during estuarine mixing between river water and seawater. We
thus systematically investigated the dissolved Ba isotope distributions along the entire salinity gradient

in two Asian large river estuaries. We found that significant Ba isotope fractionation occurs at near-zero
salinities in the Yangtze and Pearl River Estuary, which mainly results from particle adsorption-desorption
processes. This fractionation substantially alters the original Ba properties of the river water endmember
and significantly affects the global ocean Ba mass balance. Beyond low salinities of both estuaries,
however, Ba isotopes and salinity show a conservative relationship predominantly controlled by water
mass mixing. This is an important calibration for using stable Ba isotopes as a proxy for past sea surface
salinity under the influence of large river plumes, which reflects the variability of precipitation and the
impact of climate change.

1. Introduction

Accurate reconstruction of changes in precipitation on the continents via sea surface salinity in the ad-
jacent ocean is of great importance to understand the monsoon system and assess the impacts of climate
change. The barium to calcium (Ba/Ca) ratio recorded by marine calcifiers such as planktonic foraminifera
and corals is widely used as a quantitative proxy for paleosalinity in the proximity to large river plumes
significantly enriched in Ba at low salinities, and has been linked to climate-driven changes in monsoon
intensity and land-sea interactions (Gebregiorgis et al., 2016; Lewis et al., 2018; Tanzil et al., 2019; Weldeab
et al., 2007, 2011, 2014). Because Ca, a major element in carbonate archives, is normally conservative in
estuaries, this approach is mainly based on the unique behavior of Ba during estuarine mixing.
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Generally, dissolved barium concentrations (DBa) in estuaries show a consistent two-stage distribution pat-
tern: a marked increase is observed between zero salinity (DBa_, _ ) and a concentration maximum (DBa,_, )
at low salinities of 5-10, followed by a linear decrease with increasing salinity toward 33-35 in coastal envi-
ronments (Edmond et al., 1985; Guay & Falkner, 1998; Joung & Shiller, 2014). Extrapolation of the latter to
zero salinity defines the effective river water endmember concentration (DBa,; Coffey et al., 1997), which is
significantly higher than DBa_, _ , and generally ascribed to adsorption of Ba to suspended fluvial particles
(Hanor & Chan, 1977; Samanta & Dalai, 2016). Subsequent salinity-induced desorption controls the DBa,_
signatures but their peak values and corresponding salinity vary among estuaries (Coffey et al., 1997; Guay
& Falkner, 1998; Joung & Shiller, 2014).

Beyond DBa__, the clear negative DBa-salinity linear relationship suggests that conservative mixing domi-
nates surface DBa concentrations that have thus been applied to trace present and past riverine inputs into
the ocean (Gebregiorgis et al., 2016; Guay & Falkner, 1997; Lewis et al., 2018; Samanta & Dalai, 2016; Tanzil
et al., 2019; Weldeab et al., 2007, 2011, 2014). The exact mechanisms controlling DBa dynamics and DBa_,_
during estuarine mixing are, however, not fully constrained (Colbert & McManus, 2005; Hong et al., 2018;
Moore, 1997). Moreover, the reliability of the Ba/Ca ratio as a tracer of past freshwater discharge is still
under debate because deviations from the conservative DBa-salinity relationship and seasonal variability of
the linear regression pattern at high salinities have been observed in some estuaries (Joung & Shiller, 2014;
Stecher & Kogut, 1999).

Inspired by the pioneering study of von Allmen et al. (2010), recent measurements of stable Ba isotopic
compositions of seawater and river waters (8'**Ba,, ; Bates et al., 2017; Bridgestock et al., 2018, 2021; Cao,
Li, et al., 2020; Cao, Siebert, et al., 2020; Geyman et al., 2019; Gou et al., 2020; Hemsing et al., 2018; Horner
et al., 2015; Hsieh & Henderson, 2017; Pretet et al., 2016) have provided a new avenue to better understand
the biogeochemistry of Ba in river estuaries. These studies have shown that major rivers are generally char-
acterized by relatively light 8'**Ba, signatures (0.2%0-0.3%o on average), reflecting dissolution of litho-
genic material, whereas surface seawater shows significantly heavier 6'**Ba, . signatures (around 0.6%o)
due to preferential removal of light Ba isotopes from the dissolved phase via adsorption to or incorporation
into particulate phases. However, to date there are few complete views of Ba isotope distributions along the
entire salinity gradient in estuaries. To elucidate the geochemical processes controlling Ba isotopes during
estuarine mixing and their potential as a new proxy for precipitation on land, we systematically examine the
factors controlling surface §'*Ba_, in two of the world’s largest river estuaries, the Yangtze and Pearl River
Estuary (YRE and PRE, respectively; Figure 1; Table S1) during different seasons. To support our data in-
terpretation, an ion-exchange model is applied to simulate '*Ba_, distributions and constrain Ba isotope
fractionation during particle adsorption-desorption in estuarine environments.

Our findings show that measured 5'**Ba,;, signatures at zero salinity in both estuaries are elevated, mainly
as a result of preferential adsorption of light Ba isotopes to fluvial particles. At slightly increased salinities
corresponding to DBa,_, concentrations, we infer that desorption of isotopically light Ba from suspended
particles induces a “drop” of 6**Ba,,,,. Toward the open ocean endmember, conservative two-endmember
mixing between low-salinity waters at DBa_, and seawater can fully explain the 6**Ba,, -salinity rela-
tionship. Our results improve the understanding of Ba isotope geochemistry in river estuaries and of the
connection between the oceanic and terrestrial Ba cycles, which is crucial for the quantification of present
and past riverine inputs and the current Ba mass balance in the ocean.

2. Methods
2.1. BaIsotope Analyses

Ba isotopic compositions (8!*Ba = [(}3¥Ba/ 134Ba)mmple/(l38Ba/ 134Ba) . qarg—11%1000, in %o) were measured
at Xiamen University following the method in Cao, Siebert, et al. (2020), which consists of double spiking,
ion-exchange chromatography, and analysis by MC-ICP-MS. The external reproducibility for the replicate
measurements of an in-house seawater matrix standard was +0.05%. (2SD, N = 13). Our '3®Ba measure-
ments of the GEOTRACES SAFe seawater reference material (surface: +0.62 + 0.04%o, 2SD, N = 2 and
deep: +0.28 + 0.09%o0, 2SD, N = 2) are within error identical to those reported by three other labs (Geyman
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Figure 1. Sampling sites in the Yangtze and Pearl River Estuary and adjacent shelf areas. (a) Location of the two estuaries; (b and c) Stations in the Yangtze
River Estuary and East China Sea shelf in August 2019 and March 2015, respectively; (d and e) Stations in the Pearl River Estuary and South China Sea shelf in
July 2015 and January 2017, respectively. Maps were created with ODV (Schlitzer, 2021).

et al., 2019; Hsieh & Henderson, 2017; Yu et al., 2020). Details of the Ba isotope analyses are provided in the
Supporting Information S1.

2.2. Ion Exchange Model

During estuarine mixing Ba adsorbed to suspended fluvial particles is replaced by dissolved major cations
including Mg and Ca due to similar physicochemical properties of alkaline(-earth) metals. Ion exchange
expressions were thus used to develop a predictive model as shown in Hanor and Chan (1977). We extended
this model to predict surface 5'**Ba, . distributions in estuaries by simultaneously calculating dissolved
138Ba and !**Ba concentrations. Various concentrations and isotopic compositions of exchangeable Ba on
suspended fluvial particles were tested and assigned in the model. Details of the ion exchange model are
provided in the Supporting Information S1.

3. Results and Discussion
3.1. Surface DBa Distributions

Our new DBa concentration data confirm the distribution pattern generally observed in large river estu-
aries (Edmond et al., 1985; Guay & Falkner, 1998; Joung & Shiller, 2014). In the YRE, surface DBa and
salinity show a significant negative linear relationship at salinities >4.6 in summer (August 2019; R* = 0.97,
P < 0.0001, N = 16) and >7.5 in spring (March 2015; R? = 0.97, P < 0.0001, N = 7), demonstrating conserv-
ative estuarine mixing beyond low salinities. The DBa_,_is distinct around 490 nmol kg~! in summer but
could not be defined in spring, likely due to poor sampling resolution. By extrapolating the DBa-salinity
linear regressions to zero salinity, DBa_; concentrations of 565 and 450 nmol kg™ are obtained, which are
markedly higher than the corresponding DBa, _ ;, particularly in the former case (Figures 2a and 2c). A
DBa, of 525 nmol kg™ at zero salinity and a DBa_, of 370 nmol kg™ at a salinity of 12 were previously
reported for the YRE in summer (June 1980), during which a broad DBa plateau was observed from the river
endmember to the location of the DBa,__(Figure S1; Edmond et al., 1985).
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In the PRE, highly significant negative DBa-salinity correlations are also observed at surface salinities >2.2
in summer (July 2015; R? = 0.98, P < 0.0001, N = 21) and >5.2 in winter (January 2017; R* = 0.97, P < 0.0001,
N = 15) indicating conservative estuarine mixing beyond a DBa___ of 220 and 235 nmol kg™, respectively.
DBa,; concentrations at zero salinity, estimated at 235 and 265 nmol kg™!, are also markedly higher than
the corresponding DBa_ _ . Unlike the YRE, however, the PRE shows only minor seasonal variation in
DBa distributions as well as comparable linear regression patterns beyond low salinities and in both DBa
and DBa,_; values (Figures 2e and 2g). Nevertheless, both river estuaries are characterized by conservative
two-endmember mixing of DBa concentrations between low-salinity waters at DBa_ _and seawater.

3.2. Surface §'*Ba, Distributions

Based on the observed distributions of DBa concentrations we predict conservative mixing of dissolved
Ba isotopes using the seawater endmember in the offshore East and South China Sea (low DBa and
heavy 8'**Ba,, ; Cao, Siebert, et al., 2020) and the low-salinity water endmember (high DBa_, and light
81%Ba . ...; Supporting Information S1). Overall, field §'*Ba, . data collected beyond DBa_, in both the
YRE (above a salinity of 7.5 in spring) and PRE are consistent with conservative mixing predictions (Fig-
ures 2b, 2d, 2f, and 2h), suggesting that two-endmember mixing alone explains both elemental and isotopic
behavior of Ba beyond low salinities. This feature has also been observed in the Amazon, Fly, and Johor
River Estuary (Bridgestock et al., 2021).

The effective Ba isotopic composition of river water endmembers (8'*Ba, ;. ), defined by extrapolation
of the mixing-controlled 8'**Ba,, -salinity relationship to zero salinity, are within error indistinguishable
from the corresponding §'*Ba,,,. _ (0.1%0-0.2%o) in both the YRE and PRE. However, most field §'**Ba,
signatures at zero salinity (5138B5DBa «al = o> UP t0 0.3%0-0.4%o) in both estuaries are markedly heavier than
the estimated 6'**Ba,, . (Figures 2b, 2d, 2f, and 2h), implying fractionation of Ba isotopes in river waters.

The contrasting behavior of Ba isotopes below and above DBa___is also indicated by the '**Ba,, -1/DBa
plots (Figure S2). A highly significant positive linear relationship is observed in both the YRE (R? = 0.94
and 0.99, P < 0.0001 and < 0.0001, N = 16 and 7, in August 2019 and March 2015, respectively) and PRE
(R>=0.89and 0.89, P < 0.0001 and < 0.0001, N = 21 and 15, in July 2015 and January 2017, respectively) for
data collected beyond low salinities. This confirms the two-endmember mixing of highly fractionated sea-
water and low-salinity water with lightest 6'**Ba_, signatures. In contrast, most data points from samples
close to zero salinity clearly plot above the linear regression in both estuaries (Figure S2), pointing to the
role of other processes controlling the Ba isotopic signature of inputs from the drainage basin.

‘We, therefore, measured the 5138Bamaa of upstream freshwater samples of the Yangtze and Pearl River. While
31%¥Ba,,,. varies over a range of 0.1%0-0.3%. during all four seasons in the Yangtze River, 6"**Ba,, of —0.1%o
to 0.2%o is slightly lower in winter and spring in the Pearl River (Table S2). These 6'**Ba,,, signatures are
overall lighter than 8'**Ba,, . _ determined in both estuaries, indicating modification of the original Ba
isotopic composition of upstream freshwater during discharge into these estuaries.

3.3. Control of Particle Adsorption-Desorption

We suggest that adsorption to suspended fluvial particles lowers DBa concentrations (Hanor & Chan, 1977;
Samanta & Dalai, 2016) and raises 6**Ba,,,, signatures of the river endmember in the estuaries (Bridgestock

Figure 2. Distributions of surface DBa, §'3¥Ba

August 2019; (c and d) in March 2015;

bpa» aNd barite saturation state along the estuarine salinity gradient. (a and b) Yangtze River Estuary (YRE) in
(e and f) Pearl River Estuary in July 2015; (g and h) in January 2017. In (a, c, e, and g), the solid lines and equations

indicate the linear DBa-salinity regression fitted to the data points denoted by circles. Their extrapolation to zero salinity yields the effective DBa concentration

(DBa,) of riverine inputs to the ocean

. The intersect of dashed lines predicts the DBa maximum concentration (DBa_, ) at low salinities, which was not

calculated for the YRE in spring due to absent data. In (b, d, f, and h), the solid color lines predict the two-endmember mixing for 5138BaDBa between the low-
salinity water at DBa_, (or the water mass at a salinity of 7.5 in the YRE in spring) and seawater; their extrapolation to zero salinity predicts the effective

riverine DBa isotopic composition (§'3¥Ba

pEa oft)- Dashed gray lines above and below indicate the error margin deduced from the uncertainty in estimating

endmember values, which corresponds to a long-term external reproducibility for Ba isotope analyses of 0.05%.. The intersect of dashed color lines predicts the

isotopic composition of DBa,,_(8'**Ba
indicate barite saturation state = 1.

pBa_may) At low salinities, which was not calculated for the YRE in spring due to absent data. In (i and j), the solid lines
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Figure 3. Distributions of surface exchangeable PBa and 5'*Ba,, in the Pearl River Estuary in January 2017.

(a) 8"**Ba,,, versus 6"**Ba,,. in the river endmember; (b) Exchangeable PBa and total suspended matter (TSM)

distributions along the salinity gradient.

et al., 2021; Gou et al., 2020). This DBa removal is unlikely to result from barite precipitation due to un-
dersaturation (i.e., barite saturation state <1) at zero salinity in both the YRE and PRE (Figures 2i and 2j;
Table S1). Using the deduced DBa,; and 3'**Ba, . . as initial values and applying the field DBa_, _, and
3'%¥Bay,. .. _, in both Rayleigh and steady-state fractionation models (Supporting Information S1), the
estimated fractionation factor of Ba isotopes (1*%) during particle adsorption averages —0.23 + 0.06 (August
2019) and —0.77 + 0.20%0 (March 2015) in the YRE and —0.45 + 0.10 (July 2015) and —0.52 =+ 0.07%o (Jan-
uary 2017) in the PRE (Table S3). Values of *¢ for the YRE vary seasonally. The higher value obtained in
spring is mainly a consequence of the lower DBa,_, estimate, which may be compromised by the lack of data
for surface waters at salinities of 0-7.5 (Figure 2c). The lower value obtained in summer agrees well with
the estimated isotope fractionation during the adsorption of Ba to particles in the Amazon, Fly, and Johor
River Estuary (Bridgestock et al., 2021).

This adsorptive fractionation process in estuaries is supported by the light Ba isotopic composition (0.1%o
on average) of exchangeable particulate phases in surface water suspended particles (Table S4) collected in
the PRE river endmember in January 2017 (Figure 3a). As a first-order estimate, the apparent fractionation
factor A'**Ba, given by “6'**Ba,, —6"**Ba,,,,” varies between —0.5%o and —0.1%. and is within error compa-
rable to or slightly smaller than the 3 reported above.

In addition to river systems such as the middle Yellow River (Gou et al., 2020), adsorption-induced enrich-
ment of lighter Ba isotopes in the particulate phase has also been observed in soils (Gong et al., 2019) and in
seawater (Cao et al., 2016; Cao, Li, et al., 2020). In the latter case, 3% values of —0.4%o to —0.5%o, consistent
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with those for the PRE, were obtained in the euphotic zone of the offshore South China Sea. However,
van Zuilen, Miiller, et al. (2016) showed an opposite direction of Ba isotope fractionation with heavier Ba
isotopes being preferentially adsorbed to the surface of silica hydrogel (A138Bagel_Solthion ~+0.1%0 to +0.3%o).
This contrasting behavior may result from the difference in mineral structure between particles in natural
environments and silica hydrogel under laboratory conditions (Gong et al., 2019; Gou et al., 2020). The ex-
act mechanisms by which Ba is isotopically fractionated during particle adsorption are, however, currently
unknown and need future investigations.

Another possible explanation for elevated §'**Ba_, . _, is the addition of DBa from other water masses
with a distinctly heavier Ba isotope composition. Previous studies have shown that benthic inputs from ei-
ther groundwater discharge or sediments play a role in estuarine Ba dynamics (Colbert & McManus, 2005;
Hong et al., 2018; Joung & Shiller, 2014; Mayfield et al., 2021; Moore, 1997). Given that this influence usu-
ally decreases with increasing distance from the seafloor, we further compared dissolved Ba distributions
in PRE bottom and surface waters in January 2017. Along the entire salinity gradient, data points of both
bottom water DBa concentrations and 8'%*Ba, . signatures plot exactly on the trends defined by surface
water samples (Figures S3a and S3b). For each station, bottom water DBa concentrations are comparable to
or even lower than corresponding surface values, while most 8'**Ba,,,. signatures do not differ between the
two layers (Figures S3c and S3d). This essentially rules out significant benthic influence on Ba dynamics in
the PRE water column.

Note that the PRE is located in one of the most rapidly developing areas of the world and has been altered
significantly by anthropogenic perturbations during the past three decades. We thus measured 5'**Ba_, in
samples of waste waters originating from industry, agriculture, and sanitary sewage in the upper estuary in
May 2016 (Table S5). The '%Ba,, signatures vary from —0.1%o to 0.1%. in the waste waters, which are too

light to account for the heavy 6'**Ba,, . _, observed in the PRE.

DBa concentrations in the YRE vary within a range close to that observed nearly 40 years ago (Figures 2a,
2¢, and S1; Edmond et al., 1985). The newly observed distribution pattern of DBa concentrations along the
entire salinity gradient in both the YRE and PRE, which does not show any pronounced enrichments, is
typical of that for the majority of previously investigated estuaries including relatively pristine ones such as
the Amazon and Fly River Estuary (Bridgestock et al., 2021, and references therein). These lines of evidence
further support insignificant influences of human activities on estuarine Ba dynamics in our study.

Beyond the river endmember in both the YRE and PRE, '*¥Ba, signatures show a rapid decline to the
lightest 6'%*Ba,,;, ., which we infer results from Ba desorption from suspended fluvial particles, thereby
returning isotopically light Ba to the dissolved pool (Bridgestock et al., 2021). Elevated DBa concentrations
corresponding to barite saturation states above 1 at intermediate salinities (Figures 2i and 2j; Table S1)
essentially exclude any significant Ba removal through barite precipitation. In the PRE in January 2017,
exchangeable PBa concentrations also rapidly decrease from zero salinity (15-35 nmol L!) to low salinities
around 5 (1-5 nmol L) and remain close to zero between a salinity of 5 and the open ocean endmember. In
contrast, total suspended matter concentrations are markedly lower in the river endmember (<25 mg L~1)
than at intermediate salinities of 12-22 (the highest value approaches 170 mg L~1) (Figure 3b). Consequently,
particle desorption must rapidly release most of the exchangeable Ba leading to the occurrence of the high-
est DBa_,_and lightest 8'**Ba,, at low salinities (Coffey et al., 1997; Joung & Shiller, 2014), beyond
which this process only plays a minor role in estuarine Ba dynamics.

3.4. Model Simulation

Considering Ba addition via salinity-induced particle desorption, we use an ion exchange model (Hanor &
Chan, 1977) to simulate surface DBa and 6'**Ba, ,, distributions, which overall agree well with field meas-
urements in both the YRE and PRE (Figure 4). The model-derived exchangeable PBa concentrations are
220 + 40 and 120 + 40 nmol L~! for the YRE in August 2019 and for the PRE in January 2017, respectively.
Both values are consistent with estimates of DBa removal via particle adsorption in the river endmember,
which approximate the difference between DBa,; and DBa,, _, and are 240 and 100 nmol kg~ in the two
cases, respectively.

sal =
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Figure 4. Ion exchange model results (lines) versus field measurements (symbols) of surface DBa and 8'**Ba,,,, along the estuarine salinity gradient. (a and b)
Yangtze River Estuary in August 2019; (c and d) Pearl River Estuary in January 2017. DBa simulations test changing exchangeable PBa concentrations; 6"**Ba .
simulations test changing exchangeable 6'**Ba,,,, signatures at an optimized PBa concentration (220 and 120 nmol L for the two cases, respectively). In each
panel, triangles and circles denote data collected before and beyond the DBa maximum concentration estimated based on field observations, respectively.

Moreover, the model clearly generates the DBa, . and 3'**Ba,,,  signals despite the fact that the corre-
sponding salinity values appear slightly lower than our estimates based on discrete sampling (Figure 4). The
model predicts a theoretical exchangeable 6'**Ba,,,,, signature of suspended fluvial particles close to —0.1%o,
which is within error comparable to observations in the Yellow River drainage basin (Gou et al., 2020) and
in the PRE river endmember. This value also points to an apparent A*¥Ba of —0.3%. to —0.5%0 comparable
to the 3% deduced from the fractionation models (Table S3). A few field values deviate from model results,
including relatively low DBa concentrations at salinities of 14.3 and 25.8 in the YRE in August 2019 and
light 6'¥Ba,, signatures at salinities of 20-23.3 in the PRE in January 2017 (Figures 4a and 4d). We contend
that the model is an oversimplification given that assumptions such as an instantaneous equilibrium of ion
exchange is unlikely realistic (Hanor & Chan, 1977). More importantly, the influence of particle adsorp-
tion-desorption substantially decreases beyond DBa, ,_in river estuaries where conservative two-endmem-

ber mixing primarily controls both elemental and isotopic behavior of dissolved Ba.

4. Concluding Remarks

DBa, has been adopted as a more realistic endmember than measured Ba concentrations of river waters
to calculate the riverine flux of Ba to the ocean (Guay & Falkner, 1998; Shaw et al., 1998). Similarly, our
findings of lighter 8'*Ba,, .. than 8"*Ba, _ _, in two of the world's largest river estuaries emphasize
the importance of solution-particle interactions in modifying the Ba properties of river water endmem-
ber, the largest source term of the global oceanic Ba budget (Carter et al., 2020). Employing the decreased
31%Ba, . . value brings the global oceanic Ba isotope mass balance closer to a steady state (Bridgestock
et al., 2021), given that hydrothermal inputs contribute Ba with extremely heavy §'*Ba (1.7 + 0.7%o) to the
ocean (Hsieh et al., 2021).
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The apparently conservative behavior of Ba isotopes beyond DBa __in both the YRE and PRE provides a
prerequisite for using them as a proxy for paleosalinity, potentially opening a new avenue for quantitative
reconstruction of changes in land precipitation and monsoon intensity. Combining the linear regression of
81%Ba,,,.-1/DBa (Figure S2) and DBa-salinity (Figure 2) in the two estuaries, a general salinity calibration

based on 83Ba is achieved, as follows:
K 1 2
Salinity = Lx— 2
5, 6Ba—i 5 1

where s, and s, are the slope values, and i, and i, are the intercept values of the two linear regressions. Note
that the values obtained in this study are season- and/or site-specific (Figures 2 and S2), indicating that a
globally valid calibration is not possible. However, if recorded by carbonate archives with high-temporal
resolution such as coastal corals (Lewis et al., 2018; Liu et al., 2019; Tanzil et al., 2019), these specific con-
servative salinity-8'%Ba , relationships can serve as a basis for the realistic reconstruction of short-term
and regional weather and climate events. The development of a reliable Ba isotope proxy for paleosalinity
requires systematic future investigations of 8!*¥Ba signatures of living calcifiers in the water column and
their carbonate skeletons either deposited in the marine and estuarine sediments or forming coral reefs near
large estuaries.
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