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1 Supporting text

1.1 Assessing the role of floodplain processes on the river dissolved Ba abundance and isotope composition in the

Amazon Basin

As shown by Bouchez et al. (2012) and Dellinger et al. (2015b), the Amazon floodplains are the loci of a range of chemical
reactions thought to influence the chemical and isotope composition of the river dissolved load through the alteration of mineral
and organic phases. In order to identify possible processes involving Ba within the Amazon floodplains, it is possible to compare
the flux of Ba delivered by tributaries upstream from a river reach in the Amazon lowlands where floodplains have developed

with that exported downstream from the same reach:

AFEBe = Fhe —%,FBa (S.1)

1SS diss,down diss,up,i

with AFB4 the shift in river dissolved Ba dissolved flux between X; F.2% up,i (the sum of river dissolved Ba inputs to the

reach from all upstream tributaries 7) and the river dissolved Ba flux downstream from the confluence F' Cﬁg& down- I AFdB;gS is
equal to 0, the flux of dissolved Ba remains unchanged through the floodplains thereby ruling out floodplain-specific processes
affecting Ba. If AF 5 is positive, dissolved Ba is "produced” by the floodplain (e.g. through mineral dissolution or organic

matter remineralization); if AF(E;LS is negative, dissolved Ba is "consumed" by the floodplains (e.g. through the formation of
secondary weathering products such as clays or oxides, or through biological uptake).

Dissolved Ba fluxes are calculated using our own measurements of dissolved Ba concentrations and discharge data from
long-term river monitoring programs. Data and results are provided in Table S.3 for the few reaches where such calculation can
be performed (i.e. where the dissolved Ba concentration and discharge are know for all tributaries contributing to the reach,
and for the river location downstream from the floodplain reach).

The main result of these calculations is the systematic increase of dissolved Ba fluxes from the Andes to the floodplains, in
conjunction with the observed increase in dissolved Ba/Na ratio. We suggest that such relation is driven by the Ba enrichment
from "dilute" tributaries which display the highest dissolved Ba/Na ratios. In any case, this analysis dismisses the role of

floodplains in scavenging dissolved river Ba and driving Ba isotope fractionation across the transition from the Andes to the

plains of the Amazon.

1.2 Gross Primary Production (GPP), Terrestrial Ecosystem Respiration (TER), Mean Annual Precipitation (MAP),

and Mean Annual Temperature (MAP) remote sensing data

Catchment-scale values of Gross Primary Production (GPP) and Terrestrial Ecosystem Respiration (TER) of each Amazon
tributary under investigation were calculated using data from the " FLUXCOM: http://www.fluxcom.org (RS+METEO) Global
Land Carbon Fluxes" data portal (Tramontana et al., 2016; Jung et al., 2019). Catchment-scale MAP and MAT data are derived
from https://www.worldclim.org. Annual GPP, TER, MAP and MAT grids of 0.5 degree resolution over the period 1980 to

2013 were stacked to produce one grid with the mean annual value for each of these parameters.
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1.3 Re-visiting the Amazon river mass and isotope budgets for Li

Using river mass budgets equations, it is possible to compare the chemical and isotope composition of the river dissolved and
solid fluxes with estimates of the supply of material to the Earth surface. Such approach can be applied to reconstruct the
composition of the continental crust subjected to denudation, or to check whether the river mass budgets can be qualified as
being "at equilibrium" Gaillardet et al. (1995). In the present study, the second application is sought for.

Usually, river mass budgets rely on the use of pairs of elements, expressed as concentration ratios (soluble element over an
insoluble element); and the partitioning of isotopes between dissolved and solid compartments during weathering reactions.
Dellinger et al. (2015a) applied such a set of river mass and isotope budget equations to Li. The authors showed that in the
Amazon the sum of the solid and dissolved Li fluxes exported by rivers, and their combined isotope composition as well, can
be accounted for by independent estimate of flux and isotope composition of Li eroded and weathered from rocks. Using the
approach detailed in section 4.5 and Appendix C, we can re-visit the data provided by Dellinger et al. (2015a) and calculate
wﬁums, wki and (Li/Al), (Al being the best insoluble element to normalise Li concentrations in solids; Dellinger et al.,
2015a). As a matter of fact, there are several ways through which river mass budgets can be tested for being at equilibrium
or not. Gaillardet et al. (1999), Dellinger et al. (2015a) solved the set of equilibrium river mass budget equations for the
concentration of sediments in the river. Such "theoretical" or "predicted" sediment concentration would then be required for
the river mass budget to be at equilibrium, and can be compared to a measured sediment concentration. Dellinger et al. (2015a)
reported a good agreement between the predicted and the measured (either using sediment gauging or cosmogenic-nuclides
derived estimates) river sediment concentration throughout the Amazon Basin, thus arguing in favor of an equilibrated river
mass budget for Li and its isotopes in the Amazon.

Here, we re-visit this dataset using the framework developed in Appendix C for Ba but applied it to Li. We emphasize that

this analysis simply consists in a reformulation of that previously used by Dellinger et al. (2015a). Following the same rationale

as that developed in Appendix C (egs. C1 to C6), the Li river mass budget is at equilibrium if:

1= (Li/Al), +w" (8.2)

with (Li/Al),, the Li/Al ratio of river sediment normalised to the same ratio for the Upper Continental Crust ratio (this
ratio represents the degree of Li depletion in weathering-derived solids) and w’? the proportion of riverine Li transported as

dissolved species:

Li [Li]diss
- S3
Wftuzes = T 0+ (Ll spm X [5pm) (5-3)

with [Li]giss and [Li]spr, the Li abundance in the dissolved load (ug/L) and in suspended particulate matter (in mg/kg),

respectively, and [spm] the concentration of river spm (in g/L).
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In addition we can predict another estimate of w’? using the partitioning of Li isotopes between the river dissolved and the
Li

180°

solid fluxes, noted w;* , following the derivation from Bouchez et al. (2013):

I Li 5Lz

i _ “rock sed

Wiso = §Li _ gL (S.4)
diss sed

with 5%51« 1 SLeid, and 55;38 the Li isotope composition of the weathered rock, the river suspended sediment and the dissolved
load, respectively.

Consistently with results reported by Dellinger et al. (2015a), the Li river mass and isotope budgets suggest an equilibrium
between supply to the Earth surface and riverine export in the Amazon Basin for Li. Importantly, Li is not a nutrient, which
makes the contrast between the Li and Ba river mass budgets suggestive of the influence of biological cycling on Ba in the

Amazon Basin.
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Figure S1. Histograms of Ba/X ratios (X = Na, Ca, Mg, Sr, Li) of the dissolved load of rivers draining monolithological basin, and of
the corresponding rocks established from worldwide compilations. Igneous rock (felsic and andesite) and carbonate data are derived from
GEOROC (http://georoc.mpch-mainz.gwdg.de/georoc/), and shale data are derived from both GEOROC and our own measurements (all data
are presented in repository doi:10.5281/zenodo0.4050339). River chemical composition data are derived from a series of studies published by
the IPGP group for carbonates (Li et al., 2008; Calmels et al., 2014), andesites, shales (Millot et al., 2003; Dosseto et al., 2006), for some of
the felsic igneous rocks (Millot et al., 2002), and for for basalts (Louvat and Allegre, 1997; Louvat, 1997; Louvat et al., 2008) augmented by
new data. The other part of the data is taken from Edmond et al. (1995). For each rock type, we calculate a median and the corresponding
uncertainty calculated as 2 S.D. //N with N = 1685 for Andean ande;ites, N = 50 for shales and N = 149 for felsic igneous rocks where the

values are used in eq. B1.
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Figure S2. (A) §I3T/134By g §138/134B, for dissolved samples, which should be Ce and La-free (B) §I37/134By g §137/135B, for all
samples. Mass-dependent fractionation is represented by the black line. Each dot is a single measurement and the error bars represent the 2
S.D. on the long-term measurements of our reference materials (Babe27 and JB-2). The two red dots are not mass-dependent for § 137/135B,

however other single measurements of these samples shows the same values and displays mass dependent fractionation; for this reasons we

do not dissmiss these data.
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Figure S3. ¢ 138B4 of river sediments in the Amazon Basin as a function of their Al/Si ratio, used here as a tracer for sediment grain size

(Bouchez et al., 2011).
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Figure S7. Scatter plots of Ba*/Na* and §'*Ba vs Ca*/Na*, SO4/Na*, for the dissolved load of the Amazon rivers ( "*" refers to dissolved

concentrations corrected from rain-derived inputs).
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