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Text S1. Electron Microprobe
Oxide concentrations for C, Ca, and Si were normalized to a red-green-blue (RGB)
color scheme, respectively in Matlab R2019a. The individual RGB channels were merged
into a composite RGB image (Figure S2a) where, for example, equal concentrations of
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C and Ca are yellow, Ca and Si are cyan, and C, Ca, and Si are brown (see color cubes
in Figure S2). Potential inorganic C phases were extracted from the elemental matrix
by querying all pixels containing a C/Ca ratio of 0.3 ± 5% (relationship based on mass
percent of CaCO3 ; Figures S2b). Pixels along the carbonate slope constitute ∼ 0.1 and
0.01 percent of the sampled area for the < 7 and >500 µm size fractions of the LHWS-1
sample, respectively. For LHWS-6, pixels along the carbonate slope constitute 3.26, 3.10,
4.01, and 4.66 percent of the sampled area for the >45 & < 90, >90 & < 212, >212 &
< 500, and >500 µm grain size fractions, respectively. To elucidate potential carbonate
phases along the C/Ca slope, co-located silica concentrations were compared to the overall
distribution of silica in the sample by comparing their probability distribution functions
(insets in Figure S2). We assume that carbonate phases would have a silica distribution
that is lower than the bulk sample. However, the data show broadly similar distributions
with high Si concentrations (∼40 wt%) for pixels with Ca-carbonate like Ca to C ratios.
Text S2. XANES
In addition to samples of fluvial deposits and suspended sediments, XANES mapping
and spectra collection was performed on un-used, combusted GF/F filters to assess potential S contamination. These measurements reveal the presence of a significant abundance
of sulfate on combusted GF/F filters, and occasionally minor abundances of reduced sulfur
phases (Figure S5). Across our three analytical sessions at SLAC, the mean signal intensity on combusted GF/F filters ranged from 14 to 40 counts/pixel at 2482.5 eV and from
1.8 to 7.2 counts/pixel at 2510.0 eV. For comparison, a 6.3 µm thick CuS standard (46.4
µg/cm2) had a mean signal intensity of 96 counts/pixel at 2482.5 eV and ranged from
77-94 counts/pixel at 2510.0 eV. Given these observations and the highly soluble nature of
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sulfate, we tested the change in fluorescence before and after wetting the GF/F filter with
a squirt bottle of water. The mean signal during a coarse-resolution mapping at 2482.5
eV declined from 17.3 counts/pixel before wetting to only 3.1 counts/pixel after wetting,
supporting the contention that GF/F filters contain a significant but soluble sulfate blank.
Furthermore, preliminary testing by Elemental Analysis Isotope Ratio Mass Spectrometry
(EA-IRMS) at Caltech reveals that filtering 5 L of MQ water through combusted GF/F
lowers signal intensity by a factor of 3-5 relative to an unfiltered GF/F. Given that each
sample of suspended sediment was collected through filtration of several L of water (up to
∼100 L), much of the GF/F sulfate blank is expected to have washed off during sample
collection. This hypothesis is further supported by our observations of signal intensities
near zero surrounding sulfur hot-spots on XANES maps, as very low signals could not
be observed if the oxidized GF/F blank had been retained during filtering. Lastly, any
potential influence of the blank on the measured signal becomes diminishing small with
larger particle sizes. Because the photon absorption length-scale of a 2.4 keV beam into
quartz is approximately 3.6 µm, for a 5 µm thick particle approximately 25.1% of the
incident beam would reach the underlying material and only 25.1% of the emitted fluorescence would exit the material to potentially reach the detector. For a 10 µm particle
these values are reduced to 6.3%. Lastly, the impact of fluorescence from the blank on
our samples would be to increase the ratio of peak heights at higher energies associated
with oxidized moieties relative to the fluorescent response at lower energies associated
with reduced moieties. Because this blank would only be present on suspended sediments
on GF/F filters, and not on floodplain sediments, the impact would be to bias suspended
sediments to appear relatively more oxidized.
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Additionally, initial testing by EA-IRMS reveals that Mixed Cellulose Ester (MCE)
filters appear to have a lower S blank than GF/F filters, and may be a preferred choice
for future studies on the sulfur chemistry of riverine suspended sediment. Unlike GF/Fs,
where suspended matter becomes trapped within the fiber matrix, MCE filters also allow for easy harvesting of particles. Conversely, this same property preserves particle
aggregations and makes GF/Fs more useful for studying particles as they occur in the
river.
Data Set S1.
File NOSAMSallResults.csv is included within TorresG3Script.zip and contains all
of the C isotopic data.
Software S1.
File TorresIcelandModelSupplement.mlx is included within TorresG3Script.zip
and generates the model output used in Figure 12 using ancillary dataset
(intCal13data.mat; from Lougheed and Obrochta 2016) and scripts (temperlevy.m &
temperlevyRand.m) included within the .zip file..
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Figure S1. Comparison between δ 13 C values measured with and without sample acidification.
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(a) EPMA map of carbon (red), calcium (green), and silica (blue) in a river

bedload sample (LHWS-1). (b) Cross plot of calcium and carbon. Few pixels show a Ca/C ratio
consistent with carbonate, suggesting a lack of carbonate minerals in all size fractions. (c) The
fraction of pixels in each mapped region with Ca/C ratios consistent with carbonate minerals.
(d) The distribution of Si in pixels with Ca/C ratios consistent with carbonate is similar to the
distribution of Si across the entire sample, arguing against the presence of carbonate minerals in
the sediment.
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Figure S3.

Comparison between profiles measured in the field to those extracted from the

PRC DEM. The locations of the two cross-sections are showin in Figure ??. For both sections,
we compare the cross-sectional area (Asf ) and indicate which dataset returns a larger value.
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Photograph of glacial till within the catchment highlighting clast angularity.

Outlined person is 190 cm tall.
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Figure S5. XANES mapping of combusted GF/F filter blanks. (a) Coarse-resolution mapping
at 2482.5 eV of combusted blank prior to rinsing. (b) Coarse-resolution mapping at 2482.5 eV of
combusted blank after rinsing. The signal is significantly lower across the entire mapped region
after rinsing with water (note the change of colorbar scale). (c)-(h) High-resolution mapping of
the unrinsed GF/F filter at 2472.3 eV, 2473.5 eV, 2476.0 eV, 2481.0 eV, 2482.5 eV, and 2510.0 eV.
The fluorescence response is spatially localized and strong at the oxidized portion of the spectra,
but distributed and weaker at lower incident energies. These data indicate that combusted GF/F
filters contain a significant but soluble sulfate blank. This blank is expected to have washed off
the filters during sample collection and contribute minimally to the measured signals.
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