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Abstract The Amazon River mobilizes organic carbon across one of the world's largest terrestrial carbon
reservoirs. Quantifying the sources of particulate organic carbon (POC) to this flux is typically challenging in
large systems such as the Amazon River due to hydrodynamic sorting of sediments. Here, we analyze the
composition of POC collected from multiple total suspended sediment (TSS) profiles in the mainstem at Obidos,
and surface samples from the Madeira, Solimdes and Tapajés Rivers. As hypothesized, TSS and POC
concentrations in the mainstem increased with depth and fit well to Rouse models for sediment sorting by grain
size. Coupling these profiles with Acoustic Doppler Current Profiler discharge data, we estimate a large
decrease in POC flux (from 540 to 370 kg per second) between the rising and falling stages of the Amazon River
mainstem. The C/N ratio and stable and radiocarbon signatures of bulk POC are less variable within the cross-
section at Obidos and suggest that riverine POC in the Amazon River is predominantly soil-derived. However,
smaller shifts in these compositional metrics with depth, including leaf wax n-alkanes and fatty acids, are
consistent with the perspective that deeper and larger particles carry fresher, less degraded organic matter
sources (i.e., vegetation debris) through the mainstem. Overall, our cross-sectional surveys at Obidos highlight
the importance of depth-specific sampling for estimating riverine export fluxes. At the same time, they imply
that this approach to sampling is perhaps less essential with respect to characterizing the composition of POC
sources exported by the river.

Plain Language Summary The Amazon River transports one of the largest quantities of freshwater
organic carbon into the Atlantic Ocean. In this study, we collected suspended particles at different depths within
a cross-section of the Amazon River mainstem during the rising and falling stages of the river's hydrological
cycle. We analyzed the organic carbon, nitrogen, grain size, and leaf-derived compounds in these particles, and
integrated water velocity measurements to calculate the quantity of carbon in particle form moving through the
river at these two stages. The analyses showed that large, dense particles concentrate with depth in the Amazon
River mainstem. The composition of these particles is relatively homogenous, but slight variations in metrics
like carbon-to-nitrogen ratio, age derived from carbon-dating, and leaf waxes imply that less degraded sources
of organic carbon are found in the deeper and coarser grained particles. Overall, the data suggest that the
majority of Amazon River particulate organic carbon comes from a mixture of soil organic carbon washing in
from different landscapes and soil depth horizons. A globally significant quantity of this carbon will get buried
in the Atlantic Ocean, forming a long-term carbon sink.

1. Introduction

Of the world's major river networks, the Amazon River Basin, a global biodiversity hotspot, is one of the largest
reservoirs of biospheric organic carbon on the planet (Eglinton et al., 2021). The river basin includes eight major
tributaries that extend across a 6 million square kilometer drainage basin. Torrential seasonal rains mobilize
massive quantities of suspended sediments across flooded and upland rainforests, drier savannahs, high-elevation
Andean landscapes, as well as cropland and pasture, into the tributaries and mainstem. As a result, the Amazon
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River sustains the highest freshwater discharge (Dai & Trenberth, 2002) and one of the largest export fluxes of
suspended sediments and particulate organic carbon (POC) to the ocean globally (see compilation by Galy
etal. (2015)). The Amazon River Basin's role as a major conduit for POC transport from land to sea has motivated
decades of research into its influence on the global carbon cycle and long-term climate (Bouchez et al., 2010,
2014; Hedges et al., 1986; Mayorga et al., 2005; Richey et al., 1990, 2002; Sun et al., 2017; Ward et al., 2013,
2015).

In large river basins, spatial heterogeneity is a significant challenge in quantifying annual basin-wide POC fluxes
(Bouchez, Métivier, et al., 2011; Galy et al., 2008; Lupker et al., 2011). The majority of knowledge on riverine
particulate geochemistry and POC transport through the Amazon River mainstem has accrued through years of
field measurements collected near the municipality of Obidos in the State of Para (Figure 1), the most downstream
gauging station unaffected by seawater intrusion from the Atlantic Ocean (Kosuth et al., 2009; Moreira-Turcq
et al., 2003; Richey et al., 1986). At this location on the mainstem, the Amazon River's particle composition
integrates suspended sediments from most of the major tributaries of the drainage basin, particularly the Solimdes
and Madeira rivers, which join to form the Amazon upstream. At Obidos, where the mainstem is about 2 km wide
and over 60 m deep during some seasons of the year, hydrodynamic sorting can cause larger grain-size sediments
to settle faster and concentrate at deeper depths (Bouchez, Métivier, et al., 2011; Curtis et al., 1979; Rouse, 1950),
leading to compositional differences between deeper, coarser sediments and shallower, finer sediments (Bouchez,
Gaillardet, et al., 2011; Bouchez et al., 2014). In particular, depth-specific differences in total suspended sediment
(TSS) concentrations in the mainstem cross-section can span five-fold (Bouchez, Gaillardet, et al., 2011),
implying that measurements traditionally based on surface TSS concentrations alone are susceptible to consid-
erable error. For this reason, more recent Amazon POC export flux measurements have integrated sub-surface
measurements across depths (e.g., Bouchez, Métivier, et al., 2011; Bouchez et al., 2014; Ward et al., 2015).

Potential depth-dependent differences in organic matter composition in the Amazon River have been explored
less, but have implications for our understanding of the sources of organic carbon that are eventually exported to
the Atlantic Ocean. Here, we analyze particulate organic matter (POM) from two cross-sectional surveys at
Obidos during two stages of the river's hydrological cycle (i.e., rising and falling water levels), integrating
measurements of the bulk POM pool with compound-specific lipid abundances and carbon stable isotope
composition. While bulk metrics shed light on the predominant origins of organic matter in the river (Kim
et al., 2012; Martinelli et al., 1994; Powell et al., 2012), lipid-specific measurements provide a nuanced under-
standing of specific carbon sources in the bulk pool, such as terrestrial vegetation and in situ primary production
(e.g., Feakins et al., 2018; Higgi et al., 2016; Saliot et al., 2001). Further, following prior studies that have
attempted to sample river suspended sediments along transects to understand the loss and replacement of POC
from the floodplain to the mouth (e.g., Guyot et al., 1996; Héggi et al., 2016; Hedges et al., 1986; Kim et al., 2012;
Sun et al., 2017; Ward et al., 2015), our study also compiles analyses of surface riverine POC samples collected
from tributaries both upstream and downstream of our main study location (Obidos).

To our knowledge, this new data set represents the highest resolution survey of POC within an Amazon River
mainstem cross-section, with compound-specific lipid measurements from the surface to within ~15 m above the
river bed. Our results expand our understanding of the variability of POM composition in the narrow and deep
mainstem of the Amazon River on a spectrum of particle sizes and as a function of seasonality. In addition to
contributing this new data set, our study adds a nuanced perspective on the methodology for sampling large,
potentially heterogeneous river systems. Our discussion comments on the utility of depth-specific sampling for
developing a process-based understanding of POC composition in the Amazon River mainstem. Finally,
considering that the tributaries downstream of Obidos may change the composition of riverine POC exported to
the Atlantic Ocean, we conclude by discussing new radiocarbon measurements in suspended sediments from the
relatively understudied Tapajds River.

2. Methods
2.1. Overview of Sampling Expeditions

The suspended sediments we discuss in this study were sampled during three expeditions to the Amazon River
Basin in June 2005, April 2014, and July 2014 (Table 1, Figure 1). The 2005 samples were collected from the
mainstem at Obidos and at two upstream locations near the Madeira River mouth to the Amazon River (~Foz
Madeira) and near the Solimdes River confluence with the mainstem (~Manacapuru). The reader may refer to
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Figure 1. Top row: the Amazon River Basin and all field sites from June 2005, April 2014, and July 2014. Image credit: Paul
Lefebvre and Greg Fiske (Woodwell Climate Research Center). Refer to Table 1 for coordinate locations of each sampling
site. Second row from top: monthly mainstem discharge time-series in 2014, compiled by the Brazilian Agéncia Nacional de
Aguas (https://www.snirh.gov.br/hidroweb/serieshistoricas). Each number represents the average flow measured on the first
day of each month of the year (month #1 is January; month #12 is December). The vertical solid lines represent the two
sampling months, April and July. Third row from top: Acoustic Doppler Current Profiler (ADCP) transects in latitude/
longitude across the Amazon River at Obidos in April and July 2014, with color indicating river depth. Transects started at
the right bank across from Obidos and ended at the left bank near Obidos. The markers indicate approximate locations of
each TSS sample. Note that exact GPS coordinates of each individual sample were not recorded during the April transect.
Bottom row: measured and extrapolated water velocities within the cross-section at Obidos in April 2014 and July 2014, with
the colorbar representing water velocity.

Bouchez, Métivier, et al., 2011 and Supporting Information S1 for more description on the field collection and
archival of these 2005 samples. The 2014 samples were collected primarily at Obidos. Sampling occurred once in
the rainy season in March/April, and once in the dry season, July 2014. In July 2014, suspended sediments were
also retrieved from the Tapajos River downstream from Obidos.
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Table 1
Sample Locations and Times

Latitude Longitude Channel Sample Temperature Discharge TSS flux ~ POC flux

River Location °S) °W) Date position (km) depth (m) °C) Volume (m*/s) zR (kg/s) (kg/s)
mainstem Obidos 1.937¢ 55.503* 8 June 2005 - 0 no data >100L 128,000 039 61,300 604
Madeira Foz Madeira  3.456% 58.808* 6 June 2005 - 0 no data >100 L 21,800 0.10 1,300 14
Solimdes Manacapuru  3.314% 60.554* 4 June 2005 — 0 no data >100 L 124,700  0.09 17,400 168
mainstem Obidos 1.946 55.510 2 April 2014 0.32 35.49 25.9 ~I0L 270,000 0.26 53,000 544
mainstem Obidos 1.946 55.510 2 April 2014 0.32 15.3 27.3 ~I0L 270,000 0.26 53,000 544
mainstem Obidos 1.946 55.510 2 April 2014 0.32 2.1 no data ~I0L 270,000 0.26 53,000 544
mainstem Obidos 1.942 55.503 2 April 2014 1.1 49.1 no data ~I0L 270,000 0.26 53,000 544
mainstem Obidos 1.942 55.503 2 April 2014 1.1 30.15 27.5 ~I0L 270,000 0.26 53,000 544
mainstem Obidos 1.942 55.503 2 April 2014 1.1 13.33 26.8 ~I0L 270,000 0.26 53,000 544
mainstem Obidos 1.942 55.503 2 April 2014 1.1 2.7 26.4 ~I0L 270,000 0.26 53,000 544
mainstem Obidos 1.938 55.496 2 April 2014 2.00 27.8 27.5 ~10L 270,000 0.26 53,000 544
mainstem Obidos 1.938 55.496 2 April 2014 2.00 10.4 26.1 ~10L 270,000 0.26 53,000 544
mainstem Obidos 1.938 55.496 2 April 2014 2.00 2.8 26.1 ~10L 270,000 0.26 53,000 544
mainstem Obidos 1.940 55.501 1 April 2014 - 0 28.0 >100L 270,000 N/A 53,000 544
Tapajés  Tapajos no data no data 27 July 2014 - 0 no data >100L nodata N/A no data no data
Tapajés  Tapajos no data no data 27 July 2014 - bed no data N/A nodata N/A no data no data
mainstem Obidos 1.946 55.509 28 July 2014 0.34 42.8 28.9 ~I0L 249,000 0.34 48,000 369
mainstem Obidos 1.945 55.510 28 July 2014 0.34 20.6 no data ~I0L 249,000 0.34 48,000 369
mainstem Obidos 1.945 55.509 28 July 2014 0.34 35 no data ~I0L 249,000 0.34 48,000 369
mainstem Obidos 1.944 55.494 28 July 2014 1.6 54 28.9 ~I0L 249,000 0.34 48,000 369
mainstem Obidos 1.942 55.497 28 July 2014 1.6 39.83 29 ~I0L 249,000 0.34 48,000 369
mainstem Obidos 1.941 55.499 28 July 2014 1.6 30.4 28.9 ~10L 249,000 0.34 48,000 369
mainstem Obidos 1.941 55.499 28 July 2014 1.6 14.95 no data ~I0L 249,000 0.34 48,000 369
mainstem Obidos 1.939 55.501 28 July 2014 1.6 3.14 no data ~I0L 249,000 0.34 48,000 369
mainstem Obidos 1.933 55.497 28 July 2014 22 53.06 29 ~I0L 249,000 0.34 48,000 369
mainstem Obidos 1.931 55.499 28 July 2014 22 29.83 no data ~I0L 249,000 0.34 48,000 369
mainstem Obidos 1.933 55.498 28 July 2014 22 3.33 no data ~I0L 249,000 0.34 48,000 369
mainstem Obidos 1.942 55.496 28 July 2014 - 0 29.2 >100L 249,000 0.34 48,000 369
mainstem Obidos no data no data 28 July 2014 - bed no data N/A 249,000 N/A 48,000 369
mainstem Obidos no data no data 28 July 2014 - bed no data N/A 249,000 N/A 48,000 369
mainstem Obidos no data no data 28 July 2014 1 flood no data N/A 249,000 N/A 48,000 369

Note. Depth-specific samples at Obidos were collected in three positions across the mainstem channel, referenced to the right bank across from Obidos (Figure 1). The
2005 data are taken from Bouchez, Métivier, et al. (2011) and Bouchez et al. (2014). Discharge, total suspended solid (TSS) and particulate organic carbon (POC) fluxes,
and water temperatures are provided when available. In the sample depth column, “bed” = bedload and “flood” = floodplain deposit. “Latitude & longitude reflect one
GPS coordinate for this sampling station and date.

In 2014, mainstem discharge at Obidos varied by a factor of two between a minimum during the dry season and a
maximum during the rainy season (Figure 1b). Continuous gauge measurements near Obidos (https://www.snirh.
gov.br/hidroweb/serieshistoricas), conducted by the Brazilian Agéncia Nacional de Aguas, showed that in 2014,
discharge peaked in May and June at ~250,000 m*/s (Figure 1b). Thus, the two sampling months in 2014 reflect
different river stages, rising in April and falling in July, prior to and after peak discharge, respectively.

Each expedition served a unique purpose in this study. The two 2014 expeditions to Obidos provided the majority
of samples we analyze in this study, as well as an opportunity to quantify TSS and POC fluxes during two hy-
drological stages of the river, using a depth-integrated method complementary to the prior expeditions (Bouchez,
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Meétivier, et al., 2011). The other samples collected in 2005 and the one Tapajés River sample collected in 2014
allowed for an extended comparison between Amazon River POC at Obidos and POC from its most immediate
upstream and downstream tributaries.

2.2. Particle Collection

All suspended sediments were collected by filtering several large-volume (100-200 L) samples of surface river
water and a number of small-volume (~10 L) samples at specified depths below the surface. The exact volumes
were calculated by weighing the water samples after collection and converting mass to volume using the density
of fresh water, ~1 kg/L. With the exception of the 2005 samples, all water samples were filtered in pressurized
Teflon-coated units through 0.22 pm diameter pore size Millipore PES membrane filters within 2 days after
collection. Between collection and filtration, samples were either covered in a dark tarp or stored in the shade to
minimize exposure to sunlight. After filtration, the particles on the filters were immediately frozen on board the
ship. Although previous studies have highlighted the compositional differences across particle size fractions in
the Amazon River (Aufdenkampe et al., 2007; Hedges et al., 1986, 1994), we have chosen to pool all particles
above 0.22 pm in diameter for analysis of the total riverine particle pool, which is just above the 0.1 pm upper
limit for sampling dissolved organic matter (Amon & Benner, 1996). Assuming that riverine particles span a
spectrum of sizes above 0.1 pm, this choice captures the majority of particulate matter while remaining consistent
with particle size ranges in other studies (e.g., Bouchez, Métivier, et al., 2011).

The large-volume samples were acquired at Obidos (April 2014, July 2014, and June 2005), and each upstream/
downstream tributary site using a bucket submerged a few tens of centimeters below the surface. Each sampling
location was roughly in the center of each river channel. The 10 L samples were collected within three depth
profiles at Obidos in April and July 2014 using a depth-specific horizontal isokinetic sampler. Each profile,
consisting of three to five depths from 2-3 to ~50 m, was located at a different position in the channel of the
mainstem between the right bank and the left bank closer to Obidos (Figure 1, Table 1). The depth-specific water
sampler was equipped with a depth sensor to accurately record the collection depths.

In July 2014, additional bedload samples from the Tapajés River and mainstem at Obidos were taken using a
dredge sampler. One flood deposit sample from the right bank of the mainstem, across from Obidos, was also
collected during this same expedition. Similar to the water-column particle samples, these bedload and flood
deposit samples were immediately frozen following collection until analysis.

In the laboratory, each suspended sediment sample was resuspended from the filters in milli-Q water and freeze-
dried, while bed samples and the floodplain deposit were directly freeze-dried. All dried samples were sieved
through a 2 mm mesh to remove any coarse impurities such as rock fragments and leaf debris, and homogenized
before subsequent analyses. The homogenized quantities of suspended sediments were weighed to calculate
suspended sediment concentrations (mg/L).

2.3. Flux Calculations

During both sampling trips, on 3 April and 29 July 2014, water velocity profiles were measured across the
mainstem channel using a Sontek RiverSurveyor® M9 Acoustic Doppler Current Profiler (ADCP). The ADCP
operated on a 1 MHz frequency, and was equipped with a 0.5 MHz vertical beam sensor for river depth mea-
surements and an external GPS for compass heading, latitude and longitude tracking. The external GPS did not
function over most of the transect in April, so an average offset from the external GPS was applied to correct the
internal Sontek compass, which provided continuous heading measurements. The RiverSurveyor® software in-
tegrated velocities measured through the instrument's transect and modeled velocities within the “edge” regions
between each end of the instrument transect and the nearest river bank to calculate a water discharge value
through the river's cross-section.

The velocity cross-sections guided our choice of sample depths and locations for each depth profile (Figure 1,
Table 1, Section 2.2) and enabled us to calculate suspended sediment fluxes across the mainstem. The ADCP
measured three velocity components (E, N, U) down to 40 m depth. Horizontal velocities, V,,,,, were calculated

as the vector combination of the E (east) and N (north) components. Because 40 m was often shallower than the
river bed and a further 10% of each velocity profile data was discarded prior to data export, the deepest measured
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Table 2
Substrates for Measuring Enzyme Activities in the Amazon River Mainstem, July 2014
Substrate Abbreviation Enzyme Element
leucine-AMC Leu-AMC leucyl aminopeptidase N
Phenylalanine-AMC Phe-AMC phenyalanyl aminopeptidase N
Ala-Ala-Phe-AMC AAF-AMC chymotrypsin N
MUB-beta-N-acetyl glucosamine MUB-NAG N-acetylglucosaminidase N
MUB-cellobiose MUB-cello cellulase C
MUB-beta glucose MUB-beta-glu beta-glucosidase C
MUB-beta xylose MUB-xyl xylanase C
MUB-PO4 MUB-PO4 phosphomonoesterase P

Note. AMC is -amino-4-methylcoumarin and MUB is 4-methylumbelliferone.

velocities had to be extrapolated to the river bed using the following relationship between horizontal velocity,
Vimag» and vertical distance above the river bed z (Chen, 1989; Mueller et al., 2009):

Vmag = avzl/6 (1)

The a, values for each ADCP transect position were first extracted by fitting the measured V,,,, profiles to

values for all depths between the deepest measured V,,, and the river

Equation 1. Then, the extrapolated V.,
bed were calculated using the fitted a, values.

Suspended sediment concentration profiles (C,) were modeled based on the assumption that the Amazon River
mainstem was deep enough in April and July 2014 to allow separation of sediment grain size and density by depth.
Following Bouchez, Métivier, et al. (2011), who also reported hydrodynamic sorting in the Amazon mainstem, all
depth-specific suspended sediment concentrations from each sampling month were fitted to a Rouse equation,
which relates sediment concentration to river depth (Rouse, 1950):

C, (H-z a \&
. @
C, z H-a

In this relationship, C, is the suspended sediment concentration at z, the vertical distance above the river bed,
which has a depth of H. The constant a is the depth of the shallowest point measurement in the depth profile, C, is
the suspended sediment concentration at a, and zg is the Rouse number. We used a nonlinear least-squares fit to
calculate the Rouse number for April and July. The Rouse fits allowed us to model C, across the entire mainstem
cross-section by varying H from the ADCP data, but using constant C, values, averaged across the surface-most
measurement of the three channel positions in each sampling month.

We calculated suspended sediment fluxes at Obidos during each sampling month by integrating the product of
suspended sediment concentration (C,, modeled by Equation 2) and water velocity (both measured and
extrapolated V.., values, according to Equation 1) across channel position and over river depth (Bouchez,
Meétivier, et al., 2011):

TSS flux = //VmagCde dz 3)

In Equation 3, dx values were calculated by projecting the distance of the boat track using ADCP transect co-
ordinates (Figure 1) against the azimuth of the mainstem at Obidos.

2.4. Enzyme Activity Assays

Enzyme assays were conducted on suspended particles from the July 2014 Obidos depth profiles to probe var-
iations in heterotrophic activity in the Obidos cross-section. Samples were analyzed using —~AMC (7-amino-4-
methylcoumarin) and -MUB (4-methylumbelliferone)-based fluorogenic substrate proxies (Mullen et al., 2018)
(Table 2) and buffered with 100 mM carbonate buffer (pH = 6.85). Assays were performed in triplicate for all
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samples and for one control, boiled to denature all enzymes, which served as a blank correction. Fluorescence was
measured three to four times during 4-hr sample and control incubations in 1 mL cuvettes at ambient temperature.
Enzyme activities in each sample were inferred from the blank-subtracted substrate hydrolysis rates calculated
from these four time points.

2.5. Bulk Particle Composition

The distribution of grain sizes in the homogenized particle samples (Section 2.2) was analyzed using a Beckman
Coulter Laser Diffraction Particle Size Analyzer (LS 13 320). Samples were sonicated for 10 s in tap water before
loading into the detector. The LS 13 320 detects particles in the 0.4 um to 2 mm size range and reports the mean
and median grain size for each sample. The software additionally calculates the volumetric contribution of
particle sizes throughout the distribution as well as the d10, d50, and d90 diameters, which delineate the 10th,
50th, and 90th percentiles of the size distribution, respectively.

Bulk weight % organic carbon (%OC), weight % total nitrogen (%N), 8'°C, and 8"°N in the homogenized sus-
pended and bed sediments were analyzed using a Fisons Instruments Carlo Erba 1108 elemental analyzer
interfaced via a Finnigan MAT Conflo Il to a Delta-Plus Stable Light isotope ratio mass spectrometer (IRMS).
Prior to measuring % OC and 8'>C, sub-samples were weighed, loaded in silver boats, fumigated in concentrated
hydrochloric acid (12 N HCI) vapors for 72 hr at 60°C, and then dried in a desiccator at 60°C for 72 hr to remove
the inorganic carbon in the sediment (Whiteside et al., 2011). Due to an error in the methodology, one bedload
sediment from Obidos was analyzed after just 12-16 hr of acid fumigation. Weighed sub-samples were not
fumigated prior to measuring %N and 8'°N. All analyses were conducted in triplicate. The results only report the
average and standard deviation of the triplicate measurements. We equate the error of the average %OC, %N, bulk
§'%C and 8'°N values to the standard deviation of triplicate analyses for each sample.

For bulk radiocarbon composition, sub-fractions of selected sediment samples were similarly decarbonated via
acid fumigation for 72 hr. After drying, the fumigated sample was sealed in an evacuated quartz tube with 2 g
copper oxide, and baked at 850°C for 6 hr, which converted all the sample organic carbon to CO, gas (McNichol
et al., 1995). The evolved CO, was then cryogenically purified under vacuum, graphitized by iron catalysis in
pure H, gas at 450°C, and analyzed for its radiocarbon composition at the National Ocean Sciences Accelerator
Mass Spectrometry (NOSAMS) facility at Woods Hole Oceanographic Institution (McNichol et al., 1992).
Because the relative errors in bulk F, values were small, ranging from ~0.2% to 0.5%, they are not reported in the
following sections.

2.6. Compound-Specific Lipid Analysis

Abundances of specific biomolecules provide higher-resolution details of organic matter composition. Straight-
chain n-alkanes and fatty acids were quantified in each large-volume sample collected in 2005 and 2014, and in
four depth-specific samples collected in 2014 (Table 1). Total lipids were extracted from the sediment into 15—
20 mL of 9:1 (v/v) dichloromethane (DCM)/methanol at 100°C for 20 min using a Microwave Accelerated
Reaction System (MARS, CEMS Corp.). The total lipid extracts were then saponified in 15 mL of 0.5 M po-
tassium hydroxide (KOH) in wet methanol at 70°C for 2 hr. After adding 20 mL milli-Q water and 0.5 g of sodium
chloride to the KOH solution, the basic lipids were extracted from the aqueous phase via five hexane rinses. The
remaining KOH solution was acidified to pH ~ 2 using 12 N HCl to isolate the acidic lipids in five rinses with 4:1
(v/v) hexane/DCM.

Each basic and acidic lipid fraction was separated into five biomolecular classes on the basis of polarity. The
concentrated lipid fractions were loaded onto aminopropyl silica gel columns and sequentially flushed with
hexane (for n-alkanes), 4:1 (v/v) hexane/DCM (for ketones), 9:1 (v/v) DCM/acetone (for sterols, alcohols and
other polar compounds), 2.6% oxalic acid in methanol (for fatty acids), and 1:1 (v/v) DCM/methanol (for residual
compounds). Both acidic and basic fraction-derived fatty acids were re-combined and methylated in 95:5 (v/v)
methanol/HCI with a known &'>C value and "*C composition for 12—16 hr at 70°C. The fatty acid methyl esters
(FAMESs) were isolated on an additional aminopropyl silica gel column after methylation.

Prior to compound-specific isotope analysis, large-volume FAMEs and n-alkanes were urea-adducted as an
additional purification step to separate the branched compounds from straight-chain compounds. For urea
adduction, these compound fractions were first mobilized in 2:1 (v/v) hexane/DCM and a 40 mg/mL solution of
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urea dissolved in methanol. After being blown down to dryness, the residual urea crystals were washed in hexane
and redissolved in water. The branched compounds in this aqueous phase were separated from straight-chain
compounds through >2 washes of hexane (for n-alkanes) or 4:1 (v/v) hexane/DCM. There was no need to
further purify the four depth-specific FAMEs and n-alkane fractions that were selected for compound-specific
isotope analysis.

All compound abundances were measured using a flame ionization detector coupled to a Hewlett Packard 5890
Series 1 Gas Chromatograph (GC-FID). Urea-adducted, combined acid and base fractions of n-alkanes and
FAMEs were injected in high purity hexane. In addition, the non-adducted fractions of FAMEs and n-alkanes as
well as the other fractions of the post-methylation FAMEs were analyzed in the GC-FID. Any “residual” FAMEs
and n-alkane quantities in these other fractions were added to the FAMEs and n-alkane quantities from the pu-
rified fractions, and are reported as such in Sections 3 and 4, all Tables S1-S3 and Figures 4-6.

All GC-FID analyses were accompanied by a suite of standard n-alkanes and FAME:s to cross-reference sample
peak retention times and quantify compound abundances by peak areas. Some analyses were accompanied by just
one standard injection at one known concentration, while others were accompanied by injection of three different
standard concentrations. When three standard concentration chromatograms were available, standard curves were
applied to sample peak areas to estimate the analyte mass (in nanograms). When analyses included just one
standard concentration, a response factor, equivalent to the average peak area/ng compound across standard
compounds, was used to convert sample peak area to mass. A conservative relative error of +10% was used for
lipid masses per extraction based on the relative standard deviation of standard compound peaks across GC-FID
analyses.

The 8'3C values of specific FAMEs and n-alkanes were measured using a HP6890 gas chromatograph fitted with
a Gerstel PTV and interfaced via a Finnigan MAT Conflo II to a Delta-Plus IRMS. When compound abundances
were sufficient, '3C values were measured in duplicate or triplicate, with only average and standard deviation
values reported, the latter of which serves as a metric for error.

3. Data
3.1. Mainstem Discharge in 2014

Maximum river depth of the Amazon River mainstem at Obidos was 67-68 m in both April and July 2014,
varying more by channel position than by season (Figure 1). The M9 RiverSurveyor® ADCP logged >1,400
velocity profiles from the surface to the riverbed in April and >1,300 profiles in July. The average water
velocity across the transect was 2.0 = 0.6 m/s in April and 1.7 = 0.6 m/s in July. In both seasons, velocities
tended to be highest (3—4 m/s) in the middle of the cross-section, where depths exceeded 40 m. Velocities
near the river bed were generally slower, less than 1.5 m/s. Total calculated discharge from integrated ve-
locities (Section 2.3) at Obidos decreased slightly between sampling months ranging from 270,000 m?/s in
April to 249,000 m*/s in July (Table 1). While our July value was consistent with measurements from the
Brazilian Agencia Nacional de Aguas (Figure 1b), our instantaneous April value overestimated the logged
discharge at Obidos by ~18%.

3.2. TSS Concentrations and Fluxes in 2014

Total suspended sediment concentrations ([TSS]) throughout the main-stem cross-section at Obidos varied from
55.5 to 318.5 mg/L in April 2014 (Figure 2, Table 3), within the range of all suspended sediment concentrations
analyzed at Obidos in 2005 (Bouchez, Gaillardet, et al., 2011). July values were broader, ranging from 16.4 to
741.4 mg/L. Concentrations were highest in the deepest samples near the right bank (i.e., across from the mu-
nicipality of Obidos) in both April and July 2014. Positioned inside of a bend in the Amazon mainstem, a greater
abundance of particles accumulates in river waters here, leading to significantly higher TSS concentrations (i.e.,
greater than mean + 1 S.D. of all other depth-specific [TSS] values). In July, this deep sample has the highest C/N
value of all depth-specific samples from the same sampling period, potentially bearing the signature of re-
suspended organic matter deposits from the adjacent river bank, which has a higher C/N value compared to
the other April/July suspended sediments.

Total suspended sediment concentrations increased with depth in all profiles at Obidos (Figure 2, Table 3). Other
than in the right bank profiles in April, mean, median/d50, d10, and d90 grain size diameters generally increased
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Figure 2. Profiles of TSS concentration, organic matter composition, and median grain size (d50) at Obidos in April (blue) and July (black) 2014. Data from profiles near
the right bank (triangles), left bank (circles) and river center (crosses) are separate. All y-axes are normalized to the river depth at the channel position of each profile.
The errors in %POC, %PN and fraction modern are relatively small and therefore not plotted. 8'>C values are expressed in units of %o.

with depth and [TSS], providing clear evidence for hydrodynamic sorting of sediment in the cross-section
(Bouchez, Métivier, et al., 2011; Rouse, 1950). All 10 L [TSS] values were fitted to the Rouse equation (C, in
Equation 2). We chose to combine profiles within each sampling month rather than calculate one Rouse number
per channel position profile per month, following the reasoning that the errors from fitting individual instanta-
neous profiles in a given depth profile could be offset by the spatial heterogeneity of three depth profiles spanning
the cross-section (Bouchez, Métivier, et al., 2011). The reference height above the river bed, z,, varied from 36.9
to 56.2 m in April and from 41.5 to 58.9 m in July. The suspended sediment concentration at z,, C,, varied from
71.6 to 106.8 mg/L in April and from 43.9 to 102.7 mg/L in July. These TSS concentration fits yielded Rouse
numbers of 0.26 and 0.34, respectively, in April and July (Table 1). The modeled concentration profiles fit the
data well, suggesting that the Rousean description of hydrodynamic sorting adequately explains our observations
(Figure 3).

The integrated product of [TSS] and water velocity within each cross-section yielded instantaneous suspended
sediment fluxes of ~53,000 kg/s in April and ~48,000 kg/s in July (Equation 3). We note that while these values
do not incorporate water discharge and sediment concentrations within the cross-sectional area between each river
bank and the ends of the ADCP transects (i.e., the “edge” discharge values calculated by the RiverSurveyor®
software, as described in Section 2.3), discharge in these “edge” sections of the transect represents less than 1% of
total discharge at the mainstem.

3.3. Bulk POC Composition

The weight % organic carbon (%OC) within depth-specific sediments at Obidos ranged from 0.51% to 1.52% and
decreased with depth in all profiles across channel positions and seasons (Figure 2, Table 3). Weight % nitrogen
(%N) values in suspended sediments ranged from 0.05% to 0.24% and decreased with depth as well. At the same
time, particulate organic carbon concentrations ([POC]), which ranged from 0.6 to 5.9 mg/L, increased with depth
as TSS concentrations increased. Molar C/N ratios exhibited a large range from 7.4 to 14.0, and tended to increase
with depth in all profiles. Even though [TSS], %OC, and [POC] varied within profiles at Obidos, the isotopic
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}‘::()zlleSispended Sediment Concentration, Organic Matter Composition and Grain Size of 2005 and 2014 Samples
C/N Grain-
Depth Channel [TSS] %POC (pmol/ Fraction mean Grain- Grain- Grain-

Location (m) position (km) (mg/L) (mg/mg) %PN (%) pmol) 8"3C (%o) modern (pm) d50 (pm) d10 (pm) d90 (pm)
mainstem® 0 - nodata 0.85 + 0.01 0.14 £0.005 73x05 -285=%x0.05 0.71 nodata nodata nodata no data
Solimdes” 0 = nodata 1.12 £ 0.06 0.17 £0.003 79+18 -27.0%x0.05 0.72 no data nodata nodata no data
Madeira® 0 = nodata 0.49 = 0.01 0.08 £0.0004 72%19 -277x03 0.67 no data nodata nodata no data
mainstem 0 - 55 1.37 £ 0.01 0.19 £0.004 85%x02 -28.1%x0.06 0.72 no data nodata nodata no data
mainstem  35.49 0.32 319 0.98 + 0.02 0.12 £ 0.001 9.6+0.2 -283+0.07 nodata 44 29 4 109
mainstem  15.3 0.32 150 1.01 = 0.02 0.12+£0.001 9502 -283+02 nodata 48 31 5 121
mainstem 2.1 0.32 79 1.32 £ 0.02 020 £ 0.001 7.8+0.1 —284+0.09 nodata 50 29 4 131
mainstem  49.1 1.1 208 0.96 £+ 0.01 0.13 £0.001 88+0.1 -—282+0.05 0.77 63 44 6 153
mainstem  30.15 1.1 233 0.93 £ 0.01 0.11 £ 0.001 10+ 0.1 -282+0.03 0.78 48 30 5 119
mainstem  13.33 1.1 111 1.35 £ 0.01 0.19 £0.002 84+0.1 -28.0%0.08 0.78 43 27 4 106
mainstem 2.7 1.1 72 1.52 £ 0.01 024 £0.004 74x0.1 -28.1%x0.03 0.77 70 49 4 171
mainstem  27.8 2.00 149 1.09 £ 0.01 0.15£0.001 85x0.1 -282=x0.1 no data 61 39 5 154
mainstem  10.4 2.00 126 1.19 + 0.05 0.16 £ 0.003 87 +04 —28.1+0.02 nodata 60 43 6 142
mainstem 2.8 2.00 107 1.22 = 0.03 0.17 £0.002 82+03 -28.1=£0.1 no data 44 28 4 110
Tapajos bed - N/A 0.14 £ 0.002 0.017 £0.0003 10+03 -294+0.2 1.02 no data no data nodata  no data
Tapajos 0 - 052 1571 £0.13 269 £0.005 68+01 -31.0+0.1 0.89 nodata nodata nodata no data
mainstem 0 - 16 1.80 £+ 0.02 0.23 £ 0.003 9.0 £0.1 -29.1 +£0.06 0.77 no data nodata nodata no data
mainstem  42.8 0.34 741 0.79 £ 0.04 0.07 £ 0.002 14+09 -285%x0.1 nodata 80 69 11 165
mainstem  20.6 0.34 135 1.01 £0.003 0.11 = 0.002 11+0.2 -28.8 £0.03 no data 71 52 9 163
mainstem 35 0.34 103 0.85 = 0.02 0.10 = 0.001 10 £03 —28.8+0.03 no data 66 51 8 146
mainstem 54 1.6 305 0.51+£0.02 0.054 +£0.001 11£05 -284+02 0.80 106 96 15 212
mainstem  39.83 1.6 182 0.54 £ 0.01  0.064 £0.002 98 +03 -28.6+0.1 0.78 80 66 9 176
mainstem 304 1.6 169 0.77 £0.02 0.086 +0.001 11 +03 -28.9+0.05 0.78 77 65 9 168
mainstem  14.95 1.6 53 1.06 £ 0.02 0.12 £+ 0.004 10+ 04 —-29.1 £0.05 0.77 60 45 7 139
mainstem  3.14 1.6 44 1.31 £ 0.02 0.16 £0.002 95+02 -289+0.06 0.74 55 38 6 133
mainstem  53.06 22 286 0.61 £0.01 0.066 £0.001 11+03 -28.6x0.1 nodata 93 80 13 194
mainstem  29.83 22 108 1.00 £ 0.01 0.11 £ 0.001 11+02 -28.8 £0.07 no data 71 50 8 171
mainstem  3.33 2.2 56 128 £0.02 0.14 £0.0003 11 +£0.2 —28.9+0.07 no data 62 42 7 153
mainstem  flood 0 N/A 0.50 £ 0.03 0.048 = 0.001 12+ 09 -28.1 £0.08 no data nodata nodata nodata no data
mainstem  bed 0 N/A  0.064 £ 0.002 0.0093 + 0.0004 8.0 £0.5 —26.6 = 0.09 0.60 nodata nodata nodata no data
mainstem  bed 0 N/A 0.022 + 0.001 BDL no data —26.9 + 0.02 0.87 no data nodata nodata no data

Note. Channel position for depth-specific samples at Obidos are referenced to the right bank across from Obidos (Figure 1). Errors for C/N and 5'3C are reported.
Relative errors of depth-specific F,, values are <1% and are not reported. BDL = below detection limit; “bed” = bedload; “flood” = floodplain deposit. “2005 samples
(refer to Table 1 for specific sampling dates).

composition of organic carbon in the sediments did not vary significantly with depth. 8'>C values ranged from
—29.1%0 to —28.0%o across all profiles and seasons, while '°N values ranged from 3.1 to 4.3%o. The range in
fraction modern (F,,) values was also relatively small (0.74-0.80), corresponding to a radiocarbon age span of
680 years (1,790-2,470 '“C years).

The composition of POC and particulate nitrogen in all mainstem surface samples collected in 2005 and 2014 was
similar to the POC composition of the depth-specific samples from 2014. The only difference was that the POC in
these surface samples was consistently older, with F,, values as low as 0.71 (2,760 "*C years), than the POC
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Figure 3. Fits of all depth-specific TSS concentration (C,) profiles measured at Obidos in 2014 to the Rouse Equation
(Equation 2; Bouchez, Métivier, et al., 2011; Rouse, 1950). Variable z is the height above the river bed H of each profile, and
C, is the surface-most measured C, value of each profile. The vertical lines corresponding to C, ~ 196 and 193 mg/L are the
sediment concentrations needed to compute equivalent sediment fluxes based on sampling at a single (50%) depth.

analyzed at specific depths. Surface suspended sediment concentrations in the Solimdes and Madeira rivers,
collected in 2005, were also similar to the range observed at Obidos (Bouchez, Métivier, et al., 2011). The % OC
in these sediments ranged from 0.49% in the Madeira River to 1.12% in the Solim&es River (Table 3). Weight %N
ranged from 0.08% in the Madeira River to 0.17% in the Solimdes River. Stable carbon isotope measurements of
POC in the Solimdes and Madeira River sediments were 0.3-1.1%¢ more '*C-enriched than the average 5'°C
value of depth-specific samples from Obidos. Fraction modern values in these samples were 0.05-0.11 units
lower than the average F,,, value of the Obidos samples. The Tapajos River had the most compositionally distinct
suspended sediments of the data set. Surface suspended sediment concentrations in July 2014 were much lower
than those observed in any other river, only 0.52 mg/L. Conversely, the %OC in these sediments was the highest
measured, 15.7%. Weight %N was also high, 2.69%. The F,, value was 0.89 (955 '*C years), corresponding to a
younger '*C age than any of the values measured at Obidos.

The weight %OC and %N in the three bed sediment samples from near the left bank of Obidos, the right bank of
Obidos, and the Tapajos River were lower than the corresponding values in all suspended sediment samples,
ranging from 0.022% to 0.14% organic carbon and from 0.0027% to 0.017% nitrogen, consistent with other
bedload observations in the basin (Bouchez et al., 2014) (Table 3). The §'C values of bed samples at Obidos and
in the Tapajés River were consistently more '*C-enriched (by ~1-2%o) than POC in suspended sediments in their
respective rivers. While radiocarbon ages in the Obidos bed samples ranged from F,, 0.60 (4,090 *C years) to
0.87 (1,100 '*C years), we neglect the higher F,, value (0.87) on the basis of specimen contamination (e.g., fresher
plant litter debris), as bed samples with such low %OC are typically older across the Amazon River Basin
(Bouchez et al., 2010). The Tapajés bed sample was modern (F,, > 1.0) and younger than POC in the Tapajos
suspended sediment. Values of %OC and %N of the right bank flood deposit near the Obidos cross-section were
more similar to the range in depth-specific sediments, 0.50% and 0.048%, respectively. The stable isotope
composition of the flood deposit was closer to the range observed across depth-specific suspended sediment
samples, as well.
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Figure 4. Depth profiles of n-alkane (a) abundances (ng/pg total particulate organic carbon), (b) 8'3C values (%o), (c) average chain lengths (ACL), and (d) carbon-
preference index (CPI) measured in Obidos center profiles in April 2014 (blue) and July 2014 (black). Additional ACL and CPI values for surface samples at Obidos in

2005 and different river tributaries are plotted as well. Different lines in (a) plot values for a different chain length between 19 and 35. The thicker width lines in (a) plot

chain lengths 29 and 31 only, highlighting the highest abundance n-alkanes.

3.4. Lipid Abundances and Isotope Composition

Measurements of leaf wax compounds provide a useful tool for tracing POC sources in complex mixtures such as
riverine sediments. Alongside our other analyses, these lipid abundances and carbon stable isotopes enable a more
nuanced understanding of the organic matter pools that contribute to bulk POC among different sampling seasons
and tributary locations. Total lipids were extracted from all large-volume suspended sediment samples from the
surface of the Amazon River mainstem (June 2005, April 2014, and July 2014), the Tapajos River (July 2014), the
Solimdes River (June 2005) and the Madeira River (June 2005), as well as from four depth-specific samples from
the two 2014 Obidos center profiles (Table 1). Compound-specific 8'>C values were not resolved for the April
2.7 m sample because the total lipid extract was too small. Compound-specific §'>C values were also not
measured in n-alkanes in the tributary samples.

Abundances of straight-chain n-alkanes in Obidos samples were quantified for 16 carbon chain lengths from 19
(C,9) to 35 (C35), and ranged from 0.001 to 0.4 ng/pg of total POC (Table S1, Figures 4a, Sc, and 5e). Generally,
POC-normalized compound abundances at Obidos were greater at the surface than abundances measured deeper
in the water column. Compared to bulk values, stable isotope values of odd chain-length n-alkanes spanned a
larger range across months and depths than all 8'*C values measured in bulk POC from the Obidos depth profiles,
ranging from —37.3%o to —28.3%o (Figure 4b, Table S1). Generally, lipids at the surface were more '*C-enriched
than lipids at deeper depths.

Average chain lengths (ACL) for n-alkanes (Equation 4a, Figure 4c) spanned a small range from 29.6 to 30.1,
decreasing slightly with depth. The distribution of abundances above chain lengths C,; displayed an odd-over-
even carbon chain length predominance in all Obidos samples, characteristic of terrestrial vegetation (Eglin-
ton & Hamilton, 1963) (Figures 5c and Se). Carbon-preference index (CPI) values (Equation 4b, Figure 4d)
ranged from 1.1 to 2.6 at depths of 0—3 m and from 3.0 to 3.5 at depths of 30—-54 m across both sampling seasons.
In general, lower CPI values, such as those associated with our surface samples, reflect weaker odd-over-even
predominance and may be indicative of microbial reworking of n-alkanes and petrogenic contributions (Higgi
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Figure 5. Abundances of (a, c, e) straight chain n-alkanes and (b, d, f) fatty acids measured in the Amazon River mainstem and tributaries over a range of longer chain
lengths. Each line in the Obidos April and July panels plots data from a different depth of the center profile, with the boldest line indicating data from the surface large-

volume sample.

et al., 2016; Wu et al., 2019). These low CPI values in these samples could also be influenced by petroleum
contamination, but there are no other indications in the data set to confirm this, such as petroleum-derived hopane/
sterane data (Volkman et al., 1992), anomalously low bulk F,, values, anomalously low compound-specific n-
alkane F,, values, or significantly different '>C values for odd versus even chain-length n-alkanes.

25[Cys| + 27[Cyy] +29[Cao] + 31[C3, ] + 33[Ca3] + 35[C;;s]

ACL —alkane = 4
el [Czs] + [C27] + [C29] + [C31] + [Csa] + [C35] (4a)
_ [Cys] +...[C53]  [Cas] +...[Cs3]
Plucatiane = 05X 16 T4 [Cal TICou] + - [Caa) (40)
ACLuyacs = 24[Cyy] +26[Cyg | + 28[Cas] + 30[Cso] + 32[Csy ] + 34[C34] )

[C24] + [C26] + [Czs] + [C30] + [C32] + [C34]

Relative abundances of straight chain n-alkanes in surface suspended sediments of the Solimdes River were
similar to relative abundances observed in the Obidos samples (Figure 5a), while Madeira River n-alkane
abundances were higher than both Obidos and Solimdes River samples, particularly for chain lengths 28 to 33.
While n-alkanes from the Solimdes River exhibited odd-over-even predominance, as observed in the mainstem,
the odd-over-even predominance in the n-alkanes from the Madeira River was weaker (CPI = 1.3). Average chain
lengths in all Obidos and Madeira River samples were similar, while ACL values for the Solimdes River sample
were lower 29.3 (Figure 4c).

Abundances of saturated straight-chain fatty acids (C;,—~C5,) measured at Obidos ranged from 0.008 to 4.0 ng/pg
POC (Figures 5d and 5f, Table S2). In most samples, the most abundant compounds were C,4 and C g (0.18-
4.0 ng/pg POC). At chain lengths above 22, the abundances exhibited strong even-over-odd predominance in all
samples. Differences in relative fatty acid abundances at different sampling months and across depths were
negligible, though notable spillage of the large-volume surface sample collected in July could have depressed
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Figure 6. (a—c) Histogram distributions of 5'3C values (%o0) and (d) profiles of average chain lengths (ACL) in fatty acids from mainstem samples collected in April
(blue) and July (black) 2014. The histograms (a—c) plot values for chain lengths 14-34 at three different depths, showing minor trends in distribution with depth. In (d),
additional ACL values are plotted for the surface samples taken from the Tapajos, Solimdes, and Madeira Rivers, and from the mainstem in 2005. Panel (e) plots fatty
acid 8"C values in these tributary and mainstem samples over chain lengths 14-34.

abundances quantified by the FID. Average chain lengths of fatty acids (Equation 4c, Figure 6d) did increase with
depth from 27.6 near the surface to 28.6 at 49 m in April 2014, and to a lesser extent from 28.2 near the surface to
28.6 at 54 m in July 2014. The stable carbon isotope composition of even chain-length fatty acids across the depth-
specific samples spanned a greater range than bulk 8'*C values in the same samples, from —37.5%o to —27.7%o
(Figures 6a—6¢). The 8'>C values were more '*C-enriched with depth for some chain lengths in July samples (i.e.,
22, 26, and 28), and more '*C-depleted with depth for other chain lengths in April samples (i.e., 24 and 26).

Straight-chain fatty acids were also quantified in surface suspended sediment samples from the Tapajos, Solimdes
and Madeira rivers. The upstream tributary samples displayed strong even-over-odd predominance among the
higher chain-length fatty acids (Figure 5b). Fatty acid abundances and ACL values generally exhibited a range
similar to the Obidos samples (Table S2, Figures 5 and 6d). Only the Tapajos River sample showed very elevated
concentrations of C 4, C4, and C g that were up to ~100 times higher than the abundances of these fatty acids
across all other 2014 and 2005 samples, yielding the lowest ACL calculated in the data set (25.8). Compound
abundances from chain lengths 24 to 28 in the Tapajés River were also significantly elevated relative to Obidos,
and Solimdes and Madeira River samples. By contrast, differences in 8'>C values among Tapajés and other river
samples were smaller. Even though the bulk POC from the Tapaj6s River is relatively '*C-depleted, only §'*C
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Figure 7. Activities of eight enzymes measured within the Obidos cross-section in July 2014.

values of C,, and C,, fatty acids were more than 1%. '*C-depleted than respective values in Obidos and other
tributaries samples (Figure 6e).

3.5. Enzyme Activities

Activities of eight extracellular enzymes measured at various depths within the Obidos cross-section in J uly 2014
ranged from O to 0.09 pmol/L-hr (Table S3, Figure 7). Values generally did not vary with depth or channel
position. Activities of the N- and P-yielding enzymes (i.e., leucyl aminopeptidase, phenylalanyl aminopeptidase,
and phosphomonoesterase) (Table 2) exceeded activities of the C-yielding enzymes (i.e., cellulase, beta-
glucosidase and xylanase) throughout profiles.

4. Discussion

The current study offers a cross-sectional survey of suspended particulate organic matter (POM) composition
from the mainstem of the Amazon River during two stages of the river's annual hydrological cycle, 1-2 months
before and after peak discharge. It is important to note that in the following analyses of the total organic carbon
pool and compound-specific biomarkers in particulate organic carbon (POC), measurements represent a mixture
of numerous carbon sources with diverse origins and degradation histories. The purpose of the current study is to
interpret the predominant sources of organic matter that drive the composition of POC exported through the river
cross-section, the processes that may cause them to shift within the parameters of this study (i.e., river depth and
season), and the implications such data have on the utility of depth-specific sampling in the Amazon River
mainstem.
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4.1. Export Flux Comparisons

Increasing TSS concentrations with depth in all profiles compiled at Obidos in April and July 2014 are indicative
of hydrodynamic sorting (Rouse, 1950), and consistent with prior depth profiles of the same size-fraction of
sediments compiled by Bouchez, Métivier, et al. (2011) across the central Amazon River Basin (Figures 2 and 3).
This sorting effect is supported by even lower TSS concentrations in the surface large-volume samples (<1 m
depth) (Table 3). Despite the lack of change in river discharge between April and July 2014, z, values increased
by 0.08 units from 0.26 to 0.34. The Rouse numbers that we report are similar in magnitude and temporal variation
to the numbers estimated from profiles at Obidos in March 2006 (zg = 0.24) and June 2005 (zg = 0.39) (Bouchez,
Métivier, et al., 2011).

Increases in grain sizes with depth in July 2014 sediment profiles relative to April 2014 profiles (Student's #-test,
p < 0.05) could have enhanced the depth gradient in July sediment concentrations, leading to higher zy values.
This is consistent with a Ganga River study (Lupker et al., 2011), which partitioned and modeled Rouse profiles of
suspended sediment concentrations by grain size, reporting higher z; values for profiles plotting concentrations of
larger grain sizes. Several factors could have increased the grain size of Amazon River suspended sediments
between April and July. Of the three major tributaries upstream of Obidos, variations in the sediment-rich Sol-
imdes and Madeira Rivers contribute disproportionately to seasonal variations in sediment grain size in the
mainstem, relative to the sediment-poor Negro River (Kim et al., 2012). Although we do not have 2014 grain size
data from these upstream tributaries, Bouchez, Métivier, et al. (2011) reported higher median grain diameters in
the Solimdes River relative to the Madeira River. Therefore, a higher relative discharge from the sediment-rich
Solimdes River in July, as recorded by the Agéncia Nacional de Aguas, would result in a larger gradient in [TSS]
between the river surface and river bed in July. In addition, as will be discussed in Sections 4.2 and 4.3, variations
in the POC source could further add to these differences in particle size from April to July, particularly the
contribution of larger organic debris from the floodplain.

Overall, our TSS flux estimates (53,000 kg/s in April and 48,000 kg/s in July) are similar in magnitude, though
less variable, to fluxes estimated by Bouchez, Métivier, et al. (2011) in June 2005 and March 2006 (61,300 and
39,700 kg/s, respectively) (Table 1). They generally diverge from studies that estimate flux by multiplying
discharge by TSS concentration at a single depth. For example, our fluxes are more than five times greater than
high water fluxes calculated by Kim et al. (2012) during two expeditions to Obidos in 2005 and 2009 (~8 tons/s or
7,300 kg/s). Computing sediment fluxes equivalent to ours as the product of discharge and [TSS] from a single
depth requires TSS concentrations of 196 mg/L in April and 193 mg/L in July, much greater than surface values
reported in Kim et al. (2012). Interestingly, other studies at Obidos have focused on sampling TSS at the midpoint
depth rather than at the river surface (Ward et al., 2015). As Figure 3 illustrates, these target concentrations are
greater than our modeled Rousean TSS values at their midpoint depths, though some of our discrete midpoint
samples are close to 196 and 193 mg/L. Importantly, these juxtapositions are incomplete in that both Kim et al.
and Ward et al. sampled particles in different years and within different pore size intervals, >0.7 pm and 0.45—
63 pm, respectively, compared to >0.2 pm in this study.

Particulate organic carbon concentrations increased with depth alongside TSS. We calculated POC fluxes during
each sampling month by linearly regressing [POC] against [TSS] (Equation 5) using a Type Il regression function
in Matlab. This yielded a slope (mg [TSS]/mg [POC]) and intercept (mg/L [POC]) which can then be substituted
into the Rouse-modeled C, in Equation 2:

[POC] = m[TSS] + b (5)

In this equation, m is the slope of the linear relationship (0.0079 mg POC/mg TSS in April and 0.0072 mg POC/
mg TSS in July) and b is the intercept (0.46 mg POC in April and 0.075 mg POC in July). The integrated POC flux
in April 2014 was 544 kg/s, while the integrated POC flux in July 2014 was 369 kg/s (Table 1). This difference is
larger than the difference between TSS fluxes during both months, and can be explained by a significant decrease
in the average %OC in depth-specific suspended sediments from 1.16 + 0.2% (mean + 1 S.D.) in April to
0.88 + 0.27% in July (Student's #-test, p < 0.05). Scaling 544 or 369 kg/s to 1 year results in a flux of ~12-17 Tg/
year, though these values are likely overestimates because fluxes could be much lower during lower discharge
periods (Moreira-Turcq et al., 2003). Compared to the TSS flux comparisons, these POC fluxes diverge less from
previous studies. Again, our instantaneous fluxes are similar to those reported in Bouchez et al. (2014) but ~3—4
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times higher than those reported by Kim et al. (2012) during high water. Interestingly, they are close in value to
instantaneous POC fluxes reported by Moreira-Turcq et al. (2003), who used a single mean POC concentration to
calculate flux. Furthermore, our annual fluxes are similar to earlier flux estimates of 14 Tg/year by Richey
et al. (1990), who deployed a depth-integrated sampler to measure POC concentrations (Richey et al., 1986).

Overall, these flux comparisons highlight the importance of accounting for cross-sectional variation and hy-
drodynamic sorting when estimating TSS and POC exports in the Amazon River main stem. The impact of this
methodology on TSS flux calculations is particularly high when considering and comparing numbers across
studies. But, cross-sectional sampling is potentially less impactful for calculating POC fluxes; our calculated
fluxes were not consistently different from past studies that estimated POC concentration from other depth
integration methods. One possible reason is that POC concentrations are affected not only by the total suspended
sediment load but also by the %OC values in these particles, which tend to decrease with depth (Figure 2)
alongside increases in particle size and decreases in mineral surface area (Bouchez et al., 2014).

4.2. Vertical Distributions in POM Composition

Despite the clear hydrodynamic sorting of sediment and POC concentrations in the mainstem, POC composition
is less variable throughout both cross-sectional surveys in April and July 2014, as changes in C/N and carbon
isotope composition (5'C and F,,) are smaller than changes in [TSS] (Table 3, Figure 2). In their 2005 expe-
ditions to Obidos, Kim et al. (2012) noted a similar homogeneity in C/N and carbon isotope composition with
depth. The lack of large depth-specific variations in bulk POC composition is one likely reason that enzyme
activities were homogenous throughout the cross-section at Obidos as well (Figure 7), supporting an argument
that the homogenous organic matter composition throughout the mainstem controls enzyme activities to a greater
extent than changes in particle surface area/grain size and TSS concentrations. Importantly, the invariable enzyme
activities do not negate the influence of particle-microbe interactions on the metabolism of organic matter in
mainstem waters (Satinsky et al., 2014). Indeed, incubation studies have reported a relationship between mi-
crobial respiration rates and water velocity in Amazon River water samples (Ward et al., 2018, 2019), the latter of
which does span a large range with depth (Figure 1). Furthermore, if these enzyme activities are free-living,
detached from bacterial cells in the aquatic environment, or associated with DOC respiration, they are not likely to
correlate with or serve as a proxy for changes in microbial respiration in the water column (Baltar, 2018). Given
that our results comprise the first measurement of enzyme activities in the Amazon River mainstem, we suggest
further exploration of enzyme activities to understand in situ microbial dynamics in relation to sediment sorting
and POC composition in the mainstem and tributaries.

There are, however, a few notable differences in POC composition across sample depths and a variety of mea-
surements suggest that such differences reflect a decrease in the degradation state of organic carbon from surface
to deep. This is particularly notable in July 2014, when fraction modern values were lowest in surface POC
samples and highest in deeper samples (Figure 2). Although the bed load sample at Obidos still exhibits the oldest
bulk carbon signature (lowest F,)) value, consistent with F,,, profiles in Bouchez et al. (2010), these data point to
an accumulation of fresher (i.e., less degraded) organic matter just above the river bed. Both bulk C/N ratios and
n-alkane measurements (abundances, stable carbon isotope composition and CPI values) further corroborate this
argument. The small increase (~16%) in center profile C/N ratios with depth, and an even larger increase (~40%)
within profiles near the right bank in July, implies a shift toward fresher degradation states and greater input of
vegetation debris with depth (Hedges et al., 1986; Ometto et al., 2006). Decreases in 8'*C values of Cyg and Cs, n-
alkanes from surface to deep and increases in CPI values with depth (Figure 4) fit the perspective that this deeper
POC comes from fresher C3 vegetation, while a pool of more degraded, microbially reworked leaf wax com-
pounds concentrates at the surface (Feakins et al., 2018; Héggi et al., 2016; Wu et al., 2019). A concurrent
decrease in POC-normalized C,4 and C5; abundances with depth additionally suggests that the n-alkanes near the
surface may represent a greater range of degraded source material from across the catchment area, as opposed to a
more localized fresh source observed at depth (Hemingway et al., 2016).

Coupled with grain size profiles (Figure 2), these depth-specific differences in POC composition suggest that
fresher organic matter pools are exported in coarser particles, and are associated with higher zy values, as
observed in our July 2014 Rouse fits (Section 4.1) (Feakins et al., 2018). By contrast, finer particle size fractions
carry old and/or more degraded organic matter, remaining homogenous throughout the water column and
lowering zy values in TSS profiles (Bouchez et al., 2010; Lupker et al., 2011), which is especially apparent in the
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Figure 8. Bulk N/C ratios (the inverse of C/N) as a function of (a) &' 3C (%0) and (b) fraction modern (F,,) in samples collected in June 2005, April 2014, and July 2014. In
the legend, colors are specific to location and/or time, while the symbols refer to sample type (circles for depth-specific samples, triangles for surface samples, and
diamonds for bed/floodplain samples). The shaded box represents the range of known N/C ratios for soil and soil microbial biomass in the Amazon River Basin
(Quesada et al., 2010, 2020; Xu et al., 2013).

less variable F,, and grain size profiles in April (Figure 2). This understanding is consistent with earlier Amazon
River Basin studies that typically divided riverine POC between an older <63 pm “fine” fraction and a fresher
>63 pm “coarse” fraction (Aufdenkampe et al., 2007; Hedges et al., 1986, 1994, 2000; Richey et al., 1990). But
notably, we are able to report complementary results by pooling all suspended sediment data into one size-fraction
(>0.2 pm), rather than into discrete size classes, assuming that organic matter degradation stages are more likely
to partition along a continuum of grain sizes.

Returning to the question of sampling methodology, these bulk POC and n-alkane profiles suggest that even though
depth-specific sampling may be necessary to accurately calculate export fluxes across the mainstem (Section 4.1),
single measurements may be sufficient to understand POC composition. At worst, a single POC measurement at the
surface or at a midpoint depth, rather than several throughout the cross-section, might under-sample the coarse and
fresh organic matter pool that comprises the deeper and more heterogeneous source of POC in the mainstem. Thus,
when comparing compositional measurements across studies, differences in sampling depth are likely less
important than differences in sampling methodologies like pore size or, potentially, time of year.

4.3. Differentiating Soil Organic Matter Sources to Riverine POC

The small variations in POC composition that exist across depth profiles of the Amazon River mainstem (Sec-
tion 4.2) and between the two sampling seasons do create an opportunity to explore the different processes that
mobilize organic carbon in the Amazon River Basin. In addition to shifts in C/N ratio, F,,, and n-alkane
composition within depth profiles, lower average M C/N ratios of 8.7 + 0.89 in April compared to 10.8 = 1.2 in
July (p < 0.05, Student's t-test) in depth-specific samples, as well as significantly higher (more positive) bulk
8!3C values in April (—28.2 + 0.1%o) than in July (—28.8 =+ 0.2%0), suggest a shift in organic matter source
between river stages.

Importantly, the abundances of n-alkanes and fatty acids measured in suspended sediment samples from various
depths at Obidos underscore the influence of terrestrial vegetation in riverine POC within the mainstem. Odd-
over-even predominance of the higher chain length n-alkanes (C,s—Css), a stronger even-over-odd predomi-
nance of the higher chain length fatty acids (C,,—~C5,), and high ACL values of each compound class reflect input
from land plants (Figures 4c, 5, and 6d) (Cranwell, 1982). Stable carbon isotope values for the long-chain n-
alkanes and fatty acids are within the range of previous values measured in long-chain n-alkanes and fatty acids
across the Amazon River Basin (Feakins et al., 2018; Haggi et al., 2016) (Tables S1 and S2, Figures 4b, 6a—6c¢).
These isotope values are similar to the bulk leaf 8'C of woody C3 plants from ferra firme forests
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(average = —32.3%0), and roughly 4%o more depleted than C3 leaf samples from the savannah region
(average = —29.0%0) (Ometto et al., 2006; Powell et al., 2012; Sanaiotti et al., 2002). Notably, these offsets are
smaller than previously published offsets (e.g., ~5.9%0 difference between n-alkanes and bulk C3 leaves)
(Collister et al., 1994), suggesting additional sources of '*C-enriched n-alkanes.

The small presence of high elevation plants from the Andes and C4 plants from southern regions of the Amazon
River floodplain could contribute 13C-enriched n-alkanes in the mainstem (Feakins et al., 2018; Feng et al., 2016;
Martinelli et al., 1994; Powell et al., 2012; Wu et al., 2017). Another reason that compound-specific 8'°C values
are more '*C-enriched than expected for fresh vegetation is that the majority of vegetation-derived POC in the
Amazon River Basin enters the river via the soil organic matter reservoir, which bears a strong degraded
vegetation signature (Feakins et al., 2018; Hedges et al., 1986). Indeed, long-chain (C,, 3,) fatty acids from
Obidos in 2005 exhibited a fraction modern value of 0.83, corresponding to 1,530 '*C years (Eglinton
et al., 2021), implying that a significant fraction of the organic matter derived from vegetation in the mainstem
POC is likely pre-aged. If these n-alkanes came from atmospheric CO, that was fixed centuries ago, the Suess
Effect (Ehleringer et al., 2000; Feakins et al., 2018) could have a compound effect in raising the 8'*C value of
older n-alkanes relative to modern vegetation.

Adding to the argument that riverine POC is largely soil derived and pre-aged, the bulk C/N and 8'°C values
measured for POC throughout the mainstem at Obidos are within the range of values observed for soils across the
drainage basin (Table 3, Figure 2) (Quesada et al., 2010, 2020; Sanaiotti et al., 2002). Mainstem C/N ratios, in
particular, closely approximate values observed in tropical soil microbial biomass (~9) (Xu et al., 2013), sug-
gesting that bacterial communities must contribute an important fraction of the organic matter in these exported
soil pools. Figure 8a illustrates a weak but positive correlation between bulk N/C (the inverse of C/N) and §'*C
values measured in suspended sediments at Obidos, highlighting a mixing relationship between a fresher, low N/
C (high C/N), and '*C-depleted end-member and a more degraded, high N/C (low C/N), and "*C-enriched end-
member (+* = 0.23). This mixing relationship is slightly stronger in July samples only (+* = 0.34), and when
including bedload, floodplain deposit and upstream tributary samples (+* = 0.26). Figure 8b illustrates a com-
plementary negative relationship between bulk N/C (the inverse of C/N) and F,, values in the same samples
(** = 0.36-0.39), supporting the perspective that these low N/C (high C/N) samples are indeed younger in age
(higher F,,), while the high N/C (low C/N) samples are older (lower F,,).

Two non-mutually exclusive hypotheses could account for these distinct soil-derived end-members exported by
the Amazon River mainstem: (a) the mixing of several soil sources from different landscapes that bear distinct
8'2C signatures and degradation histories, and (b) the mixing of soils from different depth horizons throughout the
drainage basin. The first hypothesis makes sense considering that, while the majority of the surface area covering
Amazonia is dominated by '*C-depleted C3 landscapes in the low-lying floodplain, there are sources of more '*C-
enriched POC from C4 grassland ecosystems and higher altitude Andean landscapes. The soil POC exported by
higher elevation landscapes into the Madeira and Solimdes Rivers are 13C-enriched relative to floodplain POC
because of altitude effects (Aufdenkampe et al., 2007; Feakins et al., 2018; Wu et al., 2017) and the flushing of
petrogenic organic carbon (Bouchez et al., 2014).

To return to seasonality, this mixing of geographically and isotopically diverse landscapes, both soil-derived and
petrogenic, would provide one explanation for the slight differences in the bulk POC composition observed at
Obidos between sampling months. The more '*C-depleted/N-depleted and younger (lower F,,) bulk values in July
(Table 3) are consistent with increased drainage of the adjacent floodplain and varzea lakes, where soils are
replete with the residual organic carbon of C; plants (Feakins et al., 2018; Moreira-Turcq et al., 2013; Quay
et al., 1992). Floodplain lakes, in particular, can entrap POC and resupply POC to the mainstem during receding
water levels (Park & Latrubesse, 2019). Past measurements of CO, evasion fluxes further suggest that such
flooded landscapes export relatively fresh organic matter (Abril et al., 2014). Thus, this enhanced exchange
between floodplain and riverine POC explains how the C/N ratio of suspended POC in July is closer in
composition to that of the N-depleted floodplain deposit sample, and how coarser, less degraded particles from
floodplain lakes could end up accumulating in the deeper sections of the river during this season (Figure 2).

By contrast, the more '*C-enriched/N-enriched and older (lower F,,) distribution of data from April 2014 implies
that the mainstem during rising waters is influenced by a greater proportion of POC from several upstream
tributaries. POC in this sampling month is compositionally more similar to the signature of the Solimdes and
Madeira River samples (Table 3, Figure 8). Indeed, data from the Agéncia Nacional de Aguas show that Solimdes
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River discharge rose from April to May 2014, while Madeira River discharge peaked in March—April 2014 and
decreased thereafter. In addition, increased incidence of landslides in the Andes during the months leading up to
April would increase the input of high altitude '*C-enriched POC from these tributaries (Clark et al., 2013), and
the supply of old petrogenic organic carbon (Bouchez et al., 2014) to Obidos. The preferential transport of the
more degraded pools of this Andean soil source to Obidos would explain both the more degraded and '>C-
enriched signatures of POC observed in April as well.

The second hypothesis could also explain the partitioning of POC in the mainstem because soil organic matter
across the Amazon River Basin typically gets more '*C-enriched with depth within the first ~2 m below the surface,
a result of microbial degradation and the Suess Effect (Ehleringer et al., 2000; Ometto et al., 2006; Sanaiotti
et al., 2002; Wu et al., 2019). Feakins et al. (2018) also found that the §'3C values of n-alkanes in soils from the
Madre de Dios River catchment area in the Andes were more '*C-enriched due to flushing from deeper, older soil
layers. This second hypothesis does not exclude the importance of riverine POC sources from different landscapes
(i.e., our first mechanism, described above). But, similar to hypothesis one, it does explain the temporal shifts in
bulk 8'*C and C/N values of POC at Obidos, particularly the greater input of '*C-depleted, higher C/N soil POC in
July, as falling river waters draw more carbon from the superficial layers of the floodplain (Bouchez et al., 2014).
Again, input of this fresher organic matter to the river in July is consistent with accumulation of higher F,, POC
from coarser and less degraded vegetation debris in the deeper sections of the river (Figure 2).

4.4. Radiocarbon Ages in the Tapajos River

While floodplain lakes surrounding the mainstem have been observed to be sites of high phytoplankton and
macrophyte growth, in situ primary production is not a significant component of riverine organic matter at Obidos
(Moreira-Turcq et al., 2013; Saliot et al., 2001). This is particularly clear when compared to the composition of
Tapajés POC, which clearly falls off the mixing line in Figure 8a, with its high N/C (low C/N) and low §'>C value.
This observation is consistent with prior observations of Tapajoés River POC composition and chlorophyll-a
concentrations that imply a dominant input of in situ primary production (Martinelli et al., 1994; Mortillaro
et al., 2011; Ward et al., 2015). The combination of a relatively deep euphotic zone depth (from low TSS con-
centrations) and slower water velocities in the Tapajos River, especially during the low water season, encourages
greater growth of phytoplankton and cyanobacteria compared to the sediment-rich Amazon River (Mortillaro
et al., 2011).

Far greater C,4 and C,g abundances (23.2 ng/pg POC and 11.4 ng/pg POC, respectively) relative to higher chain
length fatty acids, driving a lower fatty acid-based ACL value at the tributary surface (Figure 6d), also highlight
the dominance of phytoplankton-derived organic matter in July 2014 (Cranwell, 1982; Mortillaro et al., 2011)
(Table S2), while it is comparatively absent in fatty acid distributions from the mainstem and both the Solimdes
and Madeira Rivers. Interestingly, even-over-odd predominance of fatty acids in this sample suggests that
vegetation still comprises a source of POC in the Tapajos River. Thus, it is possible that Tapajés River POC
reflects a constantly shifting balance between terrestrial POC inputs and primary production, which could explain
observations of more "*C-enriched POC collected during other months of the year in this tributary (e.g., Mor-
tillaro et al., 2011; Ward et al., 2015).

The radiocarbon ages measured in the Tapajos River samples are more perplexing. The Tapajés River bed sample
exhibited a modern-aged F,, value of 1.02 (Table 3, Figure 8b), supporting the perspective that fresh organic
matter is indeed a source of organic material deposited on the river bed, though its §'>C and C/N signature implies
a terrestrial, rather than phytoplankton-derived, source (Martinelli et al., 1994; Quesada et al., 2010) (Figure 8a).
Possibly, backwashing of the Amazon River mainstem into the Tapajos River slows the river flow down enough
to promote settling of coarse and fresh POC flushed in from the floodplain, complicating the inputs of river carbon
to the Tapajds bedload (Fricke et al., 2017). Preferential respiration of autochthonous organic matter and burial of
terrestrial POC may also contribute to the terrestrial signature of the Tapajos river bed (Bertassoli Jr et al., 2017).
More importantly, the suspended POC in the Tapajos River is not modern, exhibiting a surprisingly low F_, < 0.9
(Table 3, Figure 8b). Assuming in situ fixation of DIC with a modern radiocarbon age, an age which is empirically
unknown for the Tapaj6s River but observed elsewhere across the floodplain (Mayorga et al., 2005), one would
have expected a Tapajés POC F,, value >1, similar to the bed sample. More seasonal measurements of Tapajds
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POC, and further analyses of the radiocarbon age distribution of bulk POC using temperature-controlled ramped
pyrolysis/oxidation analysis (Hage et al., 2020; Rosenheim & Galy, 2012) could provide further insight toward
the isotopically distinct POC exported by the Tapajds River.

5. Conclusions

As the world's largest river by discharge and drainage basin, the Amazon River mainstem transports over 10 Tg of
particulate organic carbon (POC) per year, representing the fraction of organic carbon export from this river basin
with the highest likelihood of sequestration in Atlantic Ocean sediments. Building upon decades of prior research,
our bulk and compound-specific analyses of POC from two Obidos surveys (2005 and 2014) highlight that the
majority of these particles are small-sized, well mixed in the water column, and soil-derived. This quantity of soil-
derived POC exported from the Amazon River Basin alone comprises 1% of the magnitude of the increase in
global riverine organic carbon export to the ocean during the Industrial Revolution from soil mobilization,
1 = 0.5 Gt carbon per year (Friedlingstein et al., 2019; Regnier et al., 2013).

At the same time, a smaller but non-negligible fraction of riverine particles that are larger in size are of relatively
fresh origin, deriving from vegetation debris, and tend to accumulate in deeper sections of the river. The fact that
our bed load measurements are so carbon-poor and old, compared to the suspended sediments, implies that this
less degraded carbon pool is not deposited on the river bed and may indeed be exported to the Atlantic Ocean too.
Without further (including depth-specific) measurements downstream, it is unclear how the proportions of older
and younger POC change downstream, especially with input of POC from other tributaries, such as the Tapajos
River, which bears a stronger aquatic production signal. Particle input from the Xingu and Tocantins Rivers
downstream can alter the composition of POC that is ultimately exported to the Atlantic Ocean as well (Ward
et al., 2015).

Methodologically, our approach to sampling suspended sediments from several profiles of the Amazon River
cross-section shows that depth-related differences in total POC concentration follow trends expected from ver-
tical hydrodynamic sorting, supporting the application of the depth-specific sampling approach to calculate export
fluxes in large rivers in the Amazon River Basin. However, because vertical differences in organic matter
composition are comparatively small, the depth-specific sampling approach is perhaps not essential for tracing the
sources of POC exported by the Amazon River. Given the large seasonal variations in Amazon River discharge, it
is possible that this conclusion is not applicable for suspended sediments from other stages of the hydrological
cycle before and after the high/peak flow months, which we did not sample. Undoubtedly, the mobilization of
coarse and fresh organic debris into the river can vary throughout the year with different seasonal drainage
patterns over the river basin. For future studies in the mainstem and surrounding tributaries, one potential
approach that might balance accuracy and analytical effort would prioritize cross-sectional analyses of POC
composition when zp values are greater than a certain threshold (e.g., zg > 0.25). This approach would still
require depth-specific sampling to calculate flux and derive a zy value during each field assay, but it would limit
further compositional measurements of these depth-specific samples. This “middle ground” approach could be a
valuable in other large drainage basins and deep, wide rivers that exhibit hydrodynamic sorting and a seasonality
like the Amazon River.

Data Availability Statement

All discrete sample data for this research are included and tabulated in the current paper and its supplementary
information files, as well as in Bouchez, Métivier, et al. (2011) and Bouchez et al. (2014). These sample data,
including raw water velocity data sets obtained from the Acoustic Doppler Current Profiler, are further located in
an open access (Creative Commons Attribution 4.0 International) repository on Zenodo (Rosengard, 2023).
Readers may access this repository by navigating to the following DOI address in their Internet browser: https://
doi.org/10.5281/zenodo.8392815.
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