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1 Introduction

The burial of organic carbon (OC) in soils and sedimentary depocenters can remove carbon from the
atmosphere over timescales of centuries to millennia (Hilton and West, 2020; Galy et al., 2015; Blair and Aller,
2012; Battin et al., 2009; Hayes et al., 1999; Stallard, 1998; France-Lanord and Derry, 1997; Berner, 1982). OC
buried in sedimentary basins is mainly sourced from tectonically active environments, like mountainous areas
where physical erosion mobilizes hillslope bedrock and soil, generating sediment (e.g., Galy et al., 2015; Blair
and Aller, 2012; Stallard, 1998). Rivers play a key role as conduits in the carbon cycle, moving OC eroded from
rock, soil and vegetation from terrestrial to marine carbon reservoirs if the transported carbon is buried in a
sedimentary basin (e.g., Schliinz and Schneider, 2000). The long spatial and temporal scales of this transport allow
for carbon transformation during transfer and intermittent storage (Blattmann et al., 2019; Galy et al., 2008), for
instance in floodplains, estuaries, and coastal mud belts (Repasch et al., 2022; Scheingross et al., 2021; Canuel
and Hardison, 2016; Aller, 1998).

It is usually assumed that once particulate organic matter (POM) from terrestrial sources has been

transferred into rivers, it is transported with the fine suspended sediment (Kao et al., 2014). Estimates of POM
flux, as opposed to dissolved OM, suggest that rivers deliver 110 — 230 MtC into the oceans annually (Galy et al.,
2015). River bedload can comprise lithic fragments that contain fossil organic carbon (Smith et al., 2013b; Hage
et al., 2020; Kao et al., 2014), a phase of particulate OC that might be oxidized and emit CO: during floodplain
transit (Dellinger, 2023). A second organic bedload component consists of plant debris.
Particulate OM includes coarse plant material and can be abundant, ranging from 10 up to 80% of the total fluvial
OC flux (Seo et al., 2008; West et al., 2011; Kao et al., 2014; Turowski et al., 2016). Hillslope mass wasting,
overland flow, and flooding of riparian zones can mobilize leaf litter and woody debris into the fluvial routing
system (Turowski et al., 2016; West et al., 2011; Wohl et al., 2009). Coarse POM can float at the river surface,
where it is visible and accountable (e.g., Ruiz-Villanueva et al., 2019; West et al., 2011; Wohl et al., 2009), or it
can move along the river bed where it is more difficult to observe and measure (e.g., Turowski et al., 2013). The
physical, chemical, and biological breakdown of woody debris (Seo et al., 2008) resting in the landscape allows
the material to become waterlogged within days or weeks (Hoover et al., 2010). This can increase the density of
organic debris above the critical value of 1.0 g cm™ so that it will sink to the river bed (Turowski et al., 2016;
Turowski et al., 2013). There, it can be transported with the bedload (e.g., Schwab et al., 2022; Hage et al., 2020;
Lee et al., 2019; Turowski et al., 2016; Liu et al., 2016), and has been observed to comprise up to 75% of all
coarse POM (Turowski et al., 2016).

Several studies describe fresh, coarse terrestrial organic debris transported to delta plains (Allen et al.,
1979) and offshore (West et al., 2011) by turbidity currents (Hage et al., 2020; Liu et al., 2013; Tyson and Follows,
2000). When capped by muddy siliciclastic sediments, terrestrially sourced, coarse POM is protected from fast
degradation (Hage et al., 2020; Lee et al., 2019; McArthur et al., 2016; Sparkes et al., 2015), leading to
preservation rates of up to 70% (Hage et al., 2022; Kao et al., 2014). Coarse woody debris and litter fragments
have been described in aged deep marine fan deposits (Lee et al., 2019) and to represent up to 12% of the mass in
exhumed turbidites layers (Turowski et al., 2016; Tyson and Follows, 2000). Taken together, these observations
suggest that transport of terrestrial POM in river bedload may be a relevant pathway in the global carbon cycle

(Hage et al., 2020; Lee et al., 2019; Kao et al., 2014), both during source to sink transit and in depocenters.
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However, organic debris at the river bed is difficult to observe and quantify due to logistical difficulties
in sampling and highly variable transport rates (Turowski et al., 2013). The occurrence, recruitment, sources and
fate of POMBed during transport has only been addressed for a few headwater streams (Turowski et al., 2016;
Turowski et al., 2013; Bunte et al., 2016; Iroumé et al., 2020; Fogel and Lininger, 2023), and even less for lowland
systems (Hage et al., 2022; Schwab et al., 2022). The paucity of work on the origin of POMged, and its endurance
in long-range fluvial transport after erosion, makes it difficult to build a mechanistic model to predict bedload OC

fluxes and quantify their role in the terrestrial OC cycle.

In this study, we evaluate the role of organic bedload in the OC cycle of a large lowland river, the Rio
Bermejo in northwest Argentina. This river is a major tributary to the Rio Paraguay, draining a section of the
eastern central Andes across an 800 km wide foreland without overwhelming human intervention (Repasch, 2023).
The lowland portion of the Rio Bermejo has no major tributaries or distributaries over a flow distance of almost
1300 km, ruling out sediment mixing complexities inherent to dendritic drainage networks. We address three
questions designed to understand the role of POMBged in the terrestrial carbon cycle: 1) Is POM transported with
bedload in the lowland Rio Bermejo? 2) If so, what are the source areas and mechanisms for POMged recruitment?
3) Does POMBed survive long-range transport without transformation through the Rio Bermejo? To answer these
questions, we collected organic-rich material traveling at the river bed, analyzed the geochemical composition of
the collected organic-rich material and tracked compositional changes with increasing distance downstream from

the headwaters.

2 Study Area, Sampling Methods and Analyses
2.1 Study area

The Rio Bermejo, catchment area of 120,283 km?, drains the northern-western Argentinian Andes before
crossing the Gran Chaco alluvial plain and joining the Rio Paraguay (Fig. 1a). The Rio Bermejo headwaters extend
to the eastern limit of the arid Puna Plateau, at an elevation of ~4 km. Headwater streams drain high-altitude dry
grasslands, ultimately merging to form the upper Rio Bermejo in the north and the Rio San Francisco (a major
headwater tributary of the Rio Bermejo) in the south (Fig. 1). In the southern headwaters, mean annual rainfall is
around 1000 mm yr! and dense Yungas forests cover deeply weathered foothills. In the northern headwaters, the
hinterland comprises the Eastern Cordillera and the Sub-Andean zone with highly variable rainfall up to 1400 mm
yr'! and Yungas montane forest (Fig. 1¢). Steep relief and intense precipitation in these northern headwaters result
in high sediment yields to the Rio Bermejo.

At the Andean Mountain front, the upper Rio Bermejo and the Rio San Francisco merge to form the
lowland Rio Bermejo, a sand bed river crossing the foreland basin. Just after the headwater confluence, the
lowland Bermejo exhibits a braided morphology, with river width varying from 1-3 km. 175 km downstream of
the confluence, the river transitions into a meandering channel, with migration rates from 40-80 m yr'!. The
channel width narrows to 170 m in the most downstream parts, towards the confluence with the Rio Paraguay
(Repasch, 2023; Repasch et al., 2020; Sambrook Smith et al., 2016). River depth ranges between 4 to 10 meters
at high flow with channel depth increasing downstream (Sambrook Smith et al., 2016). The daily water discharge

averages 432 m’ s™!, however, the wet season discharge of the austral summer accounts for ~75% of the annual
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flow, with daily discharges up to 2,000 m® s (Golombek et al., 2021; Sambrook Smith et al., 2016). Grain size
analyses show downstream fining of the suspended river load (Repasch et al., 2020) from medium sand, on
average 280 um in the headwaters, to very fine sand to silty sand, on average 90 pm in the downstream part of the
river (Sambrook Smith et al., 2016; McGlue et al., 2016). The Rio Bermejo delivers ~80 Mt yr! of suspended
sediment to the Rio Paraguay. Suspended sediment input from the Andean headwaters at the Bermejo-San
Francisco confluence is significantly higher, ~103 Mt yr!, suggesting net deposition during foreland transit
(Repasch et al., 2020). The Rio San Francisco contributes ~14% to the total suspended sediment load of the Rio
Bermejo mainstem, whereas, the northern headwaters contribute ~86% (Repasch et al., 2020), likely reflecting

the south to north gradient in precipitation, vegetation, and erosion rate.
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Figure 1: Catchment overview of the Rio Bermejo mainstem and main headwater tributaries (a) Topographic map (ASTGTM,
Spacesystems and Team, 2019) with sample types indicated at each sampling location. Top right: catchment location in
Argentina. Bottom left: zoomed view of the tributary confluence at the mountain front. (b) C4 vegetation cover, as a percentage
of total C3 and C4 vegetation cover (Powell et al., 2012). (c) Average annual precipitation rate (Hijmans et al., 2005).

Our work is focused on the Rio Bermejo downstream of the east Andean Mountain front, from the
confluence of the Rio Bermejo and the Rio San Francisco at 304 m. asl. to the Rio Bermejo-Rio Paraguay
confluence at 50 m asl.. The linear distance between these points is ~700 km, while the river has a channel length
of ~1300 km due to its high sinuosity. Over this distance, no significant tributaries join the Rio Bermejo, making

it an ideal setting for our source to sink study of organic bed material.

2.2 Sampling
During sampling campaigns in 2013, 2015, 2017, 2019 and 2020, we collected headwater and lowland
floodplain leaf litter, coarse floating particulate organic matter (POMaoat, >1 cm diameter), soils from dry

paleochannels, river bank sediments, suspended sediment, and bedload material in the Rio Bermejo catchment
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(Table 1, Fig. 1a). Sampling of bedload was curtailed by pandemic travel restrictions coming into force during
fieldwork in March 2020.

The sampling sites at Rio Colorado and Embarcacion are located within the northern headwaters (HWnortn), and
Caimancito and Pichanal are sampling sites in the southern headwaters (HWsourn) along the Rio San Francisco
(Fig. 1a). We sampled the Rio Bermejo main stem at five separate locations between the upstream most location
at Carboncito (14 km linear distance downstream of the mountain front confluence), and the downstream most

site at General Mansilla (660 km linear distance downstream of the mountain front confluence) (Fig. 1, Table 1).

Table 1: Overview of the bedload sampling sites, location, number of samples and type of sampling

Location ID Location Latitude Longitude Bermejo catchment Distance from Year n Sample

name mountain front type
(km)

AR20SDO1 Caimancito -23.7109 -64.5366 Southern Headwater — -22 2020 2 Transect
HWsouth-2 Rio San Francisco

AR20SDO05 Rio Colorado -23.2962 -64.2191 Northern Headwater  -16 2020 4 Transect
HWnorth-2 Upper Rio Bermejo

AR20SD02 Embarcacion -23.2479 -64.1375 Northern Headwater  -10 2020 4 Transect
HWnorth-1 Upper Rio Bermejo

AR20SDO03 Pichanal -23.3559 -64.1827 Southern Headwater  -15 2020 13 Transect
HWsouth-1 Rio San Francisco

AR17MR30 Pichanal -23.3559 -64.1827 Southern Headwater  -15 2017 1 Single

Rio San Francisco point

AR17MR17 Reserva Natural -24.3058 -61.8345 Downstream 249 2017 1 Single
Formosa Rio Bermejo point

AR20SD15 Puerto Lavalle -25.6654 60.1282 Downstream 481 2020 12 Transect
LL4 Rio Bermejo

AR20SD18 El Colorado -26.3444 -59.3614 Downstream 584 2020 8 Transect
LL-» Rio Bermejo

AR17MRS57 El Colorado -26.3444 -59.3614 Downstream 584 2017 1 Single

Rio Bermejo point

AR17MRO5 General -26.6613 -58.6314 Downstream 660 2017 1 Single

Mansilla Rio Bermejo point

2.2.1 Bedload sampling: POMBge.d

In March 2020, we collected bedload material from cross-channel transects (Fig. 2a) at four locations
upstream of the Bermejo-San Francisco confluence. At HWsouth, we sampled the Rio San Francisco at Pichanal
(HWsouth-1, n=13) and at Caimancito (HWsouth2, n=2). At HWnorn, we sampled the upper Rio Bermejo at
Embarcacion (HWnorth-1, n=10), and the Rio Colorado tributary (HWnorth-2, n=4) (Fig. 1). Downstream of the
confluence, we sampled the lowland Rio Bermejo mainstem at Puerto Lavalle (LL-1, n=12), 481 linear km (X km
streamwise) downstream of the confluence, and at El Colorado (LL-2, n=8), 583 linear km (X km streamwise)
downstream of the confluence (Table 1).

We collected bedload samples with a Helley-Smith bedload sampler with a 100 um mesh and a 8x8 cm
square opening (KC Denmark A/S, 2023). We ballasted the sampler with 12 kg weight to enable sinking to the
river bed and attached a rope on both ends of the sampler. We deployed the device systematically from bridges
across the Rio Bermejo and Rio San Francisco, where possible multiple times along a transect (Fig. 2a). We
lowered the sampler to touch gently on the riverbed for 60 seconds and then manually pulled it up as quickly as
possible, usually in less than 15 seconds, to minimize capture of material from shallower water column depths.
We additionally collected bedload samples at one location per sampling site for a longer period, usually around 5
minutes, to attempt the collection of a sufficient amount of organic bedload material for compositional analysis.

The wet samples were stored in air-tight Whirl-Pak plastic bags and transferred to Potsdam, Germany within two
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weeks. The samples were freeze dried and dry-sieved over a stainless-steel sieve with 1 mm mesh size. Of the 49
bedload samples collected in 2020, 30 yielded no or less than one gram of macroscopic organic material (POMaged),
many from downstream sampling sites. For selected samples with abundant organic debris in both fractions, we
processed and analyzed the organic bedload material following the protocol described in Sect. 3.2 for both the >1
mm and <1 mm size fractions separately. We found no significant differences between the two size fractions, and
therefore analyzed the remaining bedload samples as bulk.

In earlier sampling campaigns, we collected individual bedload samples throughout the catchment (Table
1): In March 2017, we collected single-point bedload samples with a self-built device at one headwater site,
HWsoun (Pichanal, Rio San Francisco), and three mainstem Rio Bermejo sites: Reserva Natural Formosa, El
Colorado, General Mansilla (Fig. 1a). In November 2019, six bedload samples were collected with a bedload grab
that did not yield enough OM to permit compound-specific stable isotope measurements or significant amounts
of POMBged. The sampling in these earlier campaigns was performed for the qualitative assessment of POMged
occurrence and corresponding data were not used to quantitatively estimate POMged.
For our purpose, we define POMBged as organic material that is entrained within the clastic bedload, transported as
separate layer on top of the clastic bedload, or that moves close to the river bed. It is likely that the POMaged
material is transported in a more extensive layer above the bed (Repasch et al., 2022; Schwab et al., 2022) also
including saltating trajectories (Einstein et al., 1940; Turowski et al., 2010). The maximum particle size of the
bedload samples was likely limited by the funnel opening width of 8 cm, as has been demonstrated for clastic
bedload (Bunte et al., 2008), and our sample collection was restricted to the material transported within 8 cm
above the bed. Our sample sizes may reflect these limitations of bedload sampling rather than a physical
phenomenon. We assume, however, that these potential sampling biases do not affect the composition of the

sample material.

2.2.2 Leaf litter and POMroat

During campaigns in 2015, 2019, and 2020, we collected 17 leaf litter samples within the floodplain
ranging in elevation from 138 to 271 m asl., and 11 leaf litter samples from HWnoith and HWsouth upstream of the
Rio Bermejo — Rio San Francisco confluence, between 317 — 854 m asl (Fig. 1). We typically collected ~20 g of
leaf litter, the samples were air dried in the field and stored in paper bags upon arrival at the laboratory in Potsdam,
Germany. There, the samples were oven-dried at 40°C for up to three days, and stored until further analysis.

We collected seven samples of floating, coarse particulate organic matter (POMiioat, > 1 mm) along the
Rio San Francisco (between 313 m asl and 2458 m asl) during the high flow season in March 2013 (Fig. 1a).
These samples were collected with a net with mesh size 1 mm, held into the river water from the river banks until
a sufficient amount of organic material was accumulated, and contained organic and inorganic debris ranging from
1 mm to 10 cm. The sample material was stored in plastics bags and freeze-dried upon return to the laboratory.

The dry sample masses ranged from 5 to 40 g.

2.2.3 Soil, bank and suspended sediment
During campaigns in 2019 and 2020, we collected 15 sediment and 24 soil samples from the river banks
and from a paleochannel on the Rio Bermejo megafan, at elevations of ~60 to 390 m asl. We used a rinsed,

stainless-steel shovel to collect material from 0 to 20 cm below surface. The samples were stored in paper bags
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and air dried in the field. Upon returning to the laboratory, we oven-dried all samples at 40°C for up to three days,
and transferred them into brown glass bottles before analysis. We also include data on suspended sediment
particulate organic carbon abundance and composition in the Rio Bermejo from previous studies (Repasch et al.,
2021; 2022). Briefly, 48 samples were collected from several locations spanning HWsouth, HWnorth, and the
lowland Rio Bermejo (Fig. 1a).
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Figure 2: (a) Schematic channel cross section with transect sampling points (arrows), sample types used in this study,
and indicated sample locations. (b) Cross-channel velocity profile using Acoustic Doppler Current Profiler at the LL.,
station, crosses indicating each transect sampling point at the station. Bridge pillars were at 30, 75 and 125 m,
measurements were taken ~5 m downstream of the bridge.

3 Methods: Analysis and data treatment
3.1 Near-bed flow velocity and channel depths

During the 2020 campaign, we determined the flow velocity and channel depth at the sampling locations
HWnorth-1 and HWsouth-1 near the confluence, and downstream at LL-1 and LL-. Surveys were conducted from
bridges using an Acoustic Doppler Current Profiler (ADCP; Sontek RiverSurveyor RS-M9). The ADCP was
mounted on a floating board and towed by a rope from the bridges. We applied strong tension to the rope in an
effort to prevent the ADCP from being submerged under the bridge. Where possible and necessary, the ADCP
float was guided by a person in the water. The raw ADCP data was processed using the SonTek RiverSurveyor
Live Software (Version 4.1). After quality assessment in the SonTek Software, we further processed the data files
using the velocity mapping toolbox (v.4.09) (Parsons et al., 2013) to calculate smoothed mean cross sections with
the river flow velocity determined at horizontal and vertical grid node spacing of 1 m and 0.5 m, respectively. We
extracted the river depth and flow velocity at each bedload sampling point by overlaying our GPS data points with
these cross sections. To approximate the bedload transport velocity, we multiplied the depth-averaged streamwise
flow velocity from the ADCP velocity profiles by 0.7 (Chatanantavet et al., 2013).

The ADCP-estimated near-bed flow velocity ranged between -0.17-1.19 m s™ and was on average 0.5 m
s'+0.4 m s! for the ensemble of sampling sites (n=4). We attribute occasional negative flow velocities to local
flow patterns on large river bedforms (Allen, 1968), and assign no general significance to them (Fig. 2b). River
depths measured during the wet season varied between 8.1-8.5 m at HWsouth-1 and HWnorth-1, 1.9-9.9 m at LL,
and 2.4-8.4 m at LL (Table SO1). Due to the interrupted campaign in March 2020, these values do not cover the

braided section of the river in the upper part of the east Andean foreland.
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The high flow velocities and water depths of the Rio Bermejo made clean sampling of river bedload difficult, and
the composition of some samples may have been affected by admixture of suspended load during sampler
recovery. This is most likely to occur in the sediment-laden upper reaches of the Rio Bermejo and at downstream

sites where bridge pillars cause additional turbulence.

3.2 Organic-geochemical analysis and raw results

To fingerprint source areas of the OM collected in this study, we use biomarker proxies, specifically
long-chain n-alkanes, recalcitrant organic molecules that are often preserved in sediments (e.g., Thomas et al.,
2021; Cranwell, 1972). Long-chain n-alkanes stable carbon and hydrogen isotopes incorporate local
environmental conditions at formation, and therefore can help to track the source areas of POM in river sediment
(e.g., Hemingway et al., 2016; Hoffmann et al., 2016; Bouchez et al., 2014; Ponton et al., 2014; Galy et al., 2011;
Sachse et al., 2004).

We extracted n-alkanes from all samples and measured the compound-specific stable hydrogen and
carbon isotope ratios. Soil, bank sediment, suspended sediment and POMageq, samples were ground with a mortar
and pestle and lipid compounds were extracted with 9:1 methanol:dichloromethane, using a ThermoFisher Dionex
Accelerated Solvent Extraction system (ASE 350). The non-polar n-alkane fraction was separated from the total
lipid extract over silica gel columns with glass fiber filters at the base and top (pore size 60 A, 230400 mesh
particle size) by automated solid-phase extraction (SPE) with a Gilson ASPEC GX-271 and n-hexane as solvent,
following procedures described by (Rach et al., 2020). n-alkanes were extracted manually from leaf litter and
POMiat by immersing between 0.2 and 10.0 g of the dried samples in a 9:1 methanol:dichloromethane mixture
and placing them into an ultrasonic bath at 40°C for 20 to 40 minutes. The n-alkanes were separated from the total
liquid extract by solid phase extraction (SPE) over a silica gel-equipped 6 mL glass column (Macherey-Nagel,
Diiren, Germany) using n-hexane as solvent (Rach et al., 2020). The solid parts stayed behind and samples were
rinsed properly with 9:1 DCM/MeOH. The lipid containing solvents were dried in the TurboVap and the lipids
transferred to a smaller vial in approximately 1.5 ml 9:1 DCM/MeOH. The solvents of the TLE were evaporated
again with N2 gas and the samples dissolved in 1.5 ml n-hexane. To quantify n-alkane concentrations per sample,
we added an internal standard, Sa-androstane (10 xg), and measured the samples in an Agilent gas chromatograph
(GC 7890-A) with a flame ionization detector (FID) and a coupled single quadrupole mass spectrometer (MS
5975-C).

We quantified the abundances of n-alkane homologues relative to the internal standard using the FID
chromatograms. We calculated the average chain length (ACL2s.33) of the most abundant n-alkanes with chain

lengths between 25 and 33 as:

2(Cpxn)
ACLys_g3 = =2 = ().

n is the number of carbon atoms of each n-alkane, and C. is the concentration of each n-alkane with n carbon
atoms. The subscripts on ACLas.33 refer to the chain length range analyzed.
We determined the carbon preference index (CPlzs-33) after (Bray and Evans, 1961) for n-alkanes with 25 to 33

carbon atoms, using

1 YCog— YCog—
CPlys_ 55 = = ( 25-330dd | ZCas 33odd) Q).
2 2Cz4-32even  ZC26-34even
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¥Cas330dd 1S the sum of the concentration of odd-chained n-alkanes with chain lengths between 25-33,
concentration, XCa4-32¢ven the sum of the concentration of even-chained n-alkanes with chain lengths between 24-

34, and so forth.

To measure compound-specific hydrogen and carbon isotope ratios of the n-alkanes (expressed as 8°H, 8'3C
values), we used a Trace GC 1310 (ThermoFisher Scientific) connected to a Delta V plus Isotope Ratio Mass
Spectrometer (IRMS) (ThermoFisher Scientific), following the procedures described by Rach et al. (2020). n-
alkane 8*H and 8'*C values were measured in duplicates. For each sample run, we measured the n-alkane standard-
mix A6 (with n-alkane chain lengths ranging from nC16-nC30) with known 8*H values obtained from A.
Schimmelmann (Indiana University), for correction and transfer to the VSMOW scale. The H3+ factor from the
’H measurements was 5.9+0.8 mV. The standard deviation for 8°H of the standard measurements was 2.3+0.7%o,

and the mean standard deviation for the samples was 1.1£1.6%o. The mean standard deviation for '3C
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Figure 3: Left panel (a-f): Average and standard deviation (bars and whiskers) of the long-chain n-alkane distribution
(nCa5-nCss) as concentration per sediment dry weight (ug g!) of (a) POMiou, (b) leaf litter, (c) POMpeq, (d) floodplain
soil, (e) bank sediment and (f) suspended sediment. Note the different y-scale ranges. Right panel (g, h): nCy versus nCs;
n-alkane (g) 8°H and (h) 8'3C values of all OM sample types, and linear regression equation and R? values.

measurements of the standard measurements was 0.11+0.06%o, and the mean standard deviation for the samples

was 0.15+0.23%eo.

3.2.1 Organic-geochemical raw results

We calculated the ACL2s-33 index for 201 samples collected in the Rio Bermejo catchment, including
POMBed, leaf litter, POMioat, s0il, sediment deposits, and river suspended sediment. n-alkanes with chain-lengths
ranging from nCas — nCss had the highest abundance across all samples (Fig. 3, a-f). The main components were
nCsi, nCa9 and nCaz7, followed by nCs; and nCzs, while even carbon numbered n-alkanes were minor components
in all samples. Leaf litter, POMBed and soil samples had similar concentrations of #Cz9 and nCsi. In river bank and
suspended sediment samples, nCs1 was the dominant n-alkane, whereas nCz7 was the main component of the

POMii0at samples. We measured the 3°H and 6'3C values for the dominant chain lengths, nCa9 and nCs1. Because
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these n-alkanes showed a significant correlation for 3'*C (R? = 0.95, p < 0.01) and 5°H values (R*=0.81, p<0.01,
Fig. 3g, h), we will focus on the nCz9 values.

For a subset of ten POMBged samples with abundant organic debris in both the >1 mm and <1 mm fractions
(HWsouth-1, HWsouth-2, HWNorth-1, HWnNorth-2, LL-1, LL2), we analyzed the n-alkane composition of POMged in both
size fractions. In most of these samples, the two size fractions had distinct ACLas.33, CPl2s.33, nC29 8°H and nCao
3!3C values (Fig. S01). However, no discernible pattern emerged in these differences. For this reason, and because
size-specific biomarker analyses were not possible for smaller sample amounts, we decided to work with n-alkane
data from the bulk sample material. For samples analyzed as two separate fractions, we determined values for the
bulk sample material as the weighted average of the two fractions. These values are dominated by the fraction <1
mm, which had the greater mass in all cases. In the following, we will refer to the results of analyses of the total

particulate organic carbon of the sampled bedload material in the full-size range as POMBgea.

3.3 Data analysis

All data analyses were performed using R 4.1.2 GUI 1.77 High Sierra build (8007). We report the range
of the values as average + standard deviation, and the number of samples. We used the Kolmogorov-Smirnov-
Test to account for the non-normal distribution of our data and the Mann-Whitney U test to test for significant
differences between independent sample groups. We used linear regression and associated R? values to test for

significant trends in our data. Significance levels are reported at the 95% confidence interval (p-value < 0.05).

4. POMBe.q presence, source and ability to survive long distance transport

We aim to answer questions regarding the source, transport, and survival of POMBed in the Rio Bermejo.
First, we want to observe when and where POMBeq is in active fluvial transport and how POMged composition
varies throughout the catchment. We then investigate the sources of POMged by determining the elevation and
climate of the OM source using n-alkane 3’H value, assess the biological variability of POMgca sources using 8'3C
values combined with ACLas.33, and estimate POMBged maturity using CPlzs-33. Finally, we apply a mixing model
using these geochemical data to define distinct POMBged sources. Collectively, this approach allows us to evaluate

the survival and fate of POMBed during long-range fluvial transport in the Rio Bermejo.

4.1 Is there transport of POMsp.q in the lowland Rio Bermejo and what is its geochemical composition?
4.1.1 Bedload mass and material composition

The mass of bedload samples comprising organic and clastic particles was up to an order of magnitude
greater at the headwater sites than at the downstream sites for the same sampling procedure. Sampling at HWsouth-
1 and HWnorth-1 yielded totals of 560 g min! (n = 13), and 259 g min™! (n = 10), respectively, while at LL.1 we
collected a total of 51 g min! (n = 12), and at LL> 77.1 g min™' (n = 8), respectively (Fig. 4d, Table SO1). The
mass of dry POMBge in individual bedload samples varied from Og to ~20g, without clear spatial patterns. The
mass of organic bedload scaled loosely with the amount of clastic sediment collected (Fig. 4d), but there was no
correlation of the collected material and near-bed velocities. The material collected in POMBged samples ranged
from fragile, intact leaves and twigs to robust wood fragments with frayed edges and organo-clastic aggregates in

the size range from <1 mm to ~10 cm, often mixed with fine organic debris <1 mm (Fig. 4). The organo-clastic
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aggregates were easily dissociated during sieving, separating into fine sand and silt, and apparently degraded OM
particles ranging from <1 mm to >1 cm (Fig. 4).
Chemical 