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ABSTRACT
Oxidation of particulate organic carbon (POC) during fluvial transit releases CO2 to the
atmosphere and can influence global climate. Field data show large POC oxidation fluxes
in lowland rivers; however, it is unclear if POC losses occur predominantly during in-river
transport, where POC is in continual motion within an aerated environment, or during
transient storage in floodplains, which may be anoxic. Determination of the locus of POC
oxidation in lowland rivers is needed to develop process-based models to predict POC losses,
constrain carbon budgets, and unravel links between climate and erosion. However, sediment exchange between rivers and floodplains makes differentiating POC oxidation during
in-river transport from oxidation during floodplain storage difficult. Here, we isolated inriver POC oxidation using flume experiments transporting petrogenic and biospheric POC
without floodplain storage. Our experiments showed solid phase POC losses of 0%–10%
over ∼103 km of fluvial transport, compared to ∼7% to >50% losses observed in rivers over
similar distances. The production of dissolved organic carbon (DOC) and dissolved rhenium
(a proxy for petrogenic POC oxidation) was consistent with small POC losses, and replicate
experiments in static water tanks gave similar results. Our results show that fluvial sediment
transport, particle abrasion, and turbulent mixing have a minimal role on POC oxidation,
and they suggest that POC losses may accrue primarily in floodplain storage.
INTRODUCTION
Fluvial transport of particulate organic carbon (POC), including discrete particles and
mineral-associated organic matter >0.2 μm,
represents the primary source of terrestrial organic carbon to the ocean (e.g., Blair and Aller,
2012; Bianchi et al., 2018). The fate of POC
during fluvial transit affects atmospheric CO2
levels over a range of time scales (e.g., Cole
et al., 2007; Galy et al., 2007). Transient storage of CO2 sequestered via photosynthesis in
soils and biomass (biospheric POC [POCbio])
represents a short-term (<105 yr) carbon sink
(Berner, 1999). POCbio mobilized by and transported through rivers can be oxidized and returned to the atmosphere as CO2 (Richey et al.,
2002; Mayorga et al., 2005), or it can be deliv*E-mail: jscheingross@unr.edu

ered to depositional basins to create a long-term
(>106 yr) carbon sink (e.g., France-Lanord and
Derry, 1997). This CO2 sink may be offset by
CO2 released from oxidation of fossilized organic carbon within sedimentary rock (petrogenic
organic carbon [POCpetro]) during exhumation
and transport (e.g., Bouchez et al., 2010).
POC losses during fluvial transit can be
substantial. Amazon basin POCbio and POCpetro
oxidation fluxes are approximately an order of
magnitude larger than their respective fluxes to
the ocean (Richey et al., 2002; Bouchez et al.,
2010). Similarly, ∼50% of POCbio and POCpetro
is lost during transit across the Ganges alluvial
basin (Galy et al., 2008a, 2008b). Despite large
POC loss in transit, the location of POC oxidation is poorly constrained, as existing measurements cannot distinguish between oxidation
during in-river transport and oxidation during

floodplain storage. In rivers, fluid turbulence
mixes and aerates water, which may enhance
oxidation rates (Hartnett et al., 1998). Increases
in sediment specific surface area (SSA) from
particle abrasion (e.g., Attal and Lave, 2009) can
further expose mineral-associated POCbio and
POCpetro to oxidative conditions, while also creating fine particles onto which discrete POC particles can attach. However, the time POC spends
in river transport is small relative to floodplain
storage (e.g., Torres et al., 2017). Intermittent
floodplain storage may allow sufficient time for
POC oxidation (Arora et al., 2016; Scheingross
et al., 2018; Wan et al., 2018), but POC can be
subject to anoxic conditions, which may promote POC preservation (Boye et al., 2017). The
relative rates of POC oxidation during in-river
transport versus floodplain storage are key unknowns that are needed to develop a process-level understanding of source-to-sink POC transfer
and oxidation.
Determining the location of POC oxidation
in lowland basins is complicated by tributary
mixing (Galy et al., 2008b; Bouchez et al., 2010)
and exchange of POC between rivers and floodplains (Torres et al., 2017). An alternative approach is to isolate in-river POC oxidation via
laboratory experiments. Analog experiments
have fundamentally advanced river mechanics (Paola et al., 2009); however, flume experiments have yet to explore POC oxidation. Existing laboratory investigations of organic carbon
oxidation (e.g., Chang and Berner, 1999; Druhan
et al., 2014) were not designed to simulate the
physical processes present in natural rivers (e.g.,
particle abrasion).
Here, we evaluated POC oxidation in flume
experiments transporting carbon-rich sediment
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without floodplain storage. Our experiments
showed minimal evidence for POC oxidation
despite ∼103 km of fluvial transport, a distance
similar to the lowland portion of the Ganges
River. These results are consistent with the idea
that POC oxidation in lowland basins occurs
primarily during floodplain storage (e.g., Torres
et al., 2017), such that the rate and magnitude
of CO2 evasion in alluvial basins are likely set
by POC residence time in aerobic floodplains.
EXPERIMENTAL AND ANALYTICAL
METHODS
In lowland basins, water chemistry, microbial communities, and other factors can influence POC oxidation (e.g., Battin et al., 2009;
Druhan et al., 2014; Bianchi et al., 2018). Here,
we sought to isolate the influence of sediment
transport, particle abrasion, and liquid-water
leaching on POC oxidation using annular flumes
that recirculated sediment, and static tanks (control experiments) where POC was subject to
liquid-water leaching without sediment transport (Fig. 1). Our experiments used natural sediments with native microbial communities and a
1:10 mix of deionized to tap water with majorelement concentrations similar to rivers in the
Gaillardet et al. (1999) database (Fig. DR1 in
the GSA Data Repository1).
Turbulent, subcritical flow in flume experiments (Reynolds number >104, Froude number
∼0.2) produced dynamical scaling with natural
rivers (Paola et al., 2009), with depth-averaged
velocities of ∼0.25 ± 0.02 m/s (Table DR1) similar to near-bed flow velocities in rivers (e.g.,
Smith and McLean, 1977). Visual observations
in a transparent flume showed continual motion
of sediment without static deposits. Experiments
GSA Data Repository item 2019340, additional
details on methods and analysis, five figures, and six
tables with all experimental data, is available online
at http://www.geosociety.org/datarepository/2019/, or
on request from editing@geosociety.org.
1

A

EVALUATING POC OXIDATION
POC loss during fluvial transit includes direct CO2 and DOC production. We assume that
any organic carbon loss from the solid phase
represents long-term POC oxidation because terrestrial DOC is rapidly oxidized in the ocean
(Bianchi, 2011). We quantified POC oxidation
by measuring the percent change in POC mass
over an experiment; i.e.,

ran 6–8 wk at room temperature, producing suspended sediment transport distances of ∼900–
1200 km (see the Data Repository; Table DR2).
We performed nine experiments with four
distinct materials (Table DR2). To explore the
role of crystallographic order on POCpetro oxidation, we used lignite and shale containing relatively amorphous and more crystalline carbon,
respectively, collected from outcrop. To explore
POCbio oxidation, we collected sediment from
a headwater stream underlain by volcanic rock
(Smith and Roe, 2015) with well-described
POC composition (Lookout Creek, Oregon;
Smith, 2013) and a lowland river with negligible POCpetro quantities (Rio Bermejo, Argentina)
where preliminary data show significant POC
oxidation during floodplain storage (Scheingross
et al., 2018). In select experiments, we varied
sediment size to examine the role of sediment
abrasion on POC oxidation (see the Data Repository). Blank experiments (one experiment without sediment and one experiment transporting
combusted quartz sand) showed no systematic
changes in dissolved organic carbon (DOC) and
returned POC concentrations below the measurement detection limit (Table DR3; Fig. DR2).
We assessed solid and dissolved load changes
using sediment samples at the start and end of
experiments and 5–10 water samples per experiment (see the Data Repository). Solid samples
were analyzed for POC content (Corg, wt%) and
stable carbon isotopes (δ13Corg, ‰) following carbonate removal using elemental analysis isotope
ratio mass spectrometry. Particle size distribution
was analyzed using a laser diffraction particle size
analyzer or via optical images. We analyzed water samples for DOC concentration using liquidchromatography organic carbon detection, major
ions by ion chromatography and inductively coupled plasma–optical emission spectrometry (ICPOES), and dissolved rhenium concentration, a
POCpetro oxidation proxy (Dalai et al., 2002; Jaffe
et al., 2002; Hilton et al., 2014), using ICP–mass
spectrometry (see the Data Repository).

B

∆M c = ( M c_final – M c_initial ) /M c_initial  × 100, (1)
where Mc_initial and Mc_final are the solid POC mass
at the experiment start and end, respectively (see
the Data Repository). Solid load POC loss yields
negative ΔMc values.
DOC measurements provided additional
POC loss constraints. We calculate the percentage mass fraction, f, of organic carbon
transferred from the solid to the dissolved
load as
fDOC = ( M DOC_max /M c_initial ) × 100,

(2)

where MDOC_max is the maximum DOC mass
in the experiment (see the Data Repository).
Using MDOC_max gives an upper limit on fDOC;
however, fDOC is a minimum constraint on total
POC loss because DOC can be oxidized during
the experiment.
Rhenium is typically associated with organic
matter in sedimentary rocks and upon oxidation
forms a soluble anion within the dissolved load,
therefore POCpetro oxidation during the experiment could result in increased dissolved rhenium concentrations (Hilton et al., 2014). We
express the mass of rhenium transferred from
the solid to dissolved load as
fRe = ( M diss_Re /M Re_initial ) × 100,

(3)

where Mdiss_Re is the accumulated dissolved
rhenium mass during the experiment, and
MRe_initial is the initial rhenium mass in the
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Figure 1. Schematic diagrams of stainless-steel flumes with (A) and without (B) paddle wheel visible. (C) Acrylic, but otherwise identical, flume
used to monitor hydrodynamics with visible sediment transport.
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s ediment (see the Data Repository). For Mdiss_Re,
we excluded an initial rapid period of change
of ion concentrations (Re, SO42–, and Ca2+),
which is inconsistent with the lowland river
processes we sought to model (see the Data Repository). The value of fRe provides a maximum
constraint on POCpetro loss due to contributions
of dissolved rhenium from non-POCpetro phases
(Horan et al., 2019).
EXPERIMENTAL RESULTS
POC loss in all runs was small relative to
measurement uncertainty. ΔMc never fell below − 10.1% ± 4.1% and − 9.4% ± 4.1% in
POCpetro and POCbio experiments, respectively,
and the majority of experiments showed no
POC loss (ΔMc greater than or within error of
0%; Fig. 2B). ΔMc > 0% (POC gain) was likely due to solid sample heterogeneity. Shifts in
δ13Corg values were typically within analytical
uncertainty, suggesting that POC stable isotope
composition stayed constant during sediment
transport (Fig. 2C).
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Figure 2. Comparison of
(A) changes in median
grain size (ΔD50 = [{D50_final
– D50_initial}/D50_initial] × 100,
where D50_final and D50_initial
are median grain sizes at
start and end of experiments, respectively); (B)
changes in solid load particulate organic carbon
(POC; ΔMc, Equation 1);
(C) δ13Corg; (D) changes
in dissolved organic
carbon (DOC; fDOC, Equation 2); and (E) changes
in dissolved rhenium
(fRe, Equation 3). Black
squares and gray circles
distinguish between flume
experiments with sediment transport and static
control tanks, respectively.
Gray bars and black arrow
in panel B show field estimates for POC oxidation
over ∼1000 km transport
in the Amazon and Ganges
Rivers (see the Data
Repository [see footnote 1]
for details). δ13Corg_initial and
δ13Corg_final are δ13Corg values
at the start and end of
experiments, respectively.
Negative ΔD50 values indicate particle abrasion, and
reduced ΔD50 uncertainty
for experiments 6 and 14
is due to use of optical
measurements permissible on larger grain sizes
(see the Data Repository).
Error bars represent the
propagated uncertainty of
measurements as reported
in the Data Repository, and
are smaller than symbols
where not shown.

DOC production was small; fDOC never exceeded 0.6% and 5.3% in the POCpetro and POCbio
experiments, respectively (Fig. 2D). For P
 OCpetro
experiments, after some initial water-sediment
interactions over <1 d, shale experiments showed
negligible DOC production r elative to the background levels, while the lignite flume experiment showed steady DOC decrease (Fig. DR3;
Table DR4). The POCbio experiments showed a
sharp DOC increase during the first 24 h, and
then the rate slowed (Fig. DR3).
In the POCpetro experiments, dissolved ion
concentrations increased rapidly over the first
1–4 d and then slowed (Fig. DR4). We attribute
this either to ion exchange (Sayles and Mangelsdorf, 1979), leaching of ions from freshly
exposed defect sites (White and Brantley, 2003),
and/or rapid carbonate dissolution (Chou et al.,
1989) forced by the interaction of fresh rock
with a fluid out of equilibrium with the sediment. Accounting for this (see the Data Repository) yielded fRe values that varied from <0% to
14% ± 3% (Fig. 2E). These changes tended to be
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within error of or greater than ΔMc values, consistent with fRe as an upper limit on POCpetro loss.
Flume experiments showed no systematic difference in ΔMc, fDOC, and fRe compared
to their associated control runs (Fig. 2). For
cases with initial median grain diameter (D50)
>500 μm, fluvial transport caused particle abrasion in flume experiments (Fig. 2A), yet flume
and (abrasion-free) control ΔMc and fRe values
were within error of each other or indicated increased oxidation in the control run, suggesting
a minimal influence of particle abrasion on POC
loss (Figs. 2B and 2E). Experiments with D50
<500 μm showed no detectable abrasion, likely
due to viscous damping of particle impacts (Joseph et al., 2001; see also Table DR2 herein).
POTENTIAL FOR POC OXIDATION
DURING IN-RIVER TRANSPORT
The lack of systematic differences between
the flume and control experiments suggests an
insignificant role of sediment transport and particle abrasion in POC oxidation relative to liquid-water leaching. The largest POC mass losses
(−8% < ΔMc < –10%) occurred for D50 >125 μm
(Fig. 2), suggesting that POC oxidation rates
may be more strongly influenced by whether
and how carbon is bound to sediment, rather
than by sediment transport processes or size (a
proxy for particle SSA; Blair and Aller, 2012).
The maximum POCpetro losses measured in
our experiments (ΔMc = –10% ± 4% and the
proxy fRe = 14% ± 3%; Fig. 2) were small compared to field measurements in lowland river
systems. Reported POCpetro losses between the
mountain front and coastline in the Amazon
and Ganges Rivers range from 7% to 50% per
103 km (see the Data Repository), i.e., up to ∼5
times larger than the maximum POCpetro loss in
our experiments (Fig. 2). These losses occur
despite the prevalence of graphitized POCpetro
in the Ganges, which is likely more resistant to
oxidation than the disordered lignite used here
(Galy et al., 2008a).
Experimental POCbio losses were up to
ΔMc = –9% ± 4%. Unlike POCpetro, which is
typically sourced from bedrock in river headwaters, POCbio is sourced from vegetation and soils
along the entire river length. The Amazon (Mayorga et al., 2005; Aufdenkampe et al., 2007) and
Ganges (Galy et al., 2008b) basins show replacement of headwater-derived POC with floodplain
POCbio. Galy et al. (2008b) suggested >50% replacement of POCbio over ∼900 km of fluvial
transit along the Ganges, i.e., ∼5 times greater
than the maximum loss in our experiments. We
interpret the lack of large differences between
flume and control experiments and consistently
low POC losses indicated by multiple measurements (ΔMc, fDOC, and the proxy fRe) to suggest
that the physical processes in river systems, i.e.,
turbulent fluid mixing, sediment transport, and
particle abrasion, c annot produce the m
 agnitude

3

of POC oxidation observed over equivalent
transport distances in natural river systems.
IS POC OXIDIZED DURING
IN-RIVER TRANSPORT OR DURING
FLOODPLAIN STORAGE?
Despite field measurements showing large
POC losses in lowland rivers (Richey et al.,
2002; Galy et al., 2008a, 2008b; Bouchez
et al., 2010), it remains unknown whether
POC oxidation occurs primarily during active
river transport or transient floodplain storage.
In nine laboratory experiments, we observed
no significant influence of ∼103 km of sediment transport on POC oxidation. POC mass
loss never exceeded ΔMc = –10%, and 6 of 9
experiments showed POC loss within error of
zero or POC gain, compared to field observations of 7% to >50% POC loss over equivalent
transport distances. Chemical and biological
processes not systematically explored in our
experiments may increase POC oxidation during in-river transport (e.g., Battin et al., 2009;
Druhan et al., 2014) and are potential avenues
for future experimental study. However, by using sediment with native microbial communities and water similar in chemical composition
to major rivers, our results suggest that POC
oxidation in lowland rivers occurs primarily
during floodplain storage rather than during
in-river transport. POC oxidation is likely
sensitive to the residence time of sediment in
floodplains, as well as the rate and depth of
burial, local redox conditions, and microbial
dynamics, variables that should be systematically explored in future experiments, along
with field work to build mechanistic models
of POC transport and oxidation.
ACKNOWLEDGMENTS
We thank Ralf Kühner, Annette Schmid-Röhl, and
Kirsten Cook for assistance in sample collection, and
Markus Reich for flume design. Johannes Glodny,
Nina Golombek, Kristin Günther, Hima Hassenruck-Gudipati, Petra Meier, Sylvia Pinkerneil, Birgit
Plessen, Toni Schmidt, Martin West, and Carolin Zorn
assisted with experiments, sample preparation, and
measurements. Grain size and inductively coupled
plasma–optical emission spectrometry measurements
were made at the GeoForschungsZentrum (GFZ) Sed
Lab and Helmholtz Laboratory for the Geochemistry of the Earth Surface, respectively; Liane Benning
facilitated surface area measurements. We thank
Mark Torres and Maarten Lupker for discussion, and
Brad Rosenheim and three anonymous reviewers for
reviews. We acknowledge support from an Alexander
von Humboldt Postdoctoral Fellowship (Scheingross),
a European Research Council Starting Grant (ERCStG, 678779, ROC-CO2, Hilton), and a COFUND
Durham University Junior Research Fellowship
(Dellinger).
REFERENCES CITED
Arora, B., et al., 2016, Influence of hydrological,
biogeochemical and temperature transients on
subsurface carbon fluxes in a flood plain environment: Biogeochemistry, v. 127, p. 367–396,
https://doi.org/10.1007/s10533-016-0186-8.

4

Attal, M., and Lave, J., 2009, Pebble abrasion during fluvial transport: Experimental results and
implications for the evolution of the sediment
load along rivers: Journal of Geophysical Research–Earth Surface, v. 114, F04023, https://
doi.org/10.1029/2009JF001328.
Aufdenkampe, A.K., Mayorga, E., Hedges, J.I.,
Llerena, C., Quay, P.D., Gudeman, J., Krusche,
A.V., and Richey, J.E., 2007, Organic matter in the Peruvian headwaters of the Amazon:
Compositional evolution from the Andes to the
lowland Amazon mainstem: Organic Geochemistry, v. 38, p. 337–364, https://doi.org/10.1016/
j.orggeochem.2006.06.003.
Battin, T.J., Kaplan, L.A., Findlay, S., Hopkinson,
C.S., Marti, E., Packman, A.I., Newbold, J.D.,
and Sabater, F., 2009, Biophysical controls on
organic carbon fluxes in fluvial networks: Nature Geoscience, v. 2, p. 595–595, https://doi
.org/10.1038/ngeo602.
Berner, R.A., 1999, A new look at the long-term carbon cycle: GSA Today, v. 9, no. 11, p. 1–6.
Bianchi, T.S., 2011, The role of terrestrially derived
organic carbon in the coastal ocean: A changing
paradigm and the priming effect: Proceedings of
the National Academy of Sciences of the United
States of America, v. 108, p. 19,473–19,481,
https://doi.org/10.1073/pnas.1017982108.
Bianchi, T.S., Cui, X., Blair, N.E., Burdige, D.J.,
Eglinton, T.I., and Galy, V., 2018, Centers
of organic carbon burial and oxidation at the
land-ocean interface: Organic Geochemistry,
v. 115, p. 138–155, https://doi.org/10.1016/
j.orggeochem.2017.09.008.
Blair, N.E., and Aller, R.C., 2012, The fate of terrestrial organic carbon in the marine environment: Annual Review of Marine Science, v. 4, p. 401–423.
Bouchez, J., Beyssac, O., Galy, V., Gaillardet, J.,
France-Lanord, C., Maurice, L., and MoreiraTurcq, P., 2010, Oxidation of petrogenic organic
carbon in the Amazon floodplain as a source of
atmospheric CO2: Geology, v. 38, p. 255–258,
https://doi.org/10.1130/G30608.1.
Boye, K., Noël, V., Tfaily, M. M., Bone, S. E., Williams, K.H., Bargar, J.R., and Fendorf, S., 2017,
Thermodynamically controlled preservation of
organic carbon in floodplains: Nature Geoscience, v. 10, p. 415–419, https://doi.org/10.1038/
ngeo2940.
Chang, S.B., and Berner, R.A., 1999, Coal weathering
and the geochemical carbon cycle: Geochimica et
Cosmochimica Acta, v. 63, p. 3301–3310, https://
doi.org/10.1016/S0016-7037(99)00252-5.
Chou, L., Garrels, R.M., and Wollast, R., 1989, Comparative study of the kinetics and mechanisms
of dissolution of carbonate minerals: Chemical Geology, v. 78, p. 269–282, https://doi
.org/10.1016/0009-2541(89)90063-6.
Cole, J.J., Prairie, Y.T., Caraco, N.F., McDowell, W.H.,
Tranvik, L.J., Striegl, R.G., Duarte, C.M., Kortelainen, P., Downing, J.A., Middelburg, J.J., and
Melack, J., 2007, Plumbing the global carbon cycle: Integrating inland waters into the terrestrial
carbon budget: Ecosystems (New York, N.Y.), v.
10, no. 1, p. 171–184.
Dalai, T.K., Singh, S.K., Trivedi, J.R., and Krishnaswami, S., 2002, Dissolved rhenium in the Yamuna
River system and the Ganga in the Himalaya:
Role of black shale weathering on the budgets
of Re, Os, and U in rivers and CO2 in the atmosphere: Geochimica et Cosmochimica Acta,
v. 66, p. 29–43, https://doi.org/10.1016/S00167037(01)00747-5.
Druhan, J.L., Bill, M., Lim, H., Wu, C., Conrad, M.E.,
Williams, K.H., DePaolo, D.J., and Brodie, E.L.,
2014, A large column analog experiment of stable isotope variations during reactive transport:

II. Carbon mass balance, microbial community
structure and predation: Geochimica et Cosmochimica Acta, v. 124, p. 394–409, https://doi
.org/10.1016/j.gca.2013.08.036.
France-Lanord, C., and Derry, L.A., 1997, Organic
carbon burial forcing of the carbon cycle from
Himalayan erosion: Nature, v. 390, p. 65–67,
https://doi.org/10.1038/36324.
Gaillardet, J., Dupre, B., and Allegre, C.J., 1999, Geochemistry of large river suspended sediments:
Silicate weathering or recycling tracer?: Geochimica et Cosmochimica Acta, v. 63, p. 4037–4051,
https://doi. org/10.1016/S0016-7037(99)00307-5.
Galy, V., France-Lanord, C., Beyssac, O., Faure, P.,
Kudrass, H., and Palhol, F., 2007, Efficient organic carbon burial in the Bengal Fan sustained by
the Himalayan erosional system: Nature, v. 450,
p. 407–410, https://doi. org/10.1038/nature06273.
Galy, V., Beyssac, O., France-Lanord, C., and Eglinton, T., 2008a, Recycling of graphite during Himalayan erosion: A geological stabilization of
carbon in the crust: Science, v. 322, p. 943–945,
https://doi.org/10.1126/science.1161408.
Galy, V., France-Lanord, C., and Lartiges, B., 2008b,
Loading and fate of particulate organic carbon
from the Himalaya to the Ganga-Brahmaputra delta: Geochimica et Cosmochimica Acta,
v. 72, p. 1767–1787, https://doi.org/10.1016/
j.gca.2008.01.027.
Hartnett, H.E., Keil, R.G., Hedges, J.I., and Devol,
A.H., 1998, Influence of oxygen exposure time on
organic carbon preservation in continental margin
sediments: Nature, v. 391, p. 572–575, https://doi
.org/10.1038/35351.
Hilton, R.G., Gaillardet, J., Calmels, D., and Birck,
J., 2014, Geological respiration of a mountain
belt revealed by the trace element rhenium: Earth
and Planetary Science Letters, v. 403, p. 27–36,
https://doi.org/10.1016/j.epsl.2014.06.021.
Horan, K., Hilton, R.G., Dellinger, M., Tipper, E.,
Galy, V., Calmels, D., Selby, J., Gaillardet, J.,
Ottley, C.J., Parsons, D.R., and Burton, K.W.,
2019, Carbon dioxide emissions by rock organic
carbon oxidation and the net geochemical carbon
budget of the Mackenzie River Basin: American
Journal of Science, v. 319, p. 473–499 https://doi
.org/10.2475/06.2019.02.
Jaffe, L.A., Peucker-Ehrenbrink, B., and Petsch, S.T.,
2002, Mobility of rhenium, platinum group elements and organic carbon during black shale
weathering: Earth and Planetary Science Letters, v. 198, p. 339–353, https://doi.org/10.1016/
S0012-821X(02)00526-5.
Joseph, G.G., Zenit, R., Hunt, M.L., and Rosenwinkel, A.M., 2001, Particle-wall collisions in
a viscous fluid: Journal of Fluid Mechanics,
v. 433, p. 329–346, https://doi.org/10.1017/
S0022112001003470.
Mayorga, E., Aufdenkampe, A.K., Masiello, C.A.,
Krusche, A.V., Hedges, J.I., Quay, P.D., Richey,
J.E., and Brown, T.A., 2005, Young organic matter as a source of carbon dioxide outgassing from
Amazonian rivers: Nature, v. 436, p. 538–541,
https://doi.org/10.1038/nature03880.
Paola, C., Straub, K., Mohrig, D., and Reinhardt,
L., 2009, The “unreasonable effectiveness”
of stratigraphic and geomorphic experiments:
Earth-Science Reviews, v. 97, p. 1–43, https://
doi.org/10.1016/j.earscirev.2009.05.003.
Richey, J.E., Melack, J.M., Aufdenkampe, A.K., Ballester, V.M., and Hess, L.L., 2002, Outgassing from
Amazonian rivers and wetlands as a large tropical
source of atmospheric CO2: Nature, v. 416, p.
617–620, https://doi.org/10.1038/416617a.
Sayles, F.L., and Mangelsdorf, P.C., 1979, Cation-exchange characteristics of Amazon River suspended sediment and its reaction with

www.gsapubs.org | Volume XX | Number XX | GEOLOGY | Geological Society of America

Downloaded from https://pubs.geoscienceworld.org/gsa/geology/article-pdf/doi/10.1130/G46442.1/4822053/g46442.pdf
by University of Nevada Reno, Joel Scheingross

s eawater: G
 eochimica et Cosmochimica Acta,
v. 43, p. 767–779, https://doi.org/10.1016/00167037(79)90260-6.
Scheingross, J. S., Repasch, M., Hovius, N., Sachse,
D., Dellinger, M., Lupker, M., Hilton, R. G.,
Eglinton, T., Grocke, D., Golombek, N., and
Orfeo, O., 2018, The fate of organic carbon
during lowland river transport and transient
floodplain storage: Washington, D.C., American Geophysical Union, Fall meeting, abstract
V11E–0070.
Smith, J.C., 2013, Particulate Organic Carbon Mobilisation and Export from Temperate Forested
Uplands [Ph.D. thesis]: Cambridge, UK, University of Cambridge, 226 p.

Smith, J.D., and McLean, S.R., 1977, Spatially averaged flow over a wavy surface: Journal of Geophysical Research–Oceans and Atmospheres,
v. 82, p. 1735–1746, https://doi.org/10.1029/
JC082i012p01735.
Smith, R.L., and Roe, W.P., 2015, Oregon Geologic
Data Compilation, Release 6: State of Oregon
Department of Geology and Mineral Industries,
https://www.oregongeology.org/pubs/dds/p-OGDC-6.htm (accessed 1 February 2019).
Torres, M.A., Limaye, A.B., Ganti, V., Lamb, M.P.,
West, A.J., and Fischer, W.W., 2017, Model predictions of long-lived storage of organic carbon in river deposits: Earth Surface Dynamics, v. 5, p. 711–
730, https://doi.org/10.5194/esurf-5-711-2017.

Geological Society of America | GEOLOGY | Volume XX | Number XX | www.gsapubs.org
Downloaded from https://pubs.geoscienceworld.org/gsa/geology/article-pdf/doi/10.1130/G46442.1/4822053/g46442.pdf
by University of Nevada Reno, Joel Scheingross

Wan, J.M., Tokunaga, T.K., Dong, W.M., Williams,
K.H., Kim, Y., Conrad, M.E., Bill, M., Riley, W.J.,
and Hubbard, S.S., 2018, Deep unsaturated zone
contributions to carbon cycling in semiarid environments: Journal of Geophysical Research–
Biogeosciences, v. 123, p. 3045–3054, https://
doi.org/10.1029/2018JG004669.
White, A.F., and Brantley, S.L., 2003, The effect
of time on the weathering of silicate minerals: Why do weathering rates differ in the
laboratory and field?: Chemical Geology,
v. 202, p. 479–506, https://doi.org/10.1016/
j.chemgeo.2003.03.001.
Printed in USA

5

