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Materials and Methods 
 

Experimental Design and Construction 
Two polymers, xanthan gum (a linear polysaccharide of glucose, mannose, and glucuronic acid produced 

by the fermentation of plant carbohydrates by the gamma-proteobacterium Xanthomonas campestris) and guar gum 
(a branched polysaccharide of galactose and mannose derived from the plant Cyamopsis tetragonoloba), and two 
clays, smectite and kaolinite, were used to quantify the effect of organic polymer on flocculation.  

Natural soils are dominated by three main types of clay: kaolinite, illite and smectite (35); the two clays we 
chose for this experiment represent mineralogical end members of dominant clay minerals in soils. Kaolinite has 1:1 
tetrahedral:octahedral geometry without interlayer cations, whereas smectite has 2:1 tetrahedral:octahedral geometry 
with charged interlayer cations capable of undergoing distinct bonding interactions with organics.  

Likewise, the two polymers chosen for this study have distinct sources, structures, branching patterns, and 
functional groups that affect presence and abundance within natural soils as well as bonding interactions. At circum-
neutral pH, xanthan gum is a negatively charged, linear bacterial polymer, whereas guar gum is a neutral branched 
plant polymer capable of a wider range of molecular interactions. These molecules are long-chain polysaccharides 
with variable branches and charged functional groups, comparable to most dominant organic molecules synthesized 
by plants in their cells walls (e.g., cellulose, (22)) and common in soil and sediment environments even as microbes 
act to degrade and modify plant-derived organic matter (31, 36). With that, we acknowledge the wide diversity of 
biopolymers present in natural terrestrial organic matter, but used these model polymers as representatives of the 
most common types of molecules, structures, and functional groups present in plant detritus and the microbes that 
life closely alongside them, capable of facilitating intramolecular binding interactions. Combinations of these clays 
and polymers captured a range of potential molecular interactions that occur in natural soils to form flocs in 
suspended sediment and deposit mud onto floodplains.  

Humic acids (37) offered another opportunity to test flocculation from plant-derived organic matter, 
typically generated via incomplete lignin degradation (37). Overall, our experiments were designed to optimize the 
optical quantification of settling velocity for flocs formed by model polymer-clay combinations, and are described 
below. Humic acid extracts have significant light absorbance at visible wavelengths, so while the results of humic 
acid experiments were consistent with flocculation behavior demonstrated by xanthan and guar gums, the nature of 
the humics interfered with the optical absorbance measurements necessary to our primary experimental setup. We 
applied a distinct approach to facilitate floc tracking and settling velocity calculations in humics experiments: we 
used kaolinite because of its high contrast and increased the total sediment concentration to 5 g/L with 2.8 weight % 
humic acid.  Note that these sediment concentrations are at the upper range of what is typically observed in rivers 
(Table S1), and thus preclude direct comparison between humic acid results with our other experiments.  However, 
in experiments where humic extracts were added, we observed formation of kaolinite flocs with diameters of ~100 
to 300 µm and settling velocities of ~10-3 m/s; experiments with no humics added did not produce any visible flocs.  

These experiments gave insight into the complex combination of factors that affect floc formation. 
Flocculation is driven by primary particle composition and concentration, organic composition, and turbulent shear. 
In our experiments, we observed that variation in any of these factors yielded measurable differences in flocculation 
behavior, so we designed the following conditions both to maximize reproducibility among experiments and cover 
concentration regimes that reflect modern river conditions (Table S1). For each experiment, 0.2 g of clay was 
weighed into a 500-mL reactor and soaked in distilled water for one (1) hour to ensure full saturation. While 
soaking, the polymer was weighed to distinct ratios relative to clay weight (1, 2, 5, 8 or 10 weight %) and dissolved 
in water using a magnetic stir bar. This range of weight percent polymer-to-clay was inspired by the methodology of 
previous studies of organic-driven freshwater flocculation, and aimed to capture the range of dissolved and 
particulate organic matter concentrations in modern rivers (39, 40). The concentrations of dissolved and particulate 
organic matter in paleofluvial systems is not well-constrained beyond the organic contents measured in the resulting 
sedimentary deposits. 

Our experimental setup consisted of a 500-mL batch reactor placed on a stir plate within a light-sensitive 
box constructed out of aluminum rods (Fig. 2A inset). A light strip was positioned behind the reactor, with a 
diffusive material placed in front of the light to allow equal distribution of the light throughout the flume for optimal 
observation of settling. The camera was positioned at a fixed distance on the other side of the settling column within 
the light-sensitive box to observe the full vertical range of the flume, and connected to an adjacent computer to 
avoid interaction with the flume or camera during the experiment. The polymer solution and additional water were 
added to fully fill the 500-mL reactor. The solution was stirred for thirty more minutes prior to observing settling to 
ensure complete suspension and homogeneous distribution of suspended sediment within the reactor. While 
turbulence conditions can vary for natural rivers, flow dynamics are thought to be self-similar under the same fully 
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turbulent flow regime (41). We targeted the reactor to be fully turbulent (𝑅𝑅𝑅𝑅 ~ 104) and set the magnetic stir bar to 
the identical intensity for each experiment (42). 

To observe settling, stirring was stopped and photographs were taken using a Nikon D5200 at one-second 
intervals (Fig. 2A inset). Each photo was cropped to a 198- by 742-pixel matrix to ensure the suspended sediment 
change over time was calculated over the same interval. To perform the data analysis and characterize the 
experimental conditions, several control and calibration experiments were performed: First, experiments were 
performed without addition of organics as a control to characterize behavior of unflocculated clay (e.g., potential for 
abiotic aggregation). Second, measurements of light intensity were correlated to a range of clay suspended sediment 
concentration (0.0 g/L to 1.0 g/L, at 0.02 g/L increments), related using an exponential regression, and applied to 
convert photographs from experiment into concentration units.  Third, to constrain the velocity of the water, a 
buoyant particle was captured moving within the reactor. This value was used to the Reynolds number:  

𝑅𝑅𝑅𝑅 =
𝑢𝑢𝑢𝑢
𝑣𝑣

 
where u is average particle velocity (0.12 m/s), L is the diameter of the reactor (0.08 m), and v is the kinematic 
viscosity of the fluid (10-6 m2/s). Our flume had an approximate Reynolds number of 10048, and particles followed a 
chaotic trajectory confirming turbulent flow in our river analog system (42). Fourth, to confirm that we were 
accurately predicting settling velocities in our experimental set-up, we performed calibration experiments with 90 
mesh sand (diameter = 165 µm) and compared calculated settling velocities to Stokes’ settling estimates (14) . 
Experimental and Stokes’ settling velocities for fine-grained sand overlapped within uncertainty. Finally, we 
performed all of our experiments at least twice to quantify experimental reproducibility. Results from our full set of 
experiments are presented in Table S2 and the code for photo processing and settling velocity quantification has 
been made available online (34). 
 
Data Analysis and Modeling 
 Average photo pixel values were used to measure sediment concentration; changes in pixel value over the 
experiment were converted into sediment concentration over time using a previously determined calibration curve to 
match pixel intensity to concentration (Fig. S2). Settling velocities were calculated over the interval of maximum 
settling using the following relationship 

𝐶𝐶
𝐶𝐶𝑜𝑜

= 1 −  𝑤𝑤𝑠𝑠
∆𝑧𝑧
𝑡𝑡 (𝑆𝑆1)  

where C is the volumetric suspended sediment concentration of a given area in the photo matrix, Co is the initial 
concentration of at that area, ws is the average settling velocity, ∆𝑧𝑧 is the change in height over the area of interest, 
and t is time. We fit a line using linear least squares regression between C / Co and time (e.g., black line in Fig. 2A), 
and calculated ws by dividing the best-fit slope of the line by -∆𝑧𝑧 .  

Equation (1) was derived as follows. The change in suspended concentration with respect to time, 𝑑𝑑𝐶𝐶
𝑑𝑑𝑑𝑑

, is 
related to the change in sediment concentration over the height of the cropped photo window 𝑑𝑑𝑧𝑧 by mass balance 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑡𝑡

=  
𝑑𝑑(𝑑𝑑 𝑤𝑤𝑠𝑠)
𝑑𝑑𝑧𝑧

 (𝑆𝑆2) 
and z is the height of the window of interest, where the z direction is positive upwards. We calculated average 
concentration using: 

𝑑𝑑̅ =  
1
∆𝑧𝑧

� 𝑑𝑑𝑑𝑑𝑧𝑧
∆𝑧𝑧

0
 (𝑆𝑆3) 

We substituted this relationship into equation (1) to get  
𝑑𝑑𝑑𝑑̅
𝑑𝑑𝑡𝑡

=  
1
∆𝑧𝑧

 [𝑑𝑑𝑤𝑤𝑠𝑠|𝑧𝑧=∆𝑧𝑧 −  𝑑𝑑𝑤𝑤𝑠𝑠|𝑧𝑧=0] (𝑆𝑆4) 
The 𝑑𝑑𝑤𝑤𝑠𝑠 term when 𝑧𝑧 = ∆𝑧𝑧 is zero because the water at the top of the photo window of interest will clear, and the 
concentration will go to zero, so 

𝑑𝑑𝑑𝑑̅
𝑑𝑑𝑡𝑡

=  
−1
∆𝑧𝑧

 [ 𝑑𝑑𝑤𝑤𝑠𝑠] (𝑆𝑆5) 
Based on the assumption that the settling reached its terminal settling velocity, we integrated the two sides of the 
equation with respect to concentration and time to find equation (S1), using the initial concentration at t = 0 is the 
initial sediment concentration 𝑑𝑑𝑜𝑜.  
 
Statistical analysis 
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 We grouped our average measured settling velocities to evaluate statistically significant differences 
between the settling velocities observed under different experimental conditions. We formally tested the following 
null hypotheses H0, with rows of Table S2 indicated in parentheses, to indicate which experiments were used for 
each test.  

(1) The addition of organics produced identical average clay settling velocities compared to clay without 
organics added (control: 1, 12; flocculated: 2:11, 13:29). 

(2) The addition of guar gum yielded identical average floc settling velocities compared to those produced via 
the addition of xanthan gum (guar: 2:6, 13:17, 23:26; xanthan 7:11, 18:22, 27:29). 

(3) The guar gum-smectite combination produced flocs with identical average settling velocities compared to 
those produced by any other polymer-clay combination (smectite-guar: 2:6, 23:26; everything else: 7:22, 
27:29) 

For each hypothesis, we tested an alternative hypothesis Ha in which the first group (i.e., “addition of organics” for 
hypothesis 1) produced greater settling velocities. Thus, we performed t-tests with H0: μ = μ0 and Ha: μ > μ0. p-
values were reported based on Welch’s two-sample, one-sided t-tests using the “t.test” function in the R statistical 
software (www.r-project.org). 
 
Floodplain sedimentation model 

We modeled overbank flow using a one-dimensional floodplain cross-sectional profile perpendicular to a 
river channel, with deposition rates of sediment input spanning clay to sand sizes (Fig. 3A).  The spatial domain we 
considered was half of a floodplain on one side of the channel. The model is a suspended sediment advection-
settling model, similar to models derived in previous work (43), and is derived in a simple form to arrive at an 
analytical solution.  
 The mass conservation of suspended sediment in one dimension is 

𝜕𝜕𝑞𝑞𝑠𝑠
𝜕𝜕𝜕𝜕

= 𝑤𝑤𝑠𝑠(𝑅𝑅𝑠𝑠 − 𝑑𝑑𝑏𝑏) (𝑆𝑆6) 
in which 𝑞𝑞𝑠𝑠 is the volumetric sediment flux per unit width (m2/s), 𝜕𝜕 is the horizontal distance across the floodplain 
from the channel edge (m), 𝑤𝑤𝑠𝑠 is particle settling velocity (m/s), 𝑅𝑅𝑠𝑠 is the dimensionless entrainment rate from the 
bed, and 𝑑𝑑𝑏𝑏 is the dimensionless near-bed volumetric sediment concentration (44, 45). The sediment transport 
parameters are grain size-specific, and the generalization to many grain sizes was made in our implementation. 
 We assumed that sediment entrainment on the floodplain was negligible, and that sediment transport 
occurred due to advection without turbulent diffusion. These conditions gave 𝑅𝑅𝑠𝑠 = 0 and 𝑞𝑞𝑠𝑠 = 𝑑𝑑̅𝑞𝑞, respectively, 
where 𝑑𝑑̅ is the depth-averaged dimensionless volumetric sediment concentration and 𝑞𝑞 is the overbank water 
discharge per unit width (m2/s). We used 𝑟𝑟0 ≡

𝐶𝐶𝑏𝑏
𝐶𝐶̅
≥ 1 to describe the stratification of the vertical suspended 

sediment concentration profile (44). Using these assumptions and definitions, we integrated Eq. (S6) to find  
𝑑𝑑̅(𝜕𝜕) = 𝑑𝑑0 exp �−

𝑤𝑤𝑠𝑠𝑟𝑟0
𝑞𝑞

𝜕𝜕�  (𝑆𝑆7) 

in which the sediment concentration at the boundary of the channel and floodplain is 𝑑𝑑0. We differentiated equation 
(S7) with respect to 𝜕𝜕 and multiplied both sides by 𝑞𝑞 to recover an equation for the divergence in sediment flux 

𝜕𝜕𝑞𝑞𝑠𝑠
𝜕𝜕𝜕𝜕

= −𝑤𝑤𝑠𝑠𝑟𝑟0𝑑𝑑0 exp �−
𝑤𝑤𝑠𝑠𝑟𝑟0
𝑞𝑞

𝜕𝜕�  (𝑆𝑆8) 

The divergence of the sediment flux is related to changes in floodplain elevation using the Exner conservation of 
sediment mass equation 

�1 − 𝜆𝜆𝑝𝑝�
𝜕𝜕𝜕𝜕
𝜕𝜕𝑡𝑡

= −
𝜕𝜕𝑞𝑞𝑠𝑠
𝜕𝜕𝜕𝜕

 (𝑆𝑆9) 
where 𝜆𝜆𝑝𝑝 is the porosity of the sediment deposit, 𝜕𝜕 is floodplain elevation, and 𝑡𝑡 is time (46). Substituting equation 
(S8) into equation (S9) results in an expression for the floodplain aggradation rate 

𝜕𝜕𝜕𝜕𝑖𝑖
𝜕𝜕𝑡𝑡

=
𝑤𝑤𝑠𝑠𝑖𝑖𝑟𝑟0𝑑𝑑0𝑖𝑖
1 − 𝜆𝜆𝑝𝑝

exp �−
𝑤𝑤𝑠𝑠𝑖𝑖𝑟𝑟0
𝑞𝑞

𝜕𝜕� (S10) 

where the subscript i denotes values for the ith grain-size class when generalizing to n grain-size classes. We 
assumed that the parameters on the right-hand side of equation (S10) do not vary significantly with time during a 
characteristic flood event.   
 Inspection of equation (S10) revealed that flocculation leads to faster floodplain mud deposition rates, all 
else being equal. Across different fluvial systems, overbank discharge, sediment concentration, and grain size 
distribution can vary and cause different deposition rates and spatial trends in grain size composition of deposits. For 
any given combination of those variables, flocculation increases settling velocities wsi for mud particles. Based on 
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equation (S10), higher mud settling velocities led to two interacting effects: first, 𝜕𝜕𝜕𝜕
𝜕𝜕𝑑𝑑

 increases linearly with wsi and 

second, 𝜕𝜕𝜕𝜕
𝜕𝜕𝑑𝑑

 decays exponentially with wsi where the horizontal scale is also determined by overbank discharge q. Thus, 
flocculation causes overall greater mud aggradation rates, and a steeper falloff of mud deposition rate with distance 
from the channel.  

Input model parameters for two scenarios were scaled after observed values for the Mississippi River, USA 
as an example of a large, low-gradient fluvial system (47, 48), which exemplifies the deep channeled, low-gradient 
single-threaded rivers common before and after the Silurian Period (23). The per-width discharge q is the product of 
overbank flow depth and velocity. We based overbank flow depth of 2.3 m and overbank flow velocity of 1 m/s (q = 
2.3 m2/s) on direct flood measurements at the main stem Missouri River near its confluence with the Mississippi 
River (49). The total overbank sediment concentration sourced from the channel, which sets 𝑑𝑑0 = ∑𝑑𝑑0𝑖𝑖, is 
independent of percent mud and normalized deposition rate, so it was set to an arbitrary constant. We specified a 
log-normal distribution of suspended sediment grain size at the channel boundary (median or geometric mean 5.6 
μm, geometric standard deviation 5.5 mm) to interpolate the total averaged concentration across 28 log-spaced size 
classes with minimum grain size 0.02 μm and maximum grain size 2 mm (Fig. 3A). For the flocculated mud 
scenario, all grains smaller than 20 μm were considered flocculated to a uniform floc settling velocity of 0.34 mm/s 
(Fig. 3B) following the estimated average floc settling velocity in modern rivers based on analysis of river 
suspended sediment concentration profiles (10). Although suspended sediment may be flocculated for grains up to 
40 μm (10), Stokes’ settling velocity predictions exceed 0.34 mm/s for grains larger than 20 μm  (50). Thus, a 
uniform settling velocity of 0.34 mm/s was only assigned to those grain size classes smaller than 20 μm to enforce 
the observation that flocculation generally increases settling velocity. Compared to the experiment results, the 
prescribed floc settling rate of 0.34 mm/s was similar to the estimated settling velocity in the 2 and 5% weight ratio 
smectite-guar treatment (0.265 and 0.437 mm/s, respectively; Fig. 2C), and fell in the range of experiment settling 
velocities. Based on prior work, we expected that the presence of silt, which we did not explicitly test in 
experiments, would further increase floc settling velocities (20). For coarser grains and all grains in the 
unflocculated case, settling velocity was calculated from reference (50). We specified 𝑟𝑟0 = 1 (corresponding to a 
uniform suspended sediment concentration profile) because the influence of 𝑟𝑟0 was of secondary importance 
compared to the settling velocity.  
 We generated the grain size-specific floodplain model profiles according to equation (S10), and used the 
model profiles to assess the effect of flocculation on relative mud abundance compared to sand across a floodplain 
(Fig. 3C). We classified and aggregated these results into mud (D < 62.5 μm) and sand (D > 62.5 μm) size classes to 
calculate percent mud of deposits (Fig. 3C). Fig. 3C shows the proximal floodplain over a width of twice the 
advection length of sand particles (~170 m) to maintain appreciable sand in the domain for comparison with mud 
deposition (Fig. 3C). The advection length is the characteristic length over which a particle of a given size is 
transported before it settles to the bed in the absence of entrainment, and can be calculated from the per-width water 
discharge q divided by the settling velocity ws of the median sand grain size (43). This formulation illustrated that q 
controls the horizontal spatial scale of deposition, and that changing the value of q directly changed the scale of 
floodplain length at a fixed channel position but did not change the relative distribution of mud and sand. Beyond 
twice the advection length, the prevalence of mud over sand became more associated with the inability of the flow to 
transport sand grains and less due to the effects of flocculation. In other words, percent mud tended to unity with 
distance from the channel for all cases for large transport distances (many times the advection length of sand) simply 
because the sand fraction settled out completely. 
 Figure 3D shows the predictions of equation (S10) over a much greater distance across the floodplain. We 
used equation (S10) to compare relative magnitudes of mud deposition rates across a floodplain for flocculated and 
unflocculated scenarios (Fig. 3D). We summed deposition rates for mud size classes to compute the total mud 
deposition rate. We normalized the deposition rates by the maximum deposition rate in the flocculated case 
(occurring at the channel bank, x = 0) to better highlight the comparison. 

In order to generalize the model results to fluvial settings beyond that considered here, we varied the input 
parameters independently to demonstrate their effects on the results across ranges of plausible values (Fig. S4). 
Specifically, the input parameters of per-width overbank discharge q, grain size distribution of suspended sediment 
advected from the channel, and floc settling velocity ws, floc determine the two model results, percent mud and 
normalized mud deposition rate (Fig. 3C and 3D). We characterized variations in grain size distribution as variations 
in the median of the distribution D50 and held the standard deviation constant. While the lowland alluvial setting 
considered in Fig. 3 is likely to deposit substantial mud and preserve mudrock in the rock record, other types of river 
systems with different planform geometries and/or gradients can yield different model results because of correlated 
trends with characteristic overbank discharges, suspended sediment grain size distribution and floc settling velocity. 
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Using the flocculated scenario inputs and results from Fig. 3 as a base case, we calculated percent mud and 
normalized mud deposition rate for each parameter of interest (q, D50, and ws, floc) by varying that parameter across 
realistic natural values and setting all other parameters to the same values used in the flocculated base case. We then 
compared each modeled scenario to an equivalent unflocculated scenario by setting sediment settling velocities 
according to predictions (50). As a result, these tests demonstrated the likely range of model outcomes that can be 
associated with variations in physical properties of rivers.  
 The model sensitivity results for all variables demonstrated that individual variations in these parameters 
always produce sand-mud transitions closer to the channel compared to unflocculated scenarios (Fig. S4). This result 
was consistent with the generation of muddier floodplains caused by mud flocculation. Similarly, mud deposition 
rate results showed that, in most cases, mud deposition rate in a distal location from the channel can be increased by 
up to tenfold compared to unflocculated cases, again consistent with muddier floodplains. However, deposition rate 
of flocculated mud can be smaller than that of unflocculated mud for sufficiently small q < 1 m2/s. This behavior 
highlighted the role of q in setting the horizontal mud advection scale. If discharge is too small, the flocculated mud 
will settle out completely closer to the channel such that more distal parts of the floodplain will be starved of mud. 
Additionally, model results for large D50 converged to the unflocculated case, showing that the effect of flocculation 
is minimal with low mud supply from the channel.  

If we considered for model purposes that different fluvial systems are characterized by differences in their 
overbank discharge and sediment grain size distribution and that flocculation simply sets the grain size-settling 
velocity relationship, then the introduction of mud flocculation always produced a model response for any given 
river tending to muddier floodplains for realistic ranges of ws, floc (Fig. S4). Compared to unflocculated results at 
identical discharge and grain size distribution, ws, floc promoted higher distal floodplain mud deposition rates (up to 
3.6 times greater than that of the unflocculated case) and more proximal transitions to dominantly mud deposits (up 
to 2 orders of magnitude closer to the channel). Thus, the role of mud flocculation alone is expected to cause more 
channel-proximal floodplain mud distribution and greater floodplain mud abundance, and in turn overall muddier 
floodplains. 

 
  

6



 
Fig. S1. Flocculated and unflocculated clays. Example of the substantial impact that organic polymers can have on 
flocculation and settling. Unflocculated smectite (2 g/500 mL) in optical settling column after sitting overnight (left) 
versus flocculated, settled smectite (2 g/500 mL + 1 weight % guar gum) after t = 1 minute (right).  
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Fig. S2. Experimental intensity to sediment concentration calibration curves. Calibration curves for (A) 
smectite and (B) kaolinite that were used to calculate light absorbance (measured by photo pixel intensity) into 
sediment concentration. 
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Fig. S3. Sand- versus mud-dominant alluvial deposits. Schematic showing the potential distribution of mud and 
sand within fluvial deposits (A) without and (B) with flocculation, driven by different amounts lateral channel 
migration relative to avulsion. Without flocculation, banks are sandier and river lateral migration rates are faster, 
resulting in wider sand bodies that are more interconnected.  With flocculation, banks are stronger and channel 
bodies are narrower, and reduced lateral migration relative to avulsion results in isolated sandstone bodies.  
  

9



 
Fig. S4. Floodplain sediment transport model sensitivity analysis. Model results showing the effect of overbank 
discharge per unit width, q, median grain size, D50, and floc settling velocity ws, floc (range of 16th to 84th percent 
quantiles of ws, floc based on modern river data analyzed in (10)) on the main results shown in Fig. 3. Top row: Mud 
deposition rate on the floodplain at 5000 m from the channel for the flocculated case, normalized by mud deposition 
rate at 5000 m for the unflocculated case. Bottom row: Distance from the channel of the sand-mud transition 
(defined by 50% mud). The dashed curves in the bottom row panels mark the distance of the sand-mud transition in 
the unflocculated case calculated with Stokes’ settling velocities. For each column, all other variables in the model 
were held constant and set to the values used in Fig. 3 (q = 2.3 m2/s, D50 = 5.6 μm, ws, floc = 0.34 mm/s, shown as 
vertical dotted lines in their respective columns).   
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Attribute 

 
Observed condition 

Suspended sediment 
concentrations 

0.14 – 3.08 g/L, average of 1.25 g/L (38) 

Most abundant clay minerals Illite, kaolinite, smectite, vermiculite (35) 
Organic concentrations 1-6%(19); 1-20%(9) 

Table S1. Typical natural river conditions. Relevant characteristics of global river sediment that guided 
experimental design for the flocculation experiments. Continents vary in clay mineralogy and percentage due to soil 
type, topography, and bedrock geology. The ranges for percent organics were based on two studies examining the 
role of organics in forming flocs within fluvial systems. 
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Clay Polymer E/C 
(%) n 

Absolute 
value of 
settling 
velocity 

(abs(velocity), 
m/s) 

Relative 
standard 

error 
log10(abs(velocity)) 

1 Smectite  n/a 0 9 1.69E-06 1.57E+00 -5.77 
2 Smectite  guar 1 5 6.24E-05 4.06E-01 -4.20 
3 Smectite  guar 2 4 2.65E-04 5.21E-01 -3.58 
4 Smectite  guar 5 11 4.37E-04 1.96E-01 -3.36 
5 Smectite  guar 8 3 6.28E-04 2.43E-01 -3.20 
6 Smectite  guar 10 4 1.28E-03 2.48E-01 -2.89 

7 Smectite  xanthan 1 3 1.55E-06 -
2.77E+01 -5.81 

7 Smectite  xanthan 2 3 2.40E-06 -
1.74E+00 -5.62 

8 Smectite  xanthan 5 2 1.24E-05 6.75E-01 -4.91 

9 Smectite  xanthan 8 3 3.37E-06 3.22E-02 -5.47 

10 Smectite  xanthan 10 3 3.19E-06 -7.49E-
01 -5.50 

11 Kaolinite n/a 0 3 2.72E-06 6.36E-07 -5.57 
12 Kaolinite guar 1 4 1.54E-05 2.47E-01 -4.81 
13 Kaolinite guar 2 3 2.64E-05 7.36E-01 -4.58 
14 Kaolinite guar 5 2 6.20E-06 2.90E+00 -5.21 

15 Kaolinite guar 8 2 3.99E-06 -2.84E-
01 -5.40 

16 Kaolinite guar 10 2 3.32E-06 -2.96E-
01 -5.48 

17 Kaolinite xanthan 1 2 1.82E-05 -1.19E-
01 -4.74 

18 Kaolinite xanthan 2 2 7.44E-06 3.29E-01 -5.13 

19 Kaolinite xanthan 5 2 1.33E-05 -5.70E-
01 -4.88 

20 Kaolinite xanthan 8 1 6.93E-06 n/a -5.16 

21 Kaolinite xanthan 10 2 8.59E-06 -1.78E-
01 -5.07 

22* Kaolinite humic 2.8 2 1E-03 2E-04 -3 
23 Smectite : 

Kaolinite 
(0.25) 

guar 10 1 8.72E-05 n/a -4.06 

24 Smectite : 
Kaolinite 

(0.50) 
guar 5 1 6.34E-04 n/a -3.20 
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25 Smectite : 
Kaolinite 

(0.50) 
guar 10 1 4.63E-04 n/a -3.33 

26 Smectite : 
Kaolinite 

(0.75) 
guar 10 1 6.44E-04 n/a -3.19 

27 Smectite : 
Kaolinite 

(0.50) 
xanthan 2 1 3.17E-06 n/a -5.50 

28 Smectite : 
Kaolinite 

(0.50) 
xanthan 5 1 3.61E-05 n/a -4.44 

29 Smectite : 
Kaolinite 

(0.50) 
xanthan 10 1 8.59E-06 n/a -5.07 

30 90 Mesh 
sand n/a n/a 3 1.72E-02 3.54E-01 -1.76 

31 Fine silt 
(theoretical) n/a n/a n/a 1.44E-06 n/a -5.84 

32 Coarse silt 
(theoretical) n/a n/a n/a 1.44E-04 n/a -3.84 

33 Fine Sand 
(theoretical) n/a n/a n/a 2.29E-02 n/a -1.64 

 
Table S2. Experimental results. Settling velocities measured in flocs experiments. Italicized rows represent 
settling velocities that were not meaningfully different from the clay control when accounting for the uncertainty in 
the sediment concentration measurements. The asterisk denotes distinct experimental setup used for humic acid 
experiment. 
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