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Abstract

Mixed siliciclastic and carbonate active orogens are common on Earth’s surface, yet most studies have focused on physical

erosion and chemical weathering in silicate-rich landscapes. Relative to purely siliciclastic landscapes, the response of erosion

and weathering to uplift may differ in mixed-lithology regions. However, our knowledge of weathering and erosion in mixed

carbonate-silicate lithologies is limited and thus our understanding of the mechanistic coupling between uplift, chemical weath-

ering, and the carbon cycle. Here, we partition the denudation fluxes into erosion and weathering fluxes of carbonates and

silicates in the Northern Apennine Mountains of Italy—a mixed siliciclastic-carbonate active orogen—using dissolved solutes,

the fraction of carbonate sand in sediments, and existing 10Be denudation rates. Erosion fluxes are generally an order of

magnitude higher than weathering fluxes and dominate total denudation. The contribution of carbonate and silicate minerals

to erosion varies between lithologic units, but weathering fluxes are systematically dominated by carbonates. Silicate weath-

ering may be limited by reaction rates, whereas carbonate weathering may be limited by acidity of the rivers that drain the

orogen. Precipitation of secondary calcite from super-saturated streams leads to the loss of up to 90% of dissolved Ca2+ from

carbonate-rich catchments. Thus, in the weathering zone, [Ca2+] is exceptionally high, likely driven by high soil pCO2; how-

ever, re-equilibration with atmospheric pCO2 in rivers converts solutes back into solid grains that become part of the physical

denudation flux. Limits on weathering in this landscape therefore differ between the subsurface weathering zone and what is

exported by rivers.
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Introduction  

Text  S1 in the supporting information justifies the exclusion of samples that show evidence for 
draining evaporite deposits, Text S2 describes the data used for the global denudation and 
weathering flux comparison, and Text S3 provides the equations used for calculating secondary 
carbonate precipitation. . Tables in the supporting information provide sample information, solute 
concentrations, or calculated metrics (e.g. saturation index) as a reference for figures included in 
the main text. Figures in the supporting information illustrate either aspects or justifications for the 
methods employed in this paper (Figures S2, S3, and S5), provide pictures of the lithologic units that 
we describe in the main text (Figures S1 and S6), or complement data presented in the text (Figure 
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S7). We note that none of the figures presented here are necessary for comprehending the main 
text.    

Evaporite Weathering (Text S1) 

In the absence of evaporite deposits, the total amounts of Ca2+ and Mg2+ in water samples 

reflect weathering of both silicates and carbonates. However, evaporites such as gypsum 

(CaSO4) may represent another substantial source of dissolved, riverine Ca2+ (Meybeck, 

1987). In carbonate catchments, the expected stoichiometric ratio of (Ca + Mg)/HCO3 is 

0.5 in pristine water (Sarin et al., 1989; Perrin et al., 2008). In the absence of evaporite 

deposits, calculated ratios along the Brahmaputra River are 1.09 ± 0.1 (Sarin et al., 1989), 

and between 1–2 for small catchments in France that were cultivated with nitrogen 

fertilizers (Perrin et al., 2008). The average (Ca + Mg)/HCO3 ratio and 2σ errors for our 

river samples is 1.21 ± 0.32 (R2 = 0.74), a value that indicates negligible Ca- and Mg-

bearing evaporite sources. High concentrations of SO4
2-, Na+, and Ca2+ were found in three 

of the studied catchments (No. 3, 5, and 15). These rivers fell outside the average ratios of 

(Ca + Mg)/HCO3 for all other catchments, consistent with observations of evaporite 

sources (halite and gypsum) in catchments 3 and 15 (Cortecci et al., 2008; Chiesi et al., 

2010; Boschetti et al., 2011), and were therefore excluded from the weathering flux 

calculations (Figure S2).  

 
Global Denudation and Weathering Flux Dataset Calculations (Text S2). 

A variety of methods have been employed to calculate the associated denudation and 

physical erosion fluxes for the global dataset. Most estimates of physical erosion in these 

data are derived from stream sediment fluxes (Hodson et al., 2000; Millot et al., 2002; 

Picouet et al., 2002; Hosein et al., 2004; West et al., 2005). A small subset of studies have 

calculated denudation and physical erosion fluxes from detrital cosmogenic nuclides 

measured in river sediments (Galy and France-Lanord, 2001; West et al., 2005). In turn, 

chemical weathering fluxes are calculated using either annual average element budgets or 

spot chemistry measurements combined with annual discharge.  

 

We compare our weathering data to studies that also calculated chemical weathering fluxes 

either from oxide concentrations of Ca2+, Mg2+, K+, Na+, and Si or from cation 
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concentrations. Note that for the purposes of comparison, we exclude the contribution of 

anions (CO3) from our carbonate weathering flux calculation (Equation 6, main text), in 

order to be consistent with the methods used to calculate weathering fluxes in the global 

compilation. Most global data points were extracted from West et al. (2005), from which 

we estimate weathering fluxes using the “Total Cation Denudation Rates fluxes” (TCDR), 

combined with weathering estimates of Si from SiO2 fluxes. We also recalculated 

weathering fluxes for datapoints from the Andes (Gaillardet et al., 1997) using the methods 

employed in this paper, and corrected the initial concentrations for atmospheric Cl- inputs 

using the weighted average composition of rainwater in the Amazon basin (8.31 µmol/L) 

calculated by Gaillardet al. (1997). 
 

 

Secondary Carbonate Precipitation Calculations (Text S3) 

With calcite precipitation, enrichment of Sr2+ occurs, and (Sr/Ca) increases, such that : 

[𝐒𝐒𝐒𝐒𝟐𝟐+]
�𝐂𝐂𝐂𝐂𝟐𝟐+�

=  
�𝐒𝐒𝐒𝐒𝟐𝟐+�𝟎𝟎
�𝐂𝐂𝐂𝐂𝟐𝟐+�𝟎𝟎

𝛄𝛄(𝐤𝐤𝐤𝐤−𝟏𝟏) (1) 

where 
�𝐒𝐒𝐒𝐒𝟐𝟐+�𝟎𝟎
�𝐂𝐂𝐂𝐂𝟐𝟐+�𝟎𝟎

 reflects the initial ratio of Sr to Ca in the absence of secondary precipitation, 

kd is the partition coefficient for Sr, and γ is the fraction of primary calcite that remains 

in the water at the sampling site (Bickle et al., 2015). (Sr2+/Ca2+)0 is constrained from 

elemental ratios in silicate and carbonate bedrock, which form an endmember mixing 

line. To estimate the endmember composition of local bedrock, we use published 

geochemical data of bedrock samples in the Northern Apennines (Bracciali et al., 2007; 

Dinelli et al., 1999). The carbonate endmember is defined as the inferred Sr/Ca content 

when Na/Ca equals zero, since carbonates are assumed to have negligible Na+ (Bickle et 

al., 2015). We estimate the endmember mixing line for each lithology using bulk major 

ions and the trace element composition of sandstones from the the Marnoso Arenacea 

Unit (Figure 8a) and the Macigno-Cervarola Unit (Figure 8b) (Dinelli et al., 1999), and 

from the IntL Unit (Figure 8c) and the ExtL Unit (Figure 8d) (Bracciali et al., 2007). We 

have no constraints on the bedrock composition of the Epiligurian Unit. However, in 
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most cases the Epiligurian Unit represents deposition in satellite basins that were coeval 

with and coupled with the deposition of the Tertiary Foredeep Units (Ricci Lucchi, 

1986a), so we expect that the composition of these units should be similar. 

The best-fit endmember mixing lines through all data points for each lithologic unit is 

described by the equation: 

𝟏𝟏𝟎𝟎𝟎𝟎𝟎𝟎∗[𝐒𝐒𝐒𝐒𝟐𝟐+]
�𝐂𝐂𝐂𝐂𝟐𝟐+�

= 𝐂𝐂 + 𝐛𝐛 [𝐍𝐍𝐂𝐂+]
�𝐂𝐂𝐂𝐂𝟐𝟐+�

 (2) 

where a and b are the intercept and slope of the fit. Samples that have not experienced 

secondary calcite precipitation should fall on this line (uncorrected samples, Figure 8). 

Similarly, samples before secondary precipitation fall on that line. The amount of 

secondary precipitation is calculated as the deviation of the solute samples from the 

bedrock mixing line. We can rearrange equation (3) to solve for  
�𝐒𝐒𝐒𝐒𝟐𝟐+�𝟎𝟎
�𝐂𝐂𝐂𝐂𝟐𝟐+�𝟎𝟎

 

 
�𝐒𝐒𝐒𝐒𝟐𝟐+�𝟎𝟎
�𝐂𝐂𝐂𝐂𝟐𝟐+�𝟎𝟎

=  [𝐒𝐒𝐒𝐒𝟐𝟐+]
�𝐂𝐂𝐂𝐂𝟐𝟐+�

𝛄𝛄(𝟏𝟏−𝐤𝐤𝐤𝐤) (3) 

Moreover, we have from equation (2), the definition of 𝛄𝛄 , and the assumption that the 

concentration of sodium does not change:  

𝟏𝟏𝟎𝟎𝟎𝟎𝟎𝟎 𝐱𝐱 [𝐒𝐒𝐒𝐒𝟐𝟐+]𝟎𝟎
[𝐂𝐂𝐂𝐂𝟐𝟐+]𝟎𝟎

= 𝐂𝐂 + 𝐛𝐛 [𝐍𝐍𝐂𝐂+]𝟎𝟎
�𝐂𝐂𝐂𝐂𝟐𝟐+�𝟎𝟎

= 𝐂𝐂 + 𝐛𝐛 [𝐍𝐍𝐂𝐂+]
�𝐂𝐂𝐂𝐂𝟐𝟐+�

𝜸𝜸 (4) 

Combining equations (3), and (4), we can minimize the following equation numerically 

for γ: 

𝟏𝟏𝟎𝟎𝟎𝟎𝟎𝟎 𝐱𝐱 [𝐒𝐒𝐒𝐒𝟐𝟐+]
[𝐂𝐂𝐂𝐂𝟐𝟐+]

∗ 𝛄𝛄(𝟏𝟏−𝐤𝐤𝐤𝐤) − 𝐂𝐂 − 𝐛𝐛 [𝐍𝐍𝐂𝐂+]
�𝐂𝐂𝐂𝐂𝟐𝟐+�

𝜸𝜸 = 𝟎𝟎 (5) 

Samples were corrected for secondary calcite precipitation using a partition coefficient of 

k = 0.05. Previous studies suggest that the acceptable range of values for k is 0.02-0.2 

(Tesoriero and Pankow, 1996; Gabitov and Watson, 2006; Nehrke et al., 2007), so we 

additionally performed the correction using the two endmember k values (k = 0.02 and k 

= 0.2), in order to assess the variability in the adjusted [Ca2+] concentrations (Figure S5). 
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Using a lower k value results in a smaller correction to [Ca2+], so the value used for our 

correction (k = 0.05) could be interpreted as a minimum; however, regardless of the k 

value used, the resulting correction to the original [Ca2+] concentrations is substantial.  
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Figure S1. Field examples of lithologies observed in the Northern Apennines. a) sandstones of the 
Macigno Unit, b) Interbedded sandstone and marls of the Marnoso Arenacea Unit, c) sandstone of 
the Epiligurian Unit (background), d) shale and limestone beds (white, dashed outline) and f) 
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serpentinite of the Internal Ligurian Unit, and e) scaly clays of the External Ligurian Unit. Black arrows 
in a) and b) indicate rock hammers for scale.  
 
 

 
Figure S2. Denudation fluxes plotted against annual runoff estimates averaged over the last five 
available years of data. 
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Figure S3. Plot of HCO3 against Ca + Mg. Linear regression (dashed line) and R2 statistic apply only 
to black data points. Outlier data points are illustrated as blue circles; numbers correspond to river 
numbers shown in Figure 1a.  
 
 
 

 
Figure S4. Mixing diagram comparing ratios of Ca/Na and Mg/Na for different lithologies in the 
Northern Apennines (colored circles) with Gaillardet et al. (1999) global dataset (gray circles) and  
endmember compositions for carbonate, silicate, and evaporites. 
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Table S1. Elemental Concentrations and TDS calculations using a local precipitation correction for 
rainwater inputs. “% Change TDSTotal” reflects the percent difference between using global seawater 
ratios versus local precipitation ratios to perform the correction.  

 
 

 
Table S2. Sampling locations, basin area, and % catchment-averaged percent carbonate sand from 
this study. Lithic carbonate (Lc) point counts and average grain size for each catchment (where 
available) from Garzanti et al. (1998, 2002). 
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Table S3. Major dissolved ion concentrations and sampling location information. 
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Table S4. Saturation Index and results for secondary calcite precipitation correction.  
 
 
 

 
Table S5. Calculations of suspended sediment yield fluxes for rivers from the Northern Apennines.  
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Figure S5. Endmember corrections for secondary calcite precipitations using k = 0.02 (outlined 
circles) and k = 0.2 (filled circles). Internal Ligurian Unit is neglected as samples draining this unit 
were not corrected for secondary calcite precipitation.  
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Figure S6. Examples of carbonate grains from a) the Lamone River (River No. 20) and b) the 
Baganza River (River No. 13). Grains of interest are highlighted relative to the background and are 
indicated with arrows in each figure. a) Example of a secondary calcite grain comprised of organic 
matter (dark material at center of both pieces) surrounded by a carbonate crust. b) Examples of 
primary carbonate grains in the Baganza River. The upper-left grain is comprised of sparry micrite 
and the lower-right grain is a single-grain calcite.  
 
 

 
Figure S7. Percent carbonate sand measured in catchments from this study plotted against a) the 
calculated secondary Ca flux as a percent of the total denudation flux and b) the calculated 
secondary CaCO3 flux as a percent of the total denudation flux. Dotted black line represents the 1:1 
line. Dashed black line represents the linear regression through the data, with associated regression 
statistics.  
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Introduction  

Text  S1 in the supporting information justifies the exclusion of samples that show evidence for 
draining evaporite deposits, Text S2 describes the data used for the global denudation and 
weathering flux comparison, and Text S3 provides the equations used for calculating secondary 
carbonate precipitation. . Tables in the supporting information provide sample information, solute 
concentrations, or calculated metrics (e.g. saturation index) as a reference for figures included in 
the main text. Figures in the supporting information illustrate either aspects or justifications for the 
methods employed in this paper (Figures S2, S3, and S5), provide pictures of the lithologic units that 
we describe in the main text (Figures S1 and S6), or complement data presented in the text (Figure 
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S7). We note that none of the figures presented here are necessary for comprehending the main 
text.    

Evaporite Weathering (Text S1) 

In the absence of evaporite deposits, the total amounts of Ca2+ and Mg2+ in water samples 

reflect weathering of both silicates and carbonates. However, evaporites such as gypsum 

(CaSO4) may represent another substantial source of dissolved, riverine Ca2+ (Meybeck, 

1987). In carbonate catchments, the expected stoichiometric ratio of (Ca + Mg)/HCO3 is 

0.5 in pristine water (Sarin et al., 1989; Perrin et al., 2008). In the absence of evaporite 

deposits, calculated ratios along the Brahmaputra River are 1.09 ± 0.1 (Sarin et al., 1989), 

and between 1–2 for small catchments in France that were cultivated with nitrogen 

fertilizers (Perrin et al., 2008). The average (Ca + Mg)/HCO3 ratio and 2σ errors for our 

river samples is 1.21 ± 0.32 (R2 = 0.74), a value that indicates negligible Ca- and Mg-

bearing evaporite sources. High concentrations of SO4
2-, Na+, and Ca2+ were found in three 

of the studied catchments (No. 3, 5, and 15). These rivers fell outside the average ratios of 

(Ca + Mg)/HCO3 for all other catchments, consistent with observations of evaporite 

sources (halite and gypsum) in catchments 3 and 15 (Cortecci et al., 2008; Chiesi et al., 

2010; Boschetti et al., 2011), and were therefore excluded from the weathering flux 

calculations (Figure S2).  

 
Global Denudation and Weathering Flux Dataset Calculations (Text S2). 

A variety of methods have been employed to calculate the associated denudation and 

physical erosion fluxes for the global dataset. Most estimates of physical erosion in these 

data are derived from stream sediment fluxes (Hodson et al., 2000; Millot et al., 2002; 

Picouet et al., 2002; Hosein et al., 2004; West et al., 2005). A small subset of studies have 

calculated denudation and physical erosion fluxes from detrital cosmogenic nuclides 

measured in river sediments (Galy and France-Lanord, 2001; West et al., 2005). In turn, 

chemical weathering fluxes are calculated using either annual average element budgets or 

spot chemistry measurements combined with annual discharge.  

 

We compare our weathering data to studies that also calculated chemical weathering fluxes 

either from oxide concentrations of Ca2+, Mg2+, K+, Na+, and Si or from cation 
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concentrations. Note that for the purposes of comparison, we exclude the contribution of 

anions (CO3) from our carbonate weathering flux calculation (Equation 6, main text), in 

order to be consistent with the methods used to calculate weathering fluxes in the global 

compilation. Most global data points were extracted from West et al. (2005), from which 

we estimate weathering fluxes using the “Total Cation Denudation Rates fluxes” (TCDR), 

combined with weathering estimates of Si from SiO2 fluxes. We also recalculated 

weathering fluxes for datapoints from the Andes (Gaillardet et al., 1997) using the methods 

employed in this paper, and corrected the initial concentrations for atmospheric Cl- inputs 

using the weighted average composition of rainwater in the Amazon basin (8.31 µmol/L) 

calculated by Gaillardet al. (1997). 
 

 

Secondary Carbonate Precipitation Calculations (Text S3) 

With calcite precipitation, enrichment of Sr2+ occurs, and (Sr/Ca) increases, such that : 

[𝐒𝐒𝐒𝐒𝟐𝟐+]
�𝐂𝐂𝐂𝐂𝟐𝟐+�

=  
�𝐒𝐒𝐒𝐒𝟐𝟐+�𝟎𝟎
�𝐂𝐂𝐂𝐂𝟐𝟐+�𝟎𝟎

𝛄𝛄(𝐤𝐤𝐤𝐤−𝟏𝟏) (1) 

where 
�𝐒𝐒𝐒𝐒𝟐𝟐+�𝟎𝟎
�𝐂𝐂𝐂𝐂𝟐𝟐+�𝟎𝟎

 reflects the initial ratio of Sr to Ca in the absence of secondary precipitation, 

kd is the partition coefficient for Sr, and γ is the fraction of primary calcite that remains 

in the water at the sampling site (Bickle et al., 2015). (Sr2+/Ca2+)0 is constrained from 

elemental ratios in silicate and carbonate bedrock, which form an endmember mixing 

line. To estimate the endmember composition of local bedrock, we use published 

geochemical data of bedrock samples in the Northern Apennines (Bracciali et al., 2007; 

Dinelli et al., 1999). The carbonate endmember is defined as the inferred Sr/Ca content 

when Na/Ca equals zero, since carbonates are assumed to have negligible Na+ (Bickle et 

al., 2015). We estimate the endmember mixing line for each lithology using bulk major 

ions and the trace element composition of sandstones from the the Marnoso Arenacea 

Unit (Figure 8a) and the Macigno-Cervarola Unit (Figure 8b) (Dinelli et al., 1999), and 

from the IntL Unit (Figure 8c) and the ExtL Unit (Figure 8d) (Bracciali et al., 2007). We 

have no constraints on the bedrock composition of the Epiligurian Unit. However, in 
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most cases the Epiligurian Unit represents deposition in satellite basins that were coeval 

with and coupled with the deposition of the Tertiary Foredeep Units (Ricci Lucchi, 

1986a), so we expect that the composition of these units should be similar. 

The best-fit endmember mixing lines through all data points for each lithologic unit is 

described by the equation: 

𝟏𝟏𝟎𝟎𝟎𝟎𝟎𝟎∗[𝐒𝐒𝐒𝐒𝟐𝟐+]
�𝐂𝐂𝐂𝐂𝟐𝟐+�

= 𝐂𝐂 + 𝐛𝐛 [𝐍𝐍𝐂𝐂+]
�𝐂𝐂𝐂𝐂𝟐𝟐+�

 (2) 

where a and b are the intercept and slope of the fit. Samples that have not experienced 

secondary calcite precipitation should fall on this line (uncorrected samples, Figure 8). 

Similarly, samples before secondary precipitation fall on that line. The amount of 

secondary precipitation is calculated as the deviation of the solute samples from the 

bedrock mixing line. We can rearrange equation (3) to solve for  
�𝐒𝐒𝐒𝐒𝟐𝟐+�𝟎𝟎
�𝐂𝐂𝐂𝐂𝟐𝟐+�𝟎𝟎

 

 
�𝐒𝐒𝐒𝐒𝟐𝟐+�𝟎𝟎
�𝐂𝐂𝐂𝐂𝟐𝟐+�𝟎𝟎

=  [𝐒𝐒𝐒𝐒𝟐𝟐+]
�𝐂𝐂𝐂𝐂𝟐𝟐+�

𝛄𝛄(𝟏𝟏−𝐤𝐤𝐤𝐤) (3) 

Moreover, we have from equation (2), the definition of 𝛄𝛄 , and the assumption that the 

concentration of sodium does not change:  

𝟏𝟏𝟎𝟎𝟎𝟎𝟎𝟎 𝐱𝐱 [𝐒𝐒𝐒𝐒𝟐𝟐+]𝟎𝟎
[𝐂𝐂𝐂𝐂𝟐𝟐+]𝟎𝟎

= 𝐂𝐂 + 𝐛𝐛 [𝐍𝐍𝐂𝐂+]𝟎𝟎
�𝐂𝐂𝐂𝐂𝟐𝟐+�𝟎𝟎

= 𝐂𝐂 + 𝐛𝐛 [𝐍𝐍𝐂𝐂+]
�𝐂𝐂𝐂𝐂𝟐𝟐+�

𝜸𝜸 (4) 

Combining equations (3), and (4), we can minimize the following equation numerically 

for γ: 

𝟏𝟏𝟎𝟎𝟎𝟎𝟎𝟎 𝐱𝐱 [𝐒𝐒𝐒𝐒𝟐𝟐+]
[𝐂𝐂𝐂𝐂𝟐𝟐+]

∗ 𝛄𝛄(𝟏𝟏−𝐤𝐤𝐤𝐤) − 𝐂𝐂 − 𝐛𝐛 [𝐍𝐍𝐂𝐂+]
�𝐂𝐂𝐂𝐂𝟐𝟐+�

𝜸𝜸 = 𝟎𝟎 (5) 

Samples were corrected for secondary calcite precipitation using a partition coefficient of 

k = 0.05. Previous studies suggest that the acceptable range of values for k is 0.02-0.2 

(Tesoriero and Pankow, 1996; Gabitov and Watson, 2006; Nehrke et al., 2007), so we 

additionally performed the correction using the two endmember k values (k = 0.02 and k 

= 0.2), in order to assess the variability in the adjusted [Ca2+] concentrations (Figure S5). 
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Using a lower k value results in a smaller correction to [Ca2+], so the value used for our 

correction (k = 0.05) could be interpreted as a minimum; however, regardless of the k 

value used, the resulting correction to the original [Ca2+] concentrations is substantial.  
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Figure S1. Field examples of lithologies observed in the Northern Apennines. a) sandstones of the 
Macigno Unit, b) Interbedded sandstone and marls of the Marnoso Arenacea Unit, c) sandstone of 
the Epiligurian Unit (background), d) shale and limestone beds (white, dashed outline) and f) 
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serpentinite of the Internal Ligurian Unit, and e) scaly clays of the External Ligurian Unit. Black arrows 
in a) and b) indicate rock hammers for scale.  
 
 

 
Figure S2. Denudation fluxes plotted against annual runoff estimates averaged over the last five 
available years of data. 
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Figure S3. Plot of HCO3 against Ca + Mg. Linear regression (dashed line) and R2 statistic apply only 
to black data points. Outlier data points are illustrated as blue circles; numbers correspond to river 
numbers shown in Figure 1a.  
 
 
 

 
Figure S4. Mixing diagram comparing ratios of Ca/Na and Mg/Na for different lithologies in the 
Northern Apennines (colored circles) with Gaillardet et al. (1999) global dataset (gray circles) and  
endmember compositions for carbonate, silicate, and evaporites. 
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Table S1. Elemental Concentrations and TDS calculations using a local precipitation correction for 
rainwater inputs. “% Change TDSTotal” reflects the percent difference between using global seawater 
ratios versus local precipitation ratios to perform the correction.  

 
 

 
Table S2. Sampling locations, basin area, and % catchment-averaged percent carbonate sand from 
this study. Lithic carbonate (Lc) point counts and average grain size for each catchment (where 
available) from Garzanti et al. (1998, 2002). 
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Table S3. Major dissolved ion concentrations and sampling location information. 
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Table S4. Saturation Index and results for secondary calcite precipitation correction.  
 
 
 

 
Table S5. Calculations of suspended sediment yield fluxes for rivers from the Northern Apennines.  
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Figure S5. Endmember corrections for secondary calcite precipitations using k = 0.02 (outlined 
circles) and k = 0.2 (filled circles). Internal Ligurian Unit is neglected as samples draining this unit 
were not corrected for secondary calcite precipitation.  
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Figure S6. Examples of carbonate grains from a) the Lamone River (River No. 20) and b) the 
Baganza River (River No. 13). Grains of interest are highlighted relative to the background and are 
indicated with arrows in each figure. a) Example of a secondary calcite grain comprised of organic 
matter (dark material at center of both pieces) surrounded by a carbonate crust. b) Examples of 
primary carbonate grains in the Baganza River. The upper-left grain is comprised of sparry micrite 
and the lower-right grain is a single-grain calcite.  
 
 

 
Figure S7. Percent carbonate sand measured in catchments from this study plotted against a) the 
calculated secondary Ca flux as a percent of the total denudation flux and b) the calculated 
secondary CaCO3 flux as a percent of the total denudation flux. Dotted black line represents the 1:1 
line. Dashed black line represents the linear regression through the data, with associated regression 
statistics.  
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