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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 2 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 (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).  

Secondary precipitation of calcite from supersaturated waters, and the consequent enrichment of 

Sr2+ in the remaining solution, has been observed in the Himalaya and in Taiwan (Bickle et al., 

2015; Emberson, Galy, & Hovius, 2018; Jacobson, Blum, & Walter, 2002). This enrichment can 

be estimated by calculating the deviation of solute samples from a mixing line between a silicate 

and carbonate endmember in Na/Ca and Sr*1000/Ca space.  

 

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). Carbonates 

are assumed to have negligible Na+, so the carbonate endmember is defined as the inferred Sr/Ca 

content when Na/Ca equals zero (Bickle et al., 2015). We estimate the silicate endmember for each 

lithology using major ions and the trace element composition of sandstones from the Tertiary 

Foredeep Units (Dinelli et al., 1999), and from various lithologies in the Ligurian Units (Bracciali 

et al., 2007). We use a linear regression through all data points as the endmember mixing line for 

each lithology (Figure S4). For the Tertiary Foredeep deposits, we differentiate between the 

Marnoso Arenacea Unit and the Macigno-Cervarola Units. We additionally differentiate between 

the Internal and External Ligurian Units, as the bedrock composition is sufficiently different 

between the two units (Figure S4, c-d) to warrant treating them separately (Bracciali et al., 2007). 

To constrain the endmember mixing line for the External Ligurian Unit, we used chemical data of 
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the solids from the exposed formation, or, where available, local data from sand within the specific 

catchment (Bracciali et al., 2007). We have no constraints on the bedrock composition of the Epi-

Ligurian Unit. However, in most cases the Epi-Ligurian Unit represents deposition in satellite 

basins that were coeval with and coupled with the deposition of the Tertiary Foredeep Units (Ricci 

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

 

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). We also performed the correction 

for secondary calcite precipitation for two endmember scenarios (k = 0.02 and k = 0.2) to assess 

the variability in the adjusted [Ca2+] concentrations (Figure S5). 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.  

 

We corrected all supersaturated water samples for secondary calcite precipitation, even those that 

drain mixed lithologies (catchments 8–9 and 17–18) (Table S3). A subset of water samples that 

predominantly drain a single lithology were used to constrain the overall water chemistry for each 

lithology. For example, we corrected catchments 8-9 with the External Ligurian bedrock mixing 

line (Table S3), because over half of the catchment is covered by the External Ligurian Unit.  

 

For catchment 17, the External Ligurian Unit covers 55% the catchment area, although we observe 

no offset between the water sample ratios and the External Ligurian bedrock mixing line, 

suggesting that no significant secondary calcite precipitation occurs in these catchments. However, 

this river has highly oversaturated waters (SI = 0.9), so we are confident that secondary calcite 

precipitation is in fact occurring along this river. We thus correct for secondary calcite in this 

catchment using the bedrock mixing line for the Tertiary Foredeep Units (Cervarola and Epi-

Ligurian Units) (Figure 1a). These units comprise the remaining 45% of the catchment area, and 

we observe an offset between the water sample ratios and bedrock mixing line, as expected for 

oversaturated samples.  

 

We did not correct the [Ca2+] in undersaturated and saturated samples, because no secondary calcite 

precipitation is expected, which is consistent with the observation that the water chemistry could 

not be differentiated from the bedrock geochemical compositions for these samples.  
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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 data to studies that also calculated chemical weathering fluxes either from oxide 

concentrations of Ca2+, Mg2+, K+, Na+, and Si or from cation concentrations. 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 mol/L) calculated by Gaillardet al. (1997). 
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River/Location Latitude Longitude

Basin Area 

(km
2
)

% Carbonate 

Sand 

(250-500 µm) Lc grain counts

Avg  Size of Lc  

grains (µm)

1  Bisenzio 43.9278° 11.1258° 149 28 NA NA

2  Lima 43.9993° 10.5539° 317 20 NA NA

3  Serchio at Piaggone 43.9299° 10.5060° 1160 24 33† NA

4 Serchio at Filicaia 44.1360° 10.3762° 252 N.A. NA NA

5  Magra 44.1869° 9.9256° 947 25 20† NA

6  Vara 44.1899° 9.8578° 555 18 6
*

540
*

7  Entella 44.3509° 9.3619° 297 17 7
*

620
*

8 Scrivia 44.7194° 8.86056° 615 57 36
*

310
*

9 Staffora 44.8930° 9.0569° 264 49 55
*

300
*

10 Trebbia 44.9089° 9.5893° 918 60 45
*

400
*

11  Nure 44.8816° 9.6532° 343 67 57
*

310
*

12 Taro 44.6976° 10.0934° 1250 63 43
*

570
*

13 Baganza 44.6842° 10.2130° 153 76 70
*

310
*

14 Parma 44.5688° 10.2370° 264 71 74
*

140
*

15 Enza 44.6267° 10.4133° 481 60 53
*

235
*

16 Secchia 44.5431° 10.767 1010 47 40* 190*

17 Panaro 44.4196° 10.925 680 38 51* 310*

18 Reno 44.3923° 11.257 990 36 28* 580*

19 Senio at Palazzuolo 44.2266° 11.632 136 25 NA NA

20 Lamone at Biforco 44.0651° 11.601 179 21 NA NA

21 Montone at Davadola 44.1201° 11.885 190 42 NA NA

† Data from Garzanti et al. (2002).  Values refer to estimates for the Massa Carrara Unit that is drained by the Magra River (5) or 

the Pisa Province that is drained by the Serchio River (3).

* Data from Garzanti et al. (1998) Ligurian Rivers (1-7) were sampled along the coastline  and Adriatic Rivers (8-21) were sampled 

at the mountain front.
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