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3. Data Description 
This dataset was used to analyse the link between chemical weathering and erosion rates across the 
southern tip of Taiwan. The weathering of silicate minerals is a key component of Earth’s long-term 
carbon cycle, and it stabilises Earth’s climate by sequestering carbon dioxide (CO2) from the atmos-
phere – thereby balancing CO2-emissions from the mantle. Conversely, the weathering of accessory 
carbonate and sulphides acts as a CO2 source. Chemical weathering is fundamentally dependent on 
the exposure of fresh minerals by erosion. With these data we investigated the link between the ex-
posure of rocks by erosion and the chemical weathering of silicates, carbonates, and sulphides across 
a landscape with a significant erosion-rate gradient and comparatively little variation in runoff and 
lithology 

This dataset includes new major element chemistry and water isotopes of river waters collected from 
across the southern tip of Taiwan as well as associated topographic and lithologic data (tab 1 in the 
excel table). Moreover, the data include a compilation of published 10Be-derived erosion rates from a 
subset of the sampled rivers (tab 2 in the excel file) and available major element chemistry from 
hotsprings in the region (tab 3 in the excel file). Using a mixing model, we derived the cation contri-
butions from silicate and carbonate weathering as well as from hotspring and cyclic sources. Further, 
we estimated the erosion rates for each sample from the compiled 10Be data and the steepness of 
river channels, and we estimated saturation and pH in the weathering zone. 

3.1. Sampling method 
The following text is a shortened excerpt from the methods section of Bufe et al. (2021).   

During two field seasons in February-March 2015 and May-June 2017, we collected 119 water sam-
ples across southern Taiwan for chemical analysis in 1-liter HDPE bottles from river banks with access 
to the main flow. All samples were filtered the evening after sampling into a set of smaller HDPE bot-
tles (for anion and cation measurements as well as water isotope analyses) using 0.22 µm Merck Ex-
press Plus Membrane filters. We rinsed each bottle with filtered water before filling, and we acidified 
all bottles for cation analyses with concentrated ultrapure nitric acid (HNO3). We measured pH and 
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temperature of the river in the field at the sample location using a WTW Multi 3430 Multimeter and 
a WTW SensoLyt 900 pH probe. Electrical conductivity and dissolved oxygen content of the water 
were measured with a WTW TetraCon 925 and a WTW FDO 925 probe respectively.  

3.2. Analytical procedure: 
The following text is a shortened excerpt from the methods section of Bufe et al. (2021).  

After dilution with a Cs-spiked solution, cations (𝐵𝐵𝑎𝑎2+, 𝐶𝐶𝑎𝑎2+, 𝐹𝐹𝑒𝑒2+, 𝐾𝐾+, 𝐿𝐿𝐿𝐿+, 𝑀𝑀𝑔𝑔2+, 𝑀𝑀𝑀𝑀2+, 𝑁𝑁𝑎𝑎+, 
and 𝑆𝑆𝑟𝑟2+) and dissolved silica were measured on a Varian 720 ICP-OES at the German Research Cen-
tre for Geosciences (GFZ). Every 10 samples a quality control sample, mixed at the GFZ, was meas-
ured to monitor machine drift. All accepted runs had a drift of <5%. We measured external river wa-
ter standards SLRS-5 or SLRS-6 and USGS-T187 and M212 for quality control. The measurements 
were calibrated using a set of 11 in-house standards, and any standards that did not fall within 10% 
of a linear fit through all standards were discarded. We only used measurements within the range of 
accepted standards, and estimated the uncertainty in the cation analysis from the maximum devia-
tion of the calibration standards from the calibration line. We measured major anions, (𝐶𝐶𝑙𝑙−, 𝑁𝑁𝑂𝑂3−, 
𝑆𝑆𝑂𝑂42−), on a Dionex ICS-1100 chromatograph using a six-point linear calibration and USGS 206 and 
212 standards for quality-control. For samples from 2017, we also measured concentrations of fluo-
rine (𝐹𝐹−). Uncertainty estimates were based on the standard deviation from three repeat measure-
ments. Finally, we measured water isotopes of stream samples on a Picarro 2140i at the GFZ. Bicar-
bonate concentrations (𝐻𝐻𝐻𝐻𝑂𝑂3−) were estimated by charge balance, which assumes that the contribu-
tion of bicarbonate from organic sources is negligible (Text S4). Uncertainties were propagated from 
the analytical uncertainties of the measured concentrations.  

3.3. Data processing 
The following text is a shortened excerpt from the methods section of Bufe et al. (2021). 

Notations and constants 

We use the following notations: [𝑖𝑖], is the concentration of ion 𝑖𝑖, 𝜐𝜐𝑖𝑖 is the valence of ion 𝑖𝑖, [𝑖𝑖]𝑒𝑒𝑒𝑒 =
𝜐𝜐𝑖𝑖[𝑖𝑖] is the charge equivalent concentration of ion 𝑖𝑖,  𝛾𝛾𝑖𝑖 is the activity coefficient of ion 𝑖𝑖, and 𝑎𝑎𝑖𝑖 is the 
activity of ion 𝑖𝑖 with 𝑎𝑎𝑖𝑖 = 𝛾𝛾𝑖𝑖[𝑖𝑖]. Subscripts 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, 𝑠𝑠𝑠𝑠𝑙𝑙, and 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, denote quantities calculated for the 
ions derived from carbonate, silicate, and sulphide weathering, and the subscripts ℎ𝑠𝑠, 𝑐𝑐𝑐𝑐, 𝑠𝑠𝑠𝑠, and 𝑡𝑡𝑡𝑡𝑡𝑡 
refer to contributions from hotsprings, cyclic sources, silicate and carbonate weathering, and the to-
tal solute budget. We use the equilibrium constants and standard enthalpies as specified in Table 1. 

Erosion rate – ksn scaling 

We used a regression between existing cosmogenic nuclide erosion rate data (Chen et al., 2020; Fel-
lin et al., 2017) and the catchment-averaged steepness indices to predict catchment-averaged ero-
sion rates for each of our water samples. First, we calculated mean steepness indices upstream of 
each cosmogenic nuclide sample and upstream of each water sample using TopoToolbox V2.2 
(Schwanghart & Scherler, 2014). Cosmogenic nuclide concentrations in southern Taiwan decrease 
northward, and concentrations in repeat samples collected in 2006 and 2015/16 generally agree 
(Chen et al., 2020; Fellin et al., 2017). We used a regression through the catchment-averaged normal-
ized steepness and catchment-averaged erosion rates to predict, from the steepness index, a catch-
ment averaged erosion rate for each of the water samples collected in this study. Uncertainties in 
erosion-rates were estimated from the confidence band of the regression. We excluded all data from 
2012 from the analysis, because of the potential impact of Typhoon Morakot on the data (Chen et al., 
2020).  
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Unmixing major contributions to the cation solute budget 

In our analysis, we only considered the major cations 𝐶𝐶𝑎𝑎2+, 𝑀𝑀𝑔𝑔2+, 𝐾𝐾+, and 𝑁𝑁𝑎𝑎+ and contributions 
from carbonates, silicates, cyclic water, and hotsprings to the cation budget. The concentrations of 
cations derived from carbonate weathering, [𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, silicate weathering, [𝐶𝐶𝐶𝐶𝐶𝐶]𝑠𝑠𝑠𝑠𝑠𝑠, the sum of sili-
cate and carbonate weathering [𝐶𝐶𝐶𝐶𝐶𝐶]𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤, cyclic contributions [𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐, and hotsprings [𝐶𝐶𝐶𝐶𝐶𝐶]ℎ𝑠𝑠, are: 

[𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = �[𝑖𝑖]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑖𝑖

;   [𝐶𝐶𝐶𝐶𝐶𝐶]𝑠𝑠𝑠𝑠𝑠𝑠 = �[𝑖𝑖]𝑠𝑠𝑠𝑠𝑠𝑠
𝑖𝑖

;   [𝐶𝐶𝐶𝐶𝐶𝐶]𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = [𝐶𝐶𝐶𝐶𝐶𝐶]𝑠𝑠𝑠𝑠𝑠𝑠 + [𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐;   [𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐

= �[𝑖𝑖]𝑐𝑐𝑐𝑐
𝑖𝑖

;   [𝐶𝐶𝐶𝐶𝐶𝐶]ℎ𝑠𝑠 = �[𝑖𝑖]ℎ𝑠𝑠
𝑖𝑖

;   

(1). 

We define corresponding charge equivalent concentrations, [𝐶𝐶𝐶𝐶𝐶𝐶]𝑒𝑒𝑒𝑒, as: 

[𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑒𝑒𝑒𝑒 = �𝜐𝜐𝑖𝑖[𝑖𝑖]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑖𝑖

;    [𝐶𝐶𝐶𝐶𝐶𝐶]𝑠𝑠𝑠𝑠𝑠𝑠
𝑒𝑒𝑒𝑒 = �𝜐𝜐𝑖𝑖[𝑖𝑖]𝑠𝑠𝑠𝑠𝑠𝑠

𝑖𝑖

;  [𝐶𝐶𝐶𝐶𝐶𝐶]𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑒𝑒𝑒𝑒

= [𝐶𝐶𝐶𝐶𝐶𝐶]𝑠𝑠𝑠𝑠𝑠𝑠
𝑒𝑒𝑒𝑒 + [𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑒𝑒𝑒𝑒 ;  [𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐
𝑒𝑒𝑒𝑒 = �𝜐𝜐𝑖𝑖[𝑖𝑖]𝑐𝑐𝑐𝑐

𝑖𝑖

;  [𝐶𝐶𝐶𝐶𝐶𝐶]ℎ𝑠𝑠
𝑒𝑒𝑒𝑒 = �𝜐𝜐𝑖𝑖[𝑖𝑖]ℎ𝑠𝑠

𝑖𝑖

; 

(2). 

The fraction of cation charge related to carbonate weathering, 𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, and the fraction of cation 
charge balanced by sulphate, 𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, are defined as: 

𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
[𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑒𝑒𝑒𝑒

[𝐶𝐶𝐶𝐶𝐶𝐶]𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑒𝑒𝑒𝑒 ;    𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

[𝑆𝑆𝑂𝑂42−]𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑒𝑒𝑒𝑒

[𝐶𝐶𝐶𝐶𝐶𝐶]𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑒𝑒𝑒𝑒  

(3). 

We used an inverse approach to estimate the contribution of carbonate and silicate minerals to the 
dissolved solids. Following previous authors (Burke et al., 2018; Emberson et al., 2018; Gaillardet et 
al., 1999; Moon et al., 2014; West et al., 2005), this estimate was based on modelling the relative 
concentrations of three major soluble cations, 𝑁𝑁𝑎𝑎+, 𝐶𝐶𝑎𝑎2+, and 𝑀𝑀𝑔𝑔2+ as a mix of a silicate and a car-
bonate endmember (Table 2). In addition, here we include the concentration of 𝐶𝐶𝐶𝐶−, to allow correc-
tion of the cyclic and hotspring contribution (Table 2). Based on these endmembers, we solved the 
following equations using the linear least squares solver lsqlin in MATLAB:  

 

�
𝑁𝑁𝑎𝑎+

𝐶𝐶𝑎𝑎2+
�
𝑚𝑚

= 𝛼𝛼𝐶𝐶𝐶𝐶,𝑠𝑠𝑠𝑠𝑠𝑠 �
𝑁𝑁𝑎𝑎+
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(4), 
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�
𝑚𝑚
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(5), 

 

�
𝐶𝐶𝐶𝐶−

𝐶𝐶𝑎𝑎2+
�
𝑚𝑚

= 𝛼𝛼𝐶𝐶𝐶𝐶,𝑠𝑠𝑠𝑠𝑠𝑠 �
𝐶𝐶𝐶𝐶−
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�
𝑠𝑠𝑠𝑠𝑠𝑠

+ 𝛼𝛼𝐶𝐶𝐶𝐶,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
𝐶𝐶𝐶𝐶−

𝐶𝐶𝑎𝑎2+
�
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

+ 𝛼𝛼𝐶𝐶𝐶𝐶,𝑐𝑐𝑐𝑐 �
𝐶𝐶𝐶𝐶−

𝐶𝐶𝑎𝑎2+
�
𝑐𝑐𝑐𝑐

+ 𝛼𝛼𝐶𝐶𝐶𝐶,ℎ𝑠𝑠 �
𝐶𝐶𝐶𝐶−

𝐶𝐶𝑎𝑎2+
�
ℎ𝑠𝑠

 

(6), 

under the conditions that: 

𝛼𝛼𝐶𝐶𝐶𝐶,𝑠𝑠𝑠𝑠𝑠𝑠 + 𝛼𝛼𝐶𝐶𝐶𝐶,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝛼𝛼𝐶𝐶𝐶𝐶,𝑐𝑐𝑐𝑐 + 𝛼𝛼𝐶𝐶𝐶𝐶,ℎ𝑠𝑠 = 1 (7), 

and 

0 ≤ 𝛼𝛼𝐶𝐶𝐶𝐶,𝑠𝑠𝑠𝑠𝑠𝑠 ≤ 1;   0 ≤ 𝛼𝛼𝐶𝐶𝐶𝐶,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ≤ 1;   0 ≤ 𝛼𝛼𝐶𝐶𝐶𝐶,𝑐𝑐𝑐𝑐 ≤ 1;   0 ≤ 𝛼𝛼𝐶𝐶𝐶𝐶,ℎ𝑠𝑠 ≤ 1 (8), 
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where 𝛼𝛼𝐶𝐶𝐶𝐶,𝑠𝑠𝑠𝑠𝑠𝑠, 𝛼𝛼𝐶𝐶𝐶𝐶,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, 𝛼𝛼𝐶𝐶𝐶𝐶,𝑐𝑐𝑐𝑐 and 𝛼𝛼𝐶𝐶𝐶𝐶,ℎ𝑠𝑠 are the fractions of calcium sourced from silicate weather-
ing, carbonate weathering, cyclic input, and hotspring input respectively. Following previous authors 
(Moon et al, 2014), we estimated pairs of “best fit” endmembers for each sample with 10,000 Monte 
Carlo runs. In each run, we randomly picked a set of two endmembers from normal distributions de-
fined by the mean and the standard deviation of the local endmember estimates (Table 2). For each 
sample, we then obtained an individual endmember estimate from the mean and standard deviation 
of all Monte Carlo runs that were weighted by the inverse chi-squared misfit between model and 

data of each run. One sample with an anomalously high ratio of �𝑀𝑀𝑔𝑔
2+

𝐶𝐶𝑎𝑎2+
� was discarded from the inver-

sion because it does not fall within the bounds of the silicate-carbonate-hotspring-cyclic endmember. 

 
Estimate of sulphuric acid contribution to weathering 

The contribution of weathering by sulphuric acid was estimated from the total sulphate concentra-
tions corrected for cyclic and hotspring inputs: 

[𝑆𝑆𝑂𝑂42−]𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = [𝑆𝑆𝑂𝑂42−]𝑚𝑚 − [𝑆𝑆𝑂𝑂42−]𝑐𝑐𝑐𝑐 − [𝑆𝑆𝑂𝑂42−]ℎ𝑠𝑠 (9), 

with 

[𝑆𝑆𝑂𝑂42−]𝑐𝑐𝑐𝑐 = 𝛼𝛼𝐶𝐶𝐶𝐶,𝑐𝑐𝑐𝑐 �
𝑆𝑆𝑆𝑆42−

𝐶𝐶𝑎𝑎2+
�
𝑐𝑐𝑐𝑐

;     [𝑆𝑆𝑂𝑂42−]ℎ𝑠𝑠 = 𝛼𝛼𝐶𝐶𝐶𝐶,ℎ𝑠𝑠 �
𝑆𝑆𝑆𝑆42−

𝐶𝐶𝑎𝑎2+
�
ℎ𝑠𝑠

 
(10). 

This calculation assumes negligible anthropogenic and evaporite inputs of sulphate to Taiwanese riv-
ers and an absence of major sulphate sinks (Text S4).  

Corrections for secondary precipitation of calcite 

The enrichment of waters in Sr2+ relative to Ca2+ and Na+ can be used as an indicator for secondary 
precipitation of calcite (Bickle et al., 2015; Emberson et al., 2018). Assuming that all measured Sr is 
contributed from chemical weathering, solutes from a mixed silicate and carbonate source that have 
not experienced re-precipitation of calcite should fall on a mixing line between a pure calcite 

endmember at �𝑁𝑁𝑎𝑎
+

𝐶𝐶𝑎𝑎2+
� close to zero and 1000 �𝑆𝑆𝑆𝑆

2+

𝐶𝐶𝑎𝑎2+
� = 1 − 2, and a silicate endmember with both a 

higher �𝑁𝑁𝑎𝑎
+

𝐶𝐶𝑎𝑎2+
� and a higher �𝑆𝑆𝑆𝑆

2+

𝐶𝐶𝑎𝑎2+
� ratio (Emberson et al., 2018). We assumed that the published ele-

mental analyses of suspended sediments sampled in the Chenyoulan river (Emberson et al., 2018) 
approximate the endmember mixing line between silicates and carbonates, and we found the best fit 
line through these data that is described by: 

1000 × [𝑆𝑆𝑆𝑆]
[𝐶𝐶𝐶𝐶]

= 𝑎𝑎 + 𝑏𝑏
[𝑁𝑁𝑁𝑁]
[𝐶𝐶𝐶𝐶]

 (11), 

where 𝑎𝑎 and 𝑏𝑏 are the parameter of the linear fit. With precipitation of calcium, the Sr/Ca ratio in-
creases according to: 

[𝑆𝑆𝑆𝑆]𝑓𝑓
[𝐶𝐶𝐶𝐶]𝑓𝑓

=
[𝑆𝑆𝑆𝑆]0
[𝐶𝐶𝐶𝐶]0

𝛽𝛽(𝑘𝑘𝑘𝑘−1) 
(12), 

 

where subscripts 0 and 𝑓𝑓 denote the initial and final concentrations respectively, 𝑘𝑘𝑘𝑘 is the partition 

coefficient for Sr into abiotic calcite, and 𝛽𝛽 =
[𝐶𝐶𝐶𝐶]𝑓𝑓
[𝐶𝐶𝐶𝐶]0

 is the fraction of original calcite remaining in the 

water (Bickle et al., 2015). The partition coefficient has been shown to vary with precipitation rates 
and temperature between ~0.02 – 0.2 (Gabitov & Watson, 2006; Nehrke et al., 2007; Tesoriero & 
Pankow, 1996). We follow Bickle et al. (2015) and Emberson et al. (2018) and use a value of 𝑘𝑘𝑘𝑘 =
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0.05. Moreover, we neglect incorporation of Mg into calcite, because Mg incorporation into calcite at 

concentrations of �𝑀𝑀𝑔𝑔
2+

𝐶𝐶𝑎𝑎2+
� < 1, is expected to be <5% (Loste et al., 2003; Meldrum & Hyde, 2001). To 

estimate 𝛽𝛽 (and thereby [𝐶𝐶𝐶𝐶]0) we note that: 

[𝑆𝑆𝑆𝑆]0
[𝐶𝐶𝐶𝐶]0

=
[𝑆𝑆𝑆𝑆]𝑓𝑓
[𝐶𝐶𝐶𝐶]𝑓𝑓

𝛽𝛽(1−𝑘𝑘𝑘𝑘) 
(13), 

and because the concentration of sodium is unchanged: 

[𝑁𝑁𝑁𝑁]0 = [𝑁𝑁𝑁𝑁]𝑓𝑓 (14). 

From equations (11) and (14) and the definition of β, we get: 

1000 × [𝑆𝑆𝑆𝑆]0
[𝐶𝐶𝐶𝐶]0

= 𝑎𝑎 + 𝑏𝑏
[𝑁𝑁𝑁𝑁]0
[𝐶𝐶𝐶𝐶]0

= 𝑎𝑎 + 𝑏𝑏
[𝑁𝑁𝑁𝑁]𝑓𝑓
[𝐶𝐶𝐶𝐶]𝑓𝑓

𝛽𝛽 
(15). 

Now, we have two estimates for [𝑆𝑆𝑆𝑆]0
[𝐶𝐶𝐶𝐶]0

 from equation (13) and (15), and we minimized the following 

equation numerically: 

1000 × [𝑆𝑆𝑆𝑆]𝑓𝑓
[𝐶𝐶𝐶𝐶]𝑓𝑓

𝛽𝛽1−𝑘𝑘𝑘𝑘 − 𝑎𝑎 − 𝑏𝑏
[𝑁𝑁𝑁𝑁]0
[𝐶𝐶𝐶𝐶]𝑓𝑓

𝛽𝛽 = 0 
(16). 

 

Uncertainties in the fraction of original calcite remaining in the water, 𝛽𝛽, were estimated from uncer-
tainties in the regression parameters and the measured concentrations using a Monte Carlo routine. 
To this end, we repeated the minimization 10,000 times, randomly picking (1) the regression parame-
ters from a bivariate normal distribution defined by the coefficients and variance-covariance matrix 
of the regression and (2) [𝑆𝑆𝑆𝑆2+], [𝐶𝐶𝐶𝐶2+], and [𝑁𝑁𝑁𝑁+] from the normal distribution defined by the 
measurement and uncertainty. We then estimated the uncertainty of 𝛽𝛽 from the standard deviation 
of 𝛽𝛽 from all Monte Carlo runs. The final uncertainty in the corrected calcium concentrations was es-
timated from this standard deviation and the analytical uncertainty of the original calcium measure-
ment.  

CO2 budget from weathering reactions 

We estimated the impact of erosion rates and the associated weathering patterns measured in Tai-
wan on the emission or drawdown of CO2 by considering the balance of alkalinity and dissolved inor-
ganic carbon (DIC) produced by weathering (see Table A.1 and equations A11 and A12 In Torres et 
al., 2016). The short-term effect of weathering on the inorganic CO2 balance is: 

[𝐶𝐶𝐶𝐶2]𝑠𝑠𝑠𝑠 = 𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠0.5[𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑒𝑒𝑒𝑒 + �1 − 𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠�0.5[𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑒𝑒𝑒𝑒

− �1 − 𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠��[𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑒𝑒𝑒𝑒 + [𝐶𝐶𝐶𝐶𝐶𝐶]𝑠𝑠𝑠𝑠𝑠𝑠

𝑒𝑒𝑒𝑒� 
(17), 

where [𝐶𝐶𝐶𝐶2] are the moles of CO2 produced (positive [𝐶𝐶𝐶𝐶2]) or sequestered (negative [𝐶𝐶𝐶𝐶2]) per 
unit volume of weathering fluid. Noting that: 

𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
[𝑆𝑆𝑂𝑂4]𝑒𝑒𝑒𝑒

[𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑒𝑒𝑒𝑒 + [𝐶𝐶𝐶𝐶𝐶𝐶]𝑠𝑠𝑠𝑠𝑠𝑠

𝑒𝑒𝑒𝑒  
(18), 

this equation can be simplified to: 

[𝐶𝐶𝐶𝐶2]𝑠𝑠𝑠𝑠 = [𝑆𝑆𝑂𝑂4]𝑒𝑒𝑒𝑒 − 0.5 [𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑒𝑒𝑒𝑒 − [𝐶𝐶𝐶𝐶𝐶𝐶]𝑠𝑠𝑠𝑠𝑠𝑠

𝑒𝑒𝑒𝑒  (19). 

Beyond the calcium carbonate compensation time (~10 ky; Zeebe & Westbroek, 2003), the produc-
tion of alkalinity and dissolved cations by chemical weathering is balanced by the precipitation of 
(mostly) marine calcium carbonate. Then: 
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[𝐶𝐶𝐶𝐶2]𝑚𝑚𝑚𝑚 = 𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠0.5[𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑒𝑒𝑒𝑒 + �1 − 𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠�0.5[𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑒𝑒𝑒𝑒

− 0.5�1 − 𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠��[𝐶𝐶𝐶𝐶𝐶𝐶]𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑒𝑒𝑒𝑒 + [𝐶𝐶𝐶𝐶𝐶𝐶]𝑠𝑠𝑠𝑠𝑠𝑠

𝑒𝑒𝑒𝑒� 
(20), 

This equation can be simplified to: 

[𝐶𝐶𝐶𝐶2]𝑚𝑚𝑚𝑚 = [𝑆𝑆𝑂𝑂4]𝑒𝑒𝑒𝑒 − 0.5 [𝐶𝐶𝐶𝐶𝐶𝐶]𝑠𝑠𝑠𝑠𝑠𝑠
𝑒𝑒𝑒𝑒  (21). 

On multi-million year timescales, for a system under constant boundary conditions and a carbon cy-
cle in steady state, the long-term inorganic CO2 balance may depend only on the calcium produced 
by silicate weathering (Berner et al., 1983): 

[𝐶𝐶𝐶𝐶2]𝑙𝑙𝑙𝑙 = −0.5 [𝐶𝐶𝐶𝐶]𝑠𝑠𝑠𝑠𝑠𝑠
𝑒𝑒𝑒𝑒  (22). 

where [𝐶𝐶𝐶𝐶]𝑠𝑠𝑠𝑠𝑠𝑠
𝑒𝑒𝑒𝑒  is the equivalent calcium concentration from silicate weathering. 

Carbonate equilibria 

The saturation state of calcium carbonate in water (Ω𝑐𝑐𝑐𝑐𝑐𝑐) is defined as: 

Ω𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑎𝑎𝐶𝐶𝑎𝑎2+  𝑎𝑎𝐶𝐶𝑂𝑂32−

𝐾𝐾𝑆𝑆𝑆𝑆
 (23), 

where 𝐾𝐾𝑠𝑠𝑠𝑠 = is the equilibrium constant for the dissolution/precipitation reaction of calcium car-
bonate in water (Table 1). By definition, the second dissociation constant of carbonic acid (𝐾𝐾2):   

𝐾𝐾2 =
𝑎𝑎𝐻𝐻+  𝑎𝑎𝐶𝐶𝑂𝑂32−
𝑎𝑎𝐻𝐻𝐻𝐻𝑂𝑂3−

 (24). 

It follows that 

Ω𝑐𝑐𝑐𝑐𝑐𝑐 =
𝐾𝐾2
𝐾𝐾𝑠𝑠𝑝𝑝

𝑎𝑎𝐶𝐶𝑎𝑎2+  𝑎𝑎𝐻𝐻𝐻𝐻𝑂𝑂3−
𝑎𝑎𝐻𝐻+

 (25). 

In order to convert the measured concentrations into activities, we calculated the activity coeffi-
cients 𝛾𝛾𝑖𝑖 of for both calcium and bicarbonate using the Davies Equation (Davies, 1962): 

log10 𝛾𝛾𝑖𝑖 = −𝐴𝐴 𝜐𝜐𝑖𝑖2 �
√𝐼𝐼

1 + √𝐼𝐼
− 0.3 𝐼𝐼� 

(26), 

where 𝐴𝐴 = 1.82 × 106(𝜀𝜀𝜀𝜀)−
3
2  is an empirical constant, 𝑇𝑇 is the temperature, 𝜀𝜀 is the dielectric con-

stant and 𝐼𝐼 is the ionic strength of the solution given by: 

𝐼𝐼 =
1
2
�𝜐𝜐𝑖𝑖2[𝑖𝑖]
𝑖𝑖

 (27). 

We estimated the dielectric constant using an empirical fit to measurements of the dielectric con-
stant at atmospheric pressures and temperatures between 273.15°K and 373.15°K (Table 4 in Archer 
& Wang, 1990)  

𝜀𝜀 = 308.6464 𝑒𝑒(−0.00459717 𝑇𝑇) (28). 

The overall temperature dependence of the factor 𝐴𝐴 in equation 26 is small and 𝐴𝐴 ≈ 0.51. We also 
estimated the equilibrium constant for reaction 𝑗𝑗 at water temperature 𝑇𝑇 (𝐾𝐾𝑗𝑗,𝑇𝑇) using the van’t Hoff 
equation (van't Hoff, 1884):   

𝑙𝑙𝑙𝑙 �
𝐾𝐾𝑗𝑗,𝑇𝑇

𝐾𝐾𝑗𝑗,298
� = −

∆𝐻𝐻𝑗𝑗°

𝑅𝑅
�

1
𝑇𝑇
−

1
298.15

� 
(29), 
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where 𝐾𝐾𝑗𝑗,298 is the equilibrium constant of reaction 𝑗𝑗 at 298.15 K, ∆𝐻𝐻𝑗𝑗° is the standard enthalpy of re-
action 𝑗𝑗, and 𝑅𝑅 is the ideal gas constant. The saturation index for calcium carbonate in water 𝑆𝑆𝐼𝐼𝑐𝑐𝑐𝑐  at 
temperature  𝑇𝑇 is then 

𝑆𝑆𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐 = log10(Ω𝑐𝑐𝑐𝑐𝑐𝑐)
= log10�𝐾𝐾2,𝑇𝑇� − log10�𝐾𝐾𝑠𝑠𝑠𝑠,𝑇𝑇�
+ log10(𝛾𝛾𝐶𝐶𝑎𝑎2+[𝐶𝐶𝑎𝑎2+]) + log10�𝛾𝛾𝐻𝐻𝐻𝐻𝐻𝐻3−[𝐻𝐻𝐻𝐻𝐻𝐻3−]� + 𝑝𝑝𝑝𝑝 

(30). 

In addition to the saturation index, we estimated the pH at equilibrium (𝑝𝑝𝑝𝑝𝑒𝑒𝑒𝑒) using: 

𝑝𝑝𝑝𝑝𝑒𝑒𝑒𝑒 = log10�𝐾𝐾𝑠𝑠𝑠𝑠,𝑇𝑇� − log10�𝐾𝐾2,𝑇𝑇� − log10(𝛾𝛾𝐶𝐶𝑎𝑎2+[𝐶𝐶𝑎𝑎2+]) − log10�𝛾𝛾𝐻𝐻𝐻𝐻𝐻𝐻3−[𝐻𝐻𝐻𝐻𝐻𝐻3−]� (31). 

This 𝑝𝑝𝑝𝑝𝑒𝑒𝑒𝑒  represents the pH of a solution that is exactly saturated with respect to the measured so-
lutes. For all steps described above, uncertainties were propagated from the analytical uncertainties 
of measured concentrations. In these calculations, we only considered the contributions of solutes 
from weathering, cyclic sources, and the secondary carbonate lost to precipitation.  

Estimate of pH change due to addition of sulphuric acid 

We define 𝑝𝑝𝐻𝐻𝑆𝑆𝑂𝑂4  as the pH of a solution that results from the addition of sulphuric acid with concen-
tration, [𝑆𝑆𝑂𝑂42−], to a calcium carbonate-buffered solution with an initial pH noted as 𝑝𝑝𝐻𝐻0: From 
equation (25), we recall that for a calcium carbonate-buffered solution at equilibrium (i.e. at Ω𝑐𝑐𝑐𝑐𝑐𝑐= 1) 
we have: 

𝑎𝑎𝐻𝐻+,0 =
𝐾𝐾2
𝐾𝐾𝑠𝑠𝑠𝑠

𝑎𝑎𝐶𝐶𝑎𝑎2+,0 𝑎𝑎𝐻𝐻𝐻𝐻𝑂𝑂3−,0 (32), 

𝑎𝑎𝐻𝐻+,0 =
𝐾𝐾2
𝐾𝐾𝑠𝑠𝑠𝑠

𝛾𝛾𝐶𝐶𝑎𝑎2+,0[𝐶𝐶𝑎𝑎2+]0 𝛾𝛾𝐻𝐻𝐻𝐻𝐻𝐻3−,0[𝐻𝐻𝐻𝐻𝐻𝐻3−]0 (33), 

where the subscript 0 denotes the quantities before the addition of sulphuric acid. We further as-
sume that the following reaction of sulphuric acid with calcium carbonate dominates:  

2𝐶𝐶𝐶𝐶𝐶𝐶𝑂𝑂3 + 𝐻𝐻2𝑆𝑆𝑂𝑂4 ↔ 2𝐶𝐶𝑎𝑎2+ + 2𝐻𝐻𝐻𝐻𝑂𝑂3− + 𝑆𝑆𝑂𝑂42− (34). 

and that HCO3
- remains the dominant dissolved carbonate species (which is reasonable for the range 

of pH between 6-8). After addition of the acid, the new activity of protons at equilibrium with the 
acid is:  

𝑎𝑎𝐻𝐻+,𝑓𝑓 =
𝐾𝐾2
𝐾𝐾𝑠𝑠𝑠𝑠

𝛾𝛾𝐶𝐶𝑎𝑎2+,𝑓𝑓[𝐶𝐶𝑎𝑎2+]𝑓𝑓  𝛾𝛾𝐻𝐻𝐻𝐻𝐻𝐻3−,𝑓𝑓[𝐻𝐻𝐻𝐻𝐻𝐻3−]𝑓𝑓

=
𝐾𝐾2
𝐾𝐾𝑠𝑠𝑠𝑠

𝛾𝛾𝐶𝐶𝑎𝑎2+,𝑓𝑓([𝐶𝐶𝑎𝑎2+]0 + 2[𝑆𝑆𝑂𝑂42−]) 𝛾𝛾𝐻𝐻𝐻𝐻𝐻𝐻3−,𝑓𝑓([𝐻𝐻𝐻𝐻𝐻𝐻3−]0 + 2[𝑆𝑆𝑂𝑂42−]) 

(35). 

where the subscript 𝑓𝑓 denotes the final quantities after equilibration with the acid. Hence: 

𝑎𝑎𝐻𝐻+,𝑓𝑓 =
𝐾𝐾2
𝐾𝐾𝑠𝑠𝑠𝑠

𝛾𝛾𝐶𝐶𝑎𝑎2+,𝑓𝑓𝛾𝛾𝐻𝐻𝐻𝐻𝐻𝐻3−,𝑓𝑓([𝐶𝐶𝑎𝑎2+]0[𝐻𝐻𝐻𝐻𝐻𝐻3−]0 + 2[𝑆𝑆𝑂𝑂42−][𝐶𝐶𝑎𝑎2+]0 + 2[𝑆𝑆𝑂𝑂42−][𝐻𝐻𝐻𝐻𝐻𝐻3−]0

+ 4[𝑆𝑆𝑂𝑂42−]2)  

(36). 

Next, we link the initial concentration of calcium, [𝐶𝐶𝑎𝑎2+]0, and bicarbonate, [𝐻𝐻𝐻𝐻𝐻𝐻3−]0, to the initial 
pH, 𝑝𝑝𝑝𝑝0 (or initial activity of protons 𝑎𝑎𝐻𝐻+,0).  Let [𝐶𝐶𝐶𝐶]0 = [𝐶𝐶𝑎𝑎2+]0[𝐻𝐻𝐻𝐻𝐻𝐻3−]0. Rearranging equation 33 
we get: 

[𝐶𝐶𝐶𝐶]0 = [𝐶𝐶𝑎𝑎2+]0[𝐻𝐻𝐻𝐻𝐻𝐻3−]0 =
𝐾𝐾𝑠𝑠𝑠𝑠
𝐾𝐾2

𝑎𝑎𝐻𝐻+,0

𝛾𝛾𝐶𝐶𝑎𝑎2+,0𝛾𝛾𝐻𝐻𝐻𝐻𝐻𝐻3−,0
 

(37). 

Further, we posit that we can express the concentration of calcium before the addition of sulphuric 
acid as a function of the concentration of bicarbonate and vice versa: 
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[𝐶𝐶𝑎𝑎2+]0 =
𝑋𝑋𝐶𝐶𝐶𝐶,0

2
[𝐻𝐻𝐻𝐻𝐻𝐻3−]0 (38), 

and 

[𝐻𝐻𝐻𝐻𝐻𝐻3−]0 =
2

𝑋𝑋𝐶𝐶𝐶𝐶,0
[𝐶𝐶𝑎𝑎2+]0 (39), 

where 𝑋𝑋𝐶𝐶𝐶𝐶,0 is the fraction of the total cation charge that is represented by calcium: 

𝑋𝑋𝐶𝐶𝑎𝑎0 =
2[𝐶𝐶𝑎𝑎2+]0
∑ 𝜐𝜐𝑖𝑖[𝑖𝑖]𝑜𝑜

 
(40), 

with  
[𝐶𝐶𝑎𝑎2+]0 = [𝐶𝐶𝑎𝑎2+]𝑓𝑓 − 2[𝑆𝑆𝑂𝑂42−] (41), 

and 

�𝜐𝜐𝑖𝑖[𝑖𝑖]𝑜𝑜 = �𝜐𝜐𝑖𝑖[𝑖𝑖]𝑓𝑓 − 𝜐𝜐𝐶𝐶𝐶𝐶2[𝑆𝑆𝑂𝑂42−] (42). 

Equations 38 - 42 allow us to express the concentrations of calcium and bicarbonate by their total 
concentration [𝐶𝐶𝐶𝐶]0  

[𝐶𝐶𝑎𝑎2+]0 = �𝑋𝑋𝐶𝐶𝐶𝐶
2

[𝐶𝐶𝐶𝐶]0 
(43), 

and 

[𝐻𝐻𝐻𝐻𝐻𝐻3−]0 = �
2
𝑋𝑋𝐶𝐶𝐶𝐶

[𝐶𝐶𝐶𝐶]0 
(44). 

Now, the combination of equations 36, 43, and 44 yields: 

𝑎𝑎𝐻𝐻+,𝑓𝑓 =
𝐾𝐾2
𝐾𝐾𝑠𝑠𝑠𝑠

𝛾𝛾𝐶𝐶𝑎𝑎2+,𝑓𝑓𝛾𝛾𝐻𝐻𝐻𝐻𝐻𝐻3−,𝑓𝑓 �[𝐶𝐶𝐶𝐶]0 + 2[𝑆𝑆𝑂𝑂42−]�[𝐶𝐶𝐶𝐶]0 ��
𝑋𝑋𝐶𝐶𝐶𝐶,0

2
+

2
𝑋𝑋𝐶𝐶𝐶𝐶,0

� + 4[𝑆𝑆𝑂𝑂42−]2�  
(45), 

and the final pH after addition of sulphuric acid is: 
𝑝𝑝𝐻𝐻𝑆𝑆𝑂𝑂4 = − log�𝑎𝑎𝐻𝐻+,𝑓𝑓� (46). 

In our data analysis, we used equation 37 and an estimate of 𝑝𝑝𝐻𝐻0 = 8.47 to calculate [𝐶𝐶𝐶𝐶]0. Then, 
we calculated the pH change that is expected from 𝑝𝑝𝐻𝐻0 due to the addition of sulphuric acid. We dis-
carded 37 datapoints for which sulphate concentrations are larger than or within 10 µmol/L of the 
calcium concentrations ([𝐶𝐶𝑎𝑎2+]𝑓𝑓 − 2[𝑆𝑆𝑂𝑂42−] < 10 µ𝑚𝑚𝑜𝑜𝑙𝑙/𝐿𝐿). We define the initial pH, 𝑝𝑝𝐻𝐻0 = 8.47, as 
the unique value at which a regression through the data intersects the point 𝑝𝑝𝐻𝐻𝑆𝑆𝑂𝑂4 = 𝑝𝑝𝐻𝐻𝑒𝑒𝑒𝑒 = 𝑝𝑝𝐻𝐻0. 
This point represents the necessity that the subsurface pH before addition of sulphuric acid is equal 
to the initial pH. All uncertainties were propagated from the analytical uncertainties of measured 
concentrations.  

Description Reaction Equilibrium con-
stant at 298.15 °K 

Standard en-
thalpy (kJ mol-1) 

Dissolution of 𝐶𝐶𝑂𝑂2 in 
water (Henry’s constant) 

𝐶𝐶𝑂𝑂2(𝑔𝑔) ↔ 𝐶𝐶𝑂𝑂2(𝑎𝑎𝑎𝑎) 𝐾𝐾𝐻𝐻 = 10−1.468 ∆𝐻𝐻𝐻𝐻° = −19.98 

First dissociation of 𝐶𝐶𝑂𝑂2 
in water  

𝐶𝐶𝑂𝑂2(𝑎𝑎𝑎𝑎) + 2𝐻𝐻2𝑂𝑂 ↔ 𝐻𝐻𝐻𝐻𝑂𝑂3− + 𝐻𝐻3𝑂𝑂+ 𝐾𝐾1 = 10−6.352 ∆𝐻𝐻1° = 9.109 

Second dissociation of 
𝐶𝐶𝑂𝑂2 in water 𝐻𝐻𝐻𝐻𝑂𝑂3− + 𝐻𝐻2𝑂𝑂 ↔ 𝐶𝐶𝑂𝑂32− + 𝐻𝐻3𝑂𝑂+ 𝐾𝐾2 = 10−10.329 ∆𝐻𝐻2° = 14.90 

Dissolution/Precipitation 
of carbonate in water 𝐶𝐶𝐶𝐶𝐶𝐶𝑂𝑂3 ↔ 𝐶𝐶𝑎𝑎2+ + 𝐶𝐶𝑂𝑂32− 𝐾𝐾𝑠𝑠𝑠𝑠 = 10−8.480 ∆𝐻𝐻𝑠𝑠𝑠𝑠° = −9.612 

Extended Data Table 1. Reactions, equilibrium constants and standard enthalpies.  

All parameters are from Parkhurst and Appelo (1999)  
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Silicate Carbonate 
Global endmember compositions (Burke et al., 2018; Gaillardet et al., 1999)  

�
𝐶𝐶𝐶𝐶2+

𝑁𝑁𝑁𝑁+
�
𝑠𝑠𝑠𝑠𝑠𝑠

= 0.35 ± 0.25 �
𝐶𝐶𝐶𝐶2+

𝑁𝑁𝑁𝑁+
�
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

= 60 ± 30 

�
𝑀𝑀𝑀𝑀2+

𝑁𝑁𝑁𝑁+
�
𝑠𝑠𝑠𝑠𝑠𝑠

= 0.25 ± 0.20 �
𝑀𝑀𝑀𝑀2+

𝑁𝑁𝑁𝑁+
�
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

= 30 ± 15 

Local endmember compositions: Forward model 

�
𝐶𝐶𝐶𝐶2+

𝑁𝑁𝑁𝑁+
�
𝑠𝑠𝑠𝑠𝑠𝑠

= 0.10 ± 0.06 �
𝐶𝐶𝐶𝐶2+

𝑁𝑁𝑁𝑁+
�
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

= ∞ 

�
𝑀𝑀𝑀𝑀2+

𝑁𝑁𝑁𝑁+
�
𝑠𝑠𝑠𝑠𝑠𝑠

= 0.80 ± 0.59 �
𝑀𝑀𝑀𝑀2+

𝑁𝑁𝑁𝑁+
�
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

= ∞ 

Local endmember compositions: Inverse model 

�
𝑁𝑁𝑎𝑎+

𝐶𝐶𝑎𝑎2+
�
𝑠𝑠𝑠𝑠𝑠𝑠

= 10.9 ± 4.7 �
𝑁𝑁𝑎𝑎+

𝐶𝐶𝑎𝑎2+
�
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

= 0 ± 0 

�
𝑀𝑀𝑔𝑔2+

𝐶𝐶𝑎𝑎2+
�
𝑠𝑠𝑠𝑠𝑠𝑠

= 12.9 ± 5.5 �
𝑀𝑀𝑔𝑔2+

𝐶𝐶𝑎𝑎2+
�
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

= 0.05 + 0.24 − 0.05 

Seawater Hotsprings 

�
𝑁𝑁𝑎𝑎+

𝐶𝐶𝑎𝑎2+
�
𝑠𝑠𝑠𝑠

= 45.5 �
𝑁𝑁𝑎𝑎+

𝐶𝐶𝑎𝑎2+
�
ℎ𝑠𝑠

= 315 ± 150 

�
𝑀𝑀𝑔𝑔2+

𝐶𝐶𝑎𝑎2+
�
𝑠𝑠𝑠𝑠

= 5.1 �
𝑀𝑀𝑔𝑔2+

𝐶𝐶𝑎𝑎2+
�
ℎ𝑠𝑠

= 0.35 ± 0.16 

�
𝐶𝐶𝑙𝑙−

𝐶𝐶𝑎𝑎2+
�
𝑠𝑠𝑠𝑠

= 53 �
𝐶𝐶𝑙𝑙−

𝐶𝐶𝑎𝑎2+
�
ℎ𝑠𝑠

= 5.4 ± 2.4 

�
𝑆𝑆𝑂𝑂42−

𝐶𝐶𝑎𝑎2+
�
𝑠𝑠𝑠𝑠

= 11.0 �
𝑆𝑆𝑂𝑂42−

𝐶𝐶𝑎𝑎2+
�
ℎ𝑠𝑠

= 1.7 ± 0.8 

�
𝐾𝐾+

𝐶𝐶𝑎𝑎2+
�
𝑠𝑠𝑠𝑠

= 1.0 �
𝐾𝐾+

𝐶𝐶𝑎𝑎2+
�
ℎ𝑠𝑠

= 1.4 ± 0.6 

Table 2. Endmember compositions 

4. File description 
The data consists of a single Excel spreadsheet with 5 tabs. In addition, all data tables are provided as 
tab-delimited text version: 

• Tab 1 – Data-S1_Raw-water-chemistry (measurements) 
• Tab 2 – Data-S2_10Be-Erosion-Rates (compiled cosmogenic nuclide erosion rate data) 
• Tab 3 – Data-S3_Hotspring-Data (Public hotspring data from the study area) 
• Tab 4 – Data-S4_Suspended-sediment-data (from-Emberson et al, 2018) 
• Tab 5 – Data-S5_Derived-quantities 
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