
 30 

Appendix 4: Sensitivity analysis 

4.1. Model results including an evaporite end-member 

Model results when including an evaporite end-member show similar trends as our primary 

inversion model (Fig. S15). In this inversion the evaporite end member has Ca2+/Σ+ = 0.45±0.18, 

Mg2+/Σ+ = 0.09±0.06, Na+/Σ+ = 0.45±0.16, K+/Σ+=0±0, SO42-/Σ+ = 0.34±0.23, Cl-/Σ+ = 0.44±0.18. 

However, as in Torres et al. (2017), we force set the chemical composition of the evaporite end-

member to reflect a stoichiometry of CaSO4 and HCl. As a result, the values of SO42-/Σ+ and Cl-

/Σ+ are not pulled from the indicated distributions, but rather are set to equal the sum of Ca2+/Σ+ 

and Mg2+/Σ+ or Na+/Σ+, respectively. Rather than assigning values of ClCritical, the inversion 

apportions the Cl- budget between precipitation and the evaporite end-member. 

 

4.2. Model results including a hot spring end-member 

In this simulation (Fig. S16), the hot spring end member has Ca2+/Σ+ = 0.17±0.12, Mg2+/Σ+ = 

0.09±0.11, Na+/Σ+ = 0.69±0.25, K+/Σ+=0.06±0.03, SO42-/Σ+ = 0.06±0.02, Cl-/Σ+ = 0.02±0.04. 

Rather than assigning values of ClCritical, the inversion apportions the Cl- budget between 

precipitation and the spring end-member. Because the spring has very high Na+/Cl-, a small 

apportionment of the Cl- budget to springs explains a significant fraction of the Na+ budget. As a 

result, inclusion of a hot spring increases the fraction of carbonate weathering (R).  

 

4.3. Model results without [K+] or [Cl-] in the inversion 

Pre-collection acid washing is a potential source of Na+, K+, and Cl- contamination. While [Na+] 

exhibits a monsoon decline seen in prior data, [K+] and [Cl-] do not decline coherently with 

increases in discharge. We argue in the main text that this observation is a robust feature of the 
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data related to dynamics of glacial weathering (Anderson et al., 1997, 2000) or landslides 

(Emberson et al., 2017), but it is also possibly indicative of a procedural blank. When only [Ca2+], 

[Mg2+], [Na+], and [SO42-] are inverted without [K+] or [Cl-], we recover monsoon increases in the 

fraction of carbonate weathering consistent with prior studies (Fig. S17, Tipper et al., 2006).  

 

4.4. Forward model of carbonate and silicate contributions 

Prior research has used a forward-model to calculate the fractional contributions of carbonate and 

silicate rocks (Galy & France-Lanord, 1999). The outline of this calculation is to (1) remove [Cl-] 

from observations, (2) attribute a fraction of the remaining [Ca2+] and [Mg2+] to silicate weathering 

and the residual to carbonate weathering, and (3) calculate the flux of carbonate and silicate 

alkalinity. Below we show that the results of this calculation are extremely similar to those of our 

full inversion model (Fig. S18). 

 

(1) Assume all Cl- derives from seawater (eq. S1), either through weathering of evaporites or direct 

input through precipitation. For this correction we use the seawater chemistry of Sarmiento & 

Gruber (2006). In eq. S1, the variable Z stands for any dissolved ion concentration, and 

concentrations corrected for Cl- are indicated with a superscripted *. 

 

[𝑍!]∗#!$ = [𝑍!]#!$ − [𝐶𝑙%]#!$ (
['!]"#$%$&#'
[)*(]"#$%$&#'

)                            (eq. S1) 

 

(2) Assume all remaining Na+ and K+ derive from silicate weathering (eqs. S2, S3). For Ca2+ and 

Mg2+, scale by the Ca2+/Na+ (𝑋)+)*/-+*
.*/0 ) and Mg2+/K+ ratios (𝑋12)*/3*

.*/0 ) of silicate rocks (eqs. S4-

S7). We take 𝑋)+)*/-+*
.*/0 =0.2±0.1 and 𝑋12)*/3*

.*/0 =0.5±0.2 (Galy & France-Lanord, 1999).  
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[𝑁𝑎].!*!/+04 = [𝑁𝑎]∗                       (eq. S2) 

[𝐾].!*!/+04 = [𝐾]∗                                  (eq. S3) 

[𝐶𝑎].!*!*/+04 = [𝑁𝑎]∗ ∗ 𝑋)+)*/-+*
.*/0                        (eq. S4) 

[𝑀𝑔].!*!/+04 = [𝐾]∗ ∗ 𝑋12)*/3*
.*/0                   (eq. S5) 

[𝐶𝑎]/+#567+04 = [𝐶𝑎]∗ − [𝐶𝑎].!*!/+04                     (eq. S6) 

[𝑀𝑔]/+#567+04 = [𝑀𝑔]∗ − [𝑀𝑔].!*!/+04                   (eq. S7) 

 

(3) Calculate R as the fraction of Cl-corrected cations derived from carbonate weathering (eq. S8). 

Calculate Z by assuming that 100% of [SO42-]* is sourced from FeS2 oxidation (eq. S9). 

 

𝑅 =
	9:)+)*;+$',-.$&#<9:12

)*;+$',-.$&#	

9[)+)*]∗<9[12)*]∗<[-+*]∗<[3*]∗
	                    (eq. S8) 

𝑍 = 9:=>0)(	;
∗

9[)+)*]∗<9[12)*]∗<[-+*]∗<[3*]∗
	                   (eq. S9) 
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Fig. S15: Fraction of weathering acid from FeS2 oxidation (Z) against the fraction of cations from 
carbonate weathering (R) when the inversion includes an evaporite, color-coded by either (a) site 
of sample collection or (b) month of sample collection. (c, d) R and Z against sample location. (e, 
f) Timeseries of R and Z. 
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Fig. S16: Fraction of weathering acid from FeS2 oxidation (Z) against the fraction of cations from 
carbonate weathering (R) when the inversion includes a hot spring, color-coded by either (a) site 
of sample collection or (b) month of sample collection. (c, d) R and Z against sample location. (e, 
f) Timeseries of R and Z.  
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d
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Fig. S17: Fraction of weathering acid from FeS2 oxidation (Z) against the fraction of cations from 
carbonate weathering (R) when the inversion does not include K+ or Cl-, color-coded by either (a) 
site of sample collection or (b) month of sample collection. Note the extreme range of successful 
simulation results. (c, d) R and Z against sample location. (e, f) Timeseries of R and Z. These 
results show a monsoon increase in R consistent with prior studies (Tipper et al., 2006). 
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Fig. S18: Fraction of weathering acid from FeS2 oxidation (Z) against the fraction of cations from 
carbonate weathering (R) calculated using a forward model, color-coded by either (a) site of 
sample collection or (b) month of sample collection. (c) R against sample location and (d) Z against 
sampling location. (e, f) Timeseries of R and Z. Results are very similar to those reached using the 
full inversion model discussed in the text (Fig. 9).  
 
 
 

a b

c d

e f
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