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Section S1. Derivation of Equation 5 8 

Consider a single spherical particle with a mass mp, volume Vp, diameter dp and density ρp. The 9 

change of mp in time (due to dissolution) can be related to the change of dp: 10 
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However, the dissolution process with a specific surface dissolution rate Rd means 13 
𝑑𝑚𝑝

𝑑𝑡
= 𝜋𝑑𝑝

2𝑅𝑑𝑀𝑝         (S2) 14 

where Mp is the molecular weight of the mineral. Combining Equations S1 and S2 gives: 15 
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On the other hand, the particle surface area per unit bed volume, as, relates to dp by: 18 
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where 𝜖 is the bed porosity and remains approximately constant (~0.39) for the range of particle size 20 

and bed diameter considered in this work. The range of change in 𝑎𝑠due to dissolution, 𝑅𝑎 can thus be 21 

derived by time-differentiating the right-hand-side of equation S4: 22 
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Substituting Equation S3 into S5 yields Equation 5 in the main text: 24 

𝑅𝑎 = −12(1 − 𝜖)𝜌𝑝
−1𝑑𝑝

−2𝑀𝑝𝑅𝑑        25 

 26 

Section S2. Additional data for modelling forsterite dissolution kinetics 27 

The activity of species i in the liquid phase is calculated by: 28 

 𝑎𝑖 = 𝛾𝑖 𝑐𝑖 (S6) 

where γi is the activity coefficient of species i and ci is the aqueous concentration (M) of species i. 29 

Activity coefficients for all species except H+ are calculated using the Truesdell-Jones equation [1]:  30 
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where A and B are general constants found from aqion hydrochemistry software [1], ai
0 and bi are 31 

species specific constants found from WATEQ4F thermodynamic database [2], zi is the charge of 32 
species i and I is the ionic charge of the solution (M) found from equation S8: 33 
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The activity coefficient of H+ is found according to the extended Debye-Hückel equation [1] (equation 34 
S9), following the convention used in WATEQ4F: 35 
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The parameters are from the same source stated above. 36 

Table S1: Parameters for forsterite dissolution kinetics and equilibrium 37 

parameter value source 

A1 83800 [mol/m^2/s] [3] 

E1 6.72E+04 [J/mol] 

n 0.47 

A2 1.58E+03 [mol/m^2/s] 

E2 7.90E+04 [J/mol] 

A -1098.376618 [4] 

B -0.153857 

C 73215.029991 

D 391.599004 

E -3706160.894881 
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