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Full RADI equations  

Below we detail Eq. (5) from the main text for readers interested in seeing its complete 

version. For solutes, 

v(t+dt),z = vt,z + [𝑅(vt,z) + − (𝑢𝑧 −
𝑑𝑧(𝑣)

𝜑
𝑧

∙
d𝜑

𝑧
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2dz
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and for solids, 

v(t+dt),z = vt,z + [𝑅(vt,z) + − (wz −
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dz
−
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φ
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Using TAlk and ΣCO2 as solute variables, rather than their individual components 

Transport-reaction modelling of the carbonate system is challenging, and trade-offs must be 

made (e.g., Boudreau, 1997; Hoffmann et al., 2008). Modelling the carbonate system in the 

water column normally involves transport of total alkalinity and total dissolved inorganic 

carbon because these model variables are conservative (Humphreys et al., 2018), and both are 

transported with the water (i.e., differences in molecular diffusion among the species 

involved do not matter in advection dominated systems). In non-permeable sediments, 

molecular diffusion dominates transport and species diffuse according to their own gradient 

(e.g., the gradient of carbon dioxide may differ from that of the carbonate ion). Moreover, 

species may have different diffusion coefficients. Consequently, a more accurate way to 

represent the carbonate system in non-permeable sediments is to have transport-reaction 

equations for all species involved (e.g., protons, bicarbonate, carbonate, carbon dioxide). The 

most accurate way would be to include also changes in complex formation and 

electroneutrality constraints (Boudreau et al., 2004). 

However, this gain in model accuracy comes at the expense of model complexity and 

computational demand, while the uncertainty due to lumping carbonic acid, bicarbonate and 

carbonate transport is usually less than other uncertainties related to thermodynamic 

constants needed in the calculation and tortuosity corrections for diffusion coefficients. Most 

of the uncertainty surrounding CaCO3 saturation state estimates stems from the large 

uncertainty within the CaCO3 equilibrium constants rather than that associated with carbonate 

ion (Orr et al., 2018; Sulpis et al., 2020); this uncertainty is independent of the transport 

modelling approach used.  

HCO3
- is the dominant dissolved inorganic carbon species at pH values typical of porewaters, 

see Fig. S2. In Fig. S2, we show what the diffusion of DIC would be if it was computed as a 

weighted arithmetic average of the diffusion coefficients of each of the DIC components. At 

pH ~7, the ‘true’ DIC diffusion coefficient (the weighted arithmetic average) is about 4% 

higher than the diffusion coefficient of HCO3
- alone. That gap becomes negligible at higher 

pH. Thus, using the HCO3
- diffusion coefficient as a surrogate for that of TAlk and DIC, as it 

has been done by other, similar models, such as that of Kanzaki et al. (2021), should be 

acceptable if the pH is not too low. 
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Table S1. Environmental conditions, bottom-water and sediment properties for the 

North-western Atlantic Ocean station.  

 

Variable Value Source 
Station ID Station #9 Hales et al. (1994) 

Location North Atlantic Hales et al. (1994) 

Coordinates 34.33N / 70.35W Hales et al. (1994) 

Depth 5210 m Hales et al. (1994) 

Temperature 2.2 °C Hales et al. (1994) 

Salinity 34.9 Hales et al. (1994) 

DBL thickness 938 μm Sulpis et al. (2018) 

Solid fluxes to the seafloor (mol m-2 a-1) 

POC flux (FPOC) 
0.18  

(6.0 g POM m2 a-1) 
Hales et al. (1994) 

Fast-decay POC 0.70 x FPOC Assumed 

Slow-decay POC 0.27 x FPOC Assumed 

Refractory POC 0.03 x FPOC Assumed 

CaCO3 flux (FCaCO3) 
0.20  

(20.02 g CaCO3 m
-2 a-1) 

Hales et al. (1994) 

Calcite FCaCO3 Assumed 

Aragonite 0 Assumed 

MnO2 flux (FMnO2) 0.0005 Assumed 

Fe(OH)3 flux (FFe(OH)3) 0.0005 Assumed 

FeS flux (FFeS) 0 Boudreau (1996) 

Sediment surface properties 

Surface [CaCO3] 27 dry wt % Hales et al. (1994) 

Surface [POC]  0.31 dry wt % Hales et al. (1994) 

Clay flux 26 g m-2 a-1 Assumed 

Surface porosity 0.91 Assumed 

Porosity at depth 0.74 Assumed 

Bottom-water chemistry 

TAlk 2342 μmol kg-1 Hales et al. (1994) 

ΣCO2 2186 μmol kg-1 Hales et al. (1994) 

[O2] 266.6 μmol kg-1 Hales et al. (1994) 

[ΣNO3] 20.0668 μmol kg-1 GLODAPv2 (Lauvset et al., 2016) 

[ΣSO4] 29.180 mmol kg-1 Computed from S (Millero, 2013) 

[ΣPO4] 1.3561 μmol kg-1 GLODAPv2 (Lauvset et al., 2016) 

[ΣNH4] 0 Assumed 

[ΣH2S] 0 Assumed 

[Mn2+] 0.5 nmol kg-1 Typical deep-sea value (Morton et al., 2019) 

[Fe2+] 0.5 nmol kg-1 Typical deep-sea value (Abadie et al., 2017) 

[Ca2+] 10.255 mmol kg-1 Computed from S (Riley and Tongudai, 1967) 

[CO3
2-]SW (μmol kg-1) 102.6 μmol kg-1 Computed (RADI) 

[CO3
2-]eq Calcite (μmol kg-1) 117.6 μmol kg-1 Computed (RADI) 

[CO3
2-]eq Arag. (μmol kg-1) 175.5 μmol kg-1 Computed (RADI) 

Ωca 0.88 Computed (RADI) 

Ωar 0.59 Computed (RADI) 
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Table S2. Environmental conditions, bottom-water and sediment properties for the 

Southern Pacific station. 

Variable Value Source 
Station ID Station #7.3 Sayles et al. (2001) 

Location Southern Pacific Sayles et al. (2001) 

Coordinates 60.15S / 170.11W Sayles et al. (2001) 

Depth 3860 m Sayles et al. (2001) 

Temperature 0.84 °C Sayles et al. (2001) 

Salinity 34.696 Sayles et al. (2001) 

DBL thickness 715 μm Sulpis et al. (2018) 

Solid fluxes to the seafloor (mol m-2 a-1) 

POC flux (FPOC) 
0.138  

(4.6 g POM m2 a-1) 
Assumed 

Fast-decay POC 0.70 x FPOC Assumed 

Slow-decay POC 0.27 x FPOC Assumed 

Refractory POC 0.03 x FPOC Assumed 

CaCO3 flux (FCaCO3) 
0.25  

(25.02 g CaCO3 m
-2 a-1) 

Assumed 

Calcite FCaCO3 Assumed 

Aragonite 0 Assumed 

MnO2 flux (FMnO2) 0.0005 Assumed 

Fe(OH)3 flux (FFe(OH)3) 0.0005 Assumed 

FeS flux (FFeS) 0 Boudreau (1996) 

Sediment surface properties 

Surface [CaCO3] 37.7 dry wt % Sayles et al. (2001) 

Surface [POC]  0.37 dry wt % Sayles et al. (2001) 

Clay flux 32 g m-2 a-1 Sayles et al. (2001), November – February average 

Surface porosity 0.91 Sayles et al. (2001) 

Porosity at depth 0.87 Assumed 

Bottom-water chemistry 

TAlk 2365 μmol kg-1 GLODAPv2 (Lauvset et al., 2016) 

ΣCO2 2260 μmol kg-1 GLODAPv2 (Lauvset et al., 2016) 

[O2] 215.7 μmol kg-1 GLODAPv2 (Lauvset et al., 2016) 

[ΣNO3] 32.2416 μmol kg-1 GLODAPv2 (Lauvset et al., 2016) 

[ΣSO4] 29.010 mmol kg-1 Computed from S (Millero, 2013) 

[ΣPO4] 2.2428 μmol kg-1 GLODAPv2 (Lauvset et al., 2016) 

[ΣNH4] 0 Assumed 

[ΣH2S] 0 Assumed 

[Mn2+] 0.5 nmol kg-1 Typical deep-sea value (Morton et al., 2019) 

[Fe2+] 0.5 nmol kg-1 Typical deep-sea value (Abadie et al., 2017) 

[Ca2+] 10.196 mmol kg-1 Computed from S (Riley and Tongudai, 1967) 

[CO3
2-]SW (μmol kg-1) 77.5 μmol kg-1 Computed (RADI) 

[CO3
2-]eq Calcite (μmol kg-1) 91.7 μmol kg-1 Computed (RADI) 

[CO3
2-]eq Arag. (μmol kg-1) 138.9 μmol kg-1 Computed (RADI) 

Ωca 0.85 Computed (RADI) 

Ωar 0.56 Computed (RADI) 
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Table S3. Environmental conditions, bottom-water and sediment properties for the 

Central Equatorial Pacific station.  

 

Variable Value Source 
Station ID Station #W-2 Berelson et al. (1994) / Hammond et al. (1996) 

Location Equatorial Pacific Berelson et al. (1994) / Hammond et al. (1996) 

Coordinates 0.0N / 139.9W Berelson et al. (1994) / Hammond et al. (1996) 

Depth 4370 m Berelson et al. (1994) / Hammond et al. (1996) 

Temperature 1.4 °C GLODAPv2 (Lauvset et al., 2016) 

Salinity 34.69 GLODAPv2 (Lauvset et al., 2016) 

DBL thickness 1 mm Assumed 

Solid fluxes to the seafloor (mol m-2 a-1) 

POC flux (FPOC) 
0.20  

(6.6 g POM m2 a-1) 
Assumed 

Fast-decay POC 0.70 x FPOC Assumed 

Slow-decay POC 0.27 x FPOC Assumed 

Refractory POC 0.03 x FPOC Assumed 

CaCO3 flux (FCaCO3) 
0.22  

(22.02 g CaCO3 m
-2 a-1) 

Assumed 

Calcite FCaCO3 Assumed 

Aragonite 0 Assumed 

MnO2 flux (FMnO2) 0.0005 Assumed 

Fe(OH)3 flux (FFe(OH)3) 0.0005 Assumed 

FeS flux (FFeS) 0 Boudreau (1996) 

Sediment surface properties 

Surface [CaCO3] 76.1 dry wt % Hammond et al (1996) Table 1 

Surface [POC]  0.24 dry wt % Hammond et al (1996) Table 1 

Clay flux 2 g m-2 a-1 Hammond et al (1996) 

Surface porosity 0.85 Hammond et al (1996) 

Porosity at depth 0.74 (4cm) Berelson et al. (1994) 

Bottom-water chemistry 

TAlk 2426.0 μmol kg-1 GLODAPv2 (Lauvset et al., 2016) 

ΣCO2 2324.3 μmol kg-1 GLODAPv2 (Lauvset et al., 2016) 

[O2] 159.7 μmol kg-1 GLODAPv2 (Lauvset et al., 2016) 

[ΣNO3] 36.93 μmol kg-1 GLODAPv2 (Lauvset et al., 2016) 

[ΣSO4] 29.005 mmol kg-1 Computed from S (Millero, 2013) 

[ΣPO4] 2.39 μmol kg-1 GLODAPv2 (Lauvset et al., 2016) 

[ΣNH4] 0 Assumed 

[ΣH2S] 0 Assumed 

[Mn2+] 0.5 nmol kg-1 Typical deep-sea value (Morton et al., 2019) 

[Fe2+] 0.5 nmol kg-1 Typical deep-sea value (Abadie et al., 2017) 

[Ca2+] 10.193 mmol kg-1 Computed from S (Riley and Tongudai, 1967) 

[CO3
2-]SW (μmol kg-1) 77.9 μmol kg-1 Computed (RADI) 

[CO3
2-]eq Calcite (μmol kg-1) 100.0 μmol kg-1 Computed (RADI) 

[CO3
2-]eq Arag. (μmol kg-1) 150.7 μmol kg-1 Computed (RADI) 

Ωca 0.78 Computed (RADI) 

Ωar 0.52 Computed (RADI) 
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Figure S1. Comparison of predicted calcite and CO3
2- concentration profiles using the 

calcite dissolution kinetics implemented in RADIv1 (left) and using the rate constants from 

the original publication (Naviaux et al., 2019a) coupled with the surface area of foraminifera 

(400 m2 mol-1, from Subhas et al., 2018). The dashed line represents results from the MUDS 

model.  

 

 

 

Figure S2. (left) Relative proportion of each of the three species constituting ΣCO2 as a 

function of seawater pH, expressed on the total scale. (right) Diffusion coefficients of each of 

the three species constituting ΣCO2, as well as of ΣCO2 itself when computed as an weighted 

arithmetic average of the diffusion coefficients of each of its constituting species, as a 

function of seawater pH expressed on the total scale. 
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Figure S3. Porewater [O2], ΣCO2 and TAlk depth profiles as a function of time following an 

instantaneous change in the diffusive boundary layer thickness (δ). 
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