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Rayleigh Distillation Model Description 
 

The model presented in the main text can be represented algebraically as follows. The Rayleigh distillation equation for 

the final aragonite precipitation step is written as: 

 D = (1 – fCa
α)/(1 – fCa)         (Eq. S-1) 

where D is the ‘apparent’ distribution coefficient of the biomineral relative to seawater, fCa is the fraction Ca utilised, 

and α is the open system inorganic distribution coefficient. To include an ACC precursor step, the equation must be 

modified to account for the dissolution-reprecipitation of ACC. This is principally because calcium is greatly 

concentrated in solid phases, which means that the delivery of minor amounts of ACC to the calcifying space could 

greatly increase the seawater [Ca2+] once it is dissolved (e.g. 1 mg of ACC dissolved in 1 ml of seawater would result 

in an approximately doubled [Ca2+]). To our knowledge, there are no constraints on the rate at which ACC is delivered 

to the calcifying space in organisms that utilise this pathway. As such, we modify Eq. S-1 to include the calcification 

site ACC/seawater ratio as an unknown, which allows the resulting apparent distribution coefficients in biogenic 

aragonite to be modelled as a function of both this ratio and the fraction Ca utilised in the subsequent calcite 

precipitation: 

D = (1 – fCa
α)/(1 – fCa) ∙ (X/CaECF)/(X/CaSW)      (Eq. S-2) 

where X/CaECF and X/CaSW are the molar trace element/Ca ratios at the calcification site and in seawater respectively. 

The element/Ca ratio of the calcification site can be calculated by determining the degree to which the trace element 

concentration is modified by ACC delivery, by multiplying the molar ACC element/Ca ratio by the amount of ACC 

delivered, and adding this to the existing concentration from seawater transport, by expanding as follows: 

D = (1 – fCa
α)/(1 – fCa) ∙ (([TESW]+rACC-sw ∙ DACC ∙ X/Casw)/[CaECF])/(X/CaSW)  (Eq. S-3) 
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where [TESW] is the trace element concentration in seawater, rACC-sw is the ratio of ACC/seawater in the calcifying 

space, DACC are the empirically derived ACC trace element distribution coefficients (derived from inorganic 

precipitation experiments), X/Casw is the molar trace element/Ca ratio in seawater, and [CaECF] is the calcification site 

[Ca2+]. Because we model this as a two-stage process, two Rayleigh distillation models must be produced, one for the 

aragonite precipitation step (Eq. S-1), and one for the ACC precipitation step. As such, DACC in Eq. S-3 modifies the 

ACC values given by Evans et al. (2020) as follows: 

 DACC = (1 – fCa
β)/(1 – fCa)        (Eq. S-4) 

where β are the empirical ACC distribution coefficients. We use fCa = 0 for the ACC precipitation step for simplicity in 

the absence of any information regarding its likely value, and note that this choice has no material impact on our results 

(see Fig. S-1). Combining Eqs. S-3 and S-4 gives predicted apparent distribution coefficients for biogenic aragonite in 

three-dimensional fCa-aragonite-fCa-ACC-rACC-sw space where fCa-aragonite and fCa-ACC are the fraction Ca utilisation during the 

aragonite and ACC precipitation step respectively. 

ACC dissolution is likely to take place only up to certain ACC/seawater (‘water/rock’) ratios because beyond a 

certain point, partial ACC dissolution will result in a calcification site oversaturated with respect to the remaining solid 

phase, which would then be stabilised. We do not know that solubility of biogenic ACC, but by analogy to inorganically 

precipitated ACC from seawater, seawater becomes oversaturated with respect to ACC at [Ca2+][CO3
2-] products of 

~100 mM2 (Evans et al., 2019). For this reason, we smoothly transition between complete ACC dissolution-

reprecipitation at (and below) ACC/seawater = 100 mg/ml (equivalent to an ECF [CO3
2-] approaching 10 mM) and 

complete solid state crystallisation, i.e., no cation exchange with the ECF, at ACC/seawater = 101 mg/ml. While this 

latter choice is arbitrary, the threshold for the point at which only solid state crystallisation occurs impacts our results 

only in expanding or shrinking the portion of the parameter space with ACC/seawater  >100 mg/ml. 

 
Data Sources Used to Perform the Calculations 
 

The data reported in the supplementary table and displayed in main text Fig. 4A,B can be found in the following 

references: (Allison and Finch, 2004, 2007; Allison et al., 2005; Brahmi et al., 2012; Case et al., 2010; Chen et al., 

2022; Cohen et al., 2001; Cuif and Dauphin, 1998; Fietzke and Wall, 2022; Gagnon et al., 2007; Jurikova et al., 2019; 

Meibom et al., 2004, 2006; Rollion-Bard and Blamart, 2015; Schleinkofer et al., 2019; Sinclair and Risk, 2006; Standish 

et al., 2024). 

The model described above uses inorganic aragonite trace element distribution coefficient data from the 

following references: (Castillo Alvarez et al., 2025; Füger et al., 2019; Gaetani and Cohen, 2006; Gvirtzman et al., 

1973; Holcomb et al., 2016; Okumura and Kitano, 1986; Raiswell and Brimblecombe, 1977). 

 
 
Model Code 
 

The model code (.mlx) is available for download from the online version of this article at 

https://doi.org/10.7185/geochemlet.2623. 

 
 
Supplementary Table 
 

Table S-1 A compilation of coral skeletal data used to compare to our model results. 

 

Table S-1 (.xlsx) is available for download from the online version of this article at 

https://doi.org/10.7185/geochemlet.2623. 
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Supplementary Figures 

Figure S-1 As main text Fig. 3, except assuming fCa = 0.5 rather than fCa = 0 during the ACC precipitation step. 

Figure S-2 As main text Fig. 3, except alternatively assuming that ACC undergoes complete dissolution-

reprecipitation at all ACC/seawater ratios (our preferred model discussed in the main text switches to solid state 

transformation above 100 mg/ml ACC/seawater). All trace element systems except Mn remain insensitive to ACC 

delivery up to substantial degrees of ACC transport (~100 mg/ml). 
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