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1 Supplementary tables

1.1 Covariance matrices for fits in Step 1

1.20391634 x 103 —5.11353090 x 10>  5.83413492 x 10! —1.41587358

= —5.11353090 x 102 2.21673624 x 102 —2.60550579 x 10! 6.59579812
D7 5.83413492 x 100 —2.60550579 x 10! 3.20983818 —8.80628638 x 1072

—1.41587358 6.59579812 —8.80628638 x 1072 2.98592668 x 10~3

4.09223066 x 10* —2.58508253 x 10! 3.67589589 —1.14692454 x 1071
) — —2.58508253 x 10! 1.65810318 x 10! —2.42196869 7.91296519 x 102
27 3.67589589 —2.42196869 3.77428062 x 1071 —1.38175276 x 1072
—1.14692454 x 101 7.91296519 x 1072 —1.38175276 x 1072  6.41341854 x 10~*
2.52838523 x 102 —7.74403145 x 10! 5.67477025 —6.97252538 x 1072
O — —7.74403145 x 101 2.46594265 x 10! —1.90081440 2.45539683 x 1072
3= 5.67477025 —1.90081440 1.59290388 x 10~!  —2.28508317 x 103

—6.97252538 x 1072 2.45539683 x 1072 —2.28508317 x 1072  4.61360590 x 10~°

1.2 Check values for implementation
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2 Supplementary figures
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Figure S1: The activity coefficients calculated with Pytzer for the most relevant temperature and salinity
ranges.

varying DIC (at 25C, salinity 35)
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Figure S2: The relative change in the activity coefficients when varying DIC.
varying Alkalinity (at 25C, salinity 35)
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Figure S3: The relative change in the activity coefficients when varying TA.
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Figure S4: Residuals (calculated - parameterised) in % for the total activity coefficients a) '71tv[g2+a b) Y&, ee

and c) fyéog_
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Figure S5: Molar volume V,,, plotted against Mg content. Measurements for synthetic samples are shown as
diamonds, biogenic samples as circles. The ideal line between calcite and magnesite is shown as a dashed line.
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Figure S6: Comparison of the two options to calculate the temperature dependence of log,, K against actual
measurements (Bertram et al., 1991).



SPNP EP STSP S
0 0 0
i /
10004 /) 1000 4 1000 4 1000 + ¢ 1000 +
{
i 5
E 2000 A ( E 2000 A E 2000 1 g 2000 1 E 2000 A
< ] e = = =
s i ° °c °a °
OJ O i 3 UJ
0 3000 § 0 3000 A 0 3000 A O 3000 A 0 3000 A
0 .
| {| —- aragonite
40004 [}/ ;| o caldte 4000+ /| 4000 1 4000 1 4000 -
—— van't Hoff s
_l : e ideal N
] —— calcite-like fi 5/
5000 +——— T T T 5000 — T T 5000 ++— T T 5000 — T T 5000 +-— T T
0.4 06 0.8 1.0 1.2 14 04 06 0.8 1.0 1.2 1.4 0.4 06 08 1.0 1.2 14 0.4 06 0.8 1.0 1.2 14 0.4 06 0.8 1.0 1.2 14
Saturation state Q Saturation state Q Saturation state Q Saturation state Q Saturation state Q
SPNA STNA EA STSA |
0 0 0 0 0
/
1000 - 1000 1000 1000 1000 1 ///
/
E 2000 g 2000 + g 2000 1 g 2000 1 E 2000 A
= = < < <
= S E=] = =
[} Q. 5 Q Q Q
] K [ Y S ] [ o
0 3000 - 0 3000 - % 0 3000 A 0O 3000 A 0O 3000 -
iff| "
4000 / 4000 - /i 4000 - 4000 - 4000
/ / : i/
5000 T T T 5000 ./ - T T 5000 T - T T 5000 —i— T T 5000 +——— T T
0.4 06 08 1.0 1.2 1.4 04 06 08 1.0 1.2 1.4 04 06 08 1.0 1.2 1.4 04 06 08 1.0 1.2 14 0.4 06 08 1.0 1.2 1.4
Saturation state Q Saturation state Q Saturation state Q Saturation state Q Saturation state Q

Figure S7: Saturation states with depth for the different implementations of temperature dependence of 14 Mg%
(Category 2) in ten ocean biomes, calculated from GLODAPv2.2023 data (Lauvset et al., 2024). The line and

envelope show the average saturation state in that ocean biome and its standard deviation. Biomes follow Fay
and McKinley (2014).
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Figure S8: Ichthyocarbonate (fish-produced Mg calcite) saturation states calculated in comparison with calcu-
lations from previous studies, using the measurement for K by Woosley et al. (2012). The line and envelope
show the average saturation state in that ocean biome and its standard deviation. Biomes follow Fay and
McKinley (2014).
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Figure S9: Ichthyocarbonate (fish-produced Mg calcite) saturation state at the Bermuda Atlantic Time Series
(BATS) location using the discrete bottle samples collected during the BATS Validation (BVAL) cruises from
April 1991 through July 2024 (Bates et al., 2025)
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Figure S10: Subplot (a) shows the combined dissolution rate measurements from three stations by Milliman
(1977) against depth. In (b) the saturation state for aragonite and all three solubility categories with z = 0.12
is plotted against depth (calcite-like temperature option) and (c) shows the measured dissolution rate against
the calculated (2.
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Figure S11: Subplot (a) shows the combined dissolution rate measurements from three stations by Milliman
(1977) against depth. In (b) the saturation state for aragonite and all three solubility categories with = = 0.12
is plotted against depth (van’t Hoff temperature option) and (c) shows the measured dissolution rate against
the calculated €.
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