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Evaluation of potential systematic errors associated with the chosen reference frame

The calculated vital effects slope values are sensitive to the reference frame used, and only the correct reference frame
will provide accurate empirical triple oxygen isotope slope values for the vital effects. This is not problematic for the
concept of “seeing through the vital effects” but may affect the interpretation with respect to the underlying process (i.e.,
the second part of the discussion: “looking at the vital effect”). The 8coral Values presented in the main text are obtained
using the theoretical Guo and Zhou (2019) aragonite equilibrium calibration. There are several published equilibrium
lines, and because there is no consensus on which one is the most accurate, our choice is arbitrary.

The mean Ocral Value obtained using the Hayles et al. (2018) equilibrium aragonite calibrations is 0.530 £ 0.001 (within
a range of 0.528 to 0.532), within error identical to the value derived using the Guo and Zhou (2019) calibrations of
0.529 + 0.001 (within a range of 0.527 to 0.531). Both of these equilibrium curves are based on theory; thus, it is not
surprising that they give similar results. Using the empirical aragonite o'®-T relationship of Kim et al. (2007) in
combination with the empirical equilibrium 6-T calibration of Wostbrock et al. (2020) gives 0.531 + 0.007 (within a
range of 0.525 to 0.560), which is identical to the previous two 6c.ral €Stimates. However, because superimposed kinetic
effects on the natural aragonite samples cannot be excluded, we prefer using a theoretical calibration.

Regardless of the reference frame, the 6c.ra Values are close to the CO, absorption slope (ca. 0.532; see Figure S-7),

indicating that CO. absorption is the dominating kinetic process. Only the degree of diffusion depends on which
reference frame is the most accurate.
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Supplementary Tables

Table S-1 Overview of the growth parameters of the coral samples in this study. Database values are interpolated from the gridded dataset of Breitkreuz et al. (2018). cwc =
cold-water coral, wwc = warm-water coral. In brackets next to the sample names are the Sample IDs used in Davies et al. (2022). Sample JCBO03 is from Passey et al. (2014).

Sample name |Type|Species Latitude|Longitude Depth|Measured T |Measured %0y, |Database T |Database 8Os, |Reference
(m) |(°C) (%0 VSMOW) (°C) (%0 VSMOW)

SK-01 (LP04) cwc  |Desmophyllum pertusum |70.26733 |22.45617 |250 |5.9 0.18 3.15(x1.01) 0.44(x0.44) (Raddatz et al.. 2013)
SK-02 (LP03) cwc |Desmophyllum pertusum [23.83535 |-89 558 0.17 7.40(x1.00) 0.32(x0.32)
SK-05 (LP-SM-U) |cwc |Desmophyllum pertusum |-9.82287 [12.77382 |374 10.17(x1.00) |0.26(x0.26)
SK-06 (LP02) cwc |Desmophyllum pertusum [51.449 |-11.7527 |881 |9 0.4 8.92(x1.00) 0.51(0.51) (Raddatz et al.. 2013)
SK-07 cwc  |Desmophyllum pertusum |53.51517 |-14.3527  |696 9.02(%1.00) 0.49(0.49)
SK-08 (MOO01) |cwc |Madrepora oculata 41.28981 (17.27812 |573 |13.5 1.16 15.14(+1.00) |1.61(x1.61) (Schleinkofer et al., 2019)
SK-09 (DDO01) cwc  |Desmophyllum dianthus  41.28981 |17.27812 |573  |13.5 1.16 15.14(+1.00) [1.61(+1.61)
SK-12 (SV01) cwc |Solenosmilia variabilis  |-42.727 |179.897 1100 4.95(+1.00) -0.06(x-0.06)
SK-A4 wwc |Acropora cervicornis 16.95725 |-88.0436 |6 1.2 27.24(x1.31) ]0.95(x0.95) (Gischler and Storz, 2009)
SK-A6 wwc |Acropora sp. 4.268056 (72.93528 |1 29.3 0.52 28.11(x1.14) ]0.57(x0.57) (Storz et al., 2013)
SK-DS3 wwc |Pseudodiploria strigosa |16.95725 |-88.0436 |6 1.2 27.24(x1.31) ]0.95(+0.95) (Gischler and Storz, 2009)
SK-GeoB cwc |Desmophyllum pertusum [34.99967 |-7.07517 |738 10.3 0.47 11.16(x1.00) |0.93(0.93)
SK-LostCity cwc |Desmophyllum pertusum |30.12461 |-42.1194  [806.06 {10.02 0.6 9.98(£1.00) 0.54(x0.54) (Frih-Green et al., 2017)
SK-PL7 wwc |Porites lutea 28.81648 |48.77541 |1 26 25.84(£3.51) |1.04(x1.04) (Gischler et al., 2005)
SK-Q43 wwec |Porites lutea 28.81648 |48.77541 |1 26 25.84(£3.51) |1.04(x1.04) (Gischler et al., 2005)
SK-SA5 wwc |Siderastrea siderea 17.38778 |-87.9398 |1 1.2 27.29(£1.42) |0.96(+0.96) (Gischler and Storz, 2009)
SK-SVv42 cwc [Solenosmilia variabilis  |-44.498 |-174.817 |1386 3.8 3.02(x1.00) -0.09(%-0.09) (Endress et al.. 2022)
JCBO3 wwec |Porites porites 24.83 -76.33 1 26 26.09(£2.21) |0.90(+0.90) (Passey et al., 2014)
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Table S-2 Contains the results of the carbonate triple oxygen isotope analyses on a replicate level is available for download (.xIsx) from the online version of this article at
http://doi.org/10.7185/geochemlet.2430

Table S-3 Contains the averaged results of the triple oxygen isotope analyses for each sample, including both the CO; and the acid-fractionation-corrected isotope values. This
table also includes the measured and the database-derived seawater parameters, the vital effect slopes (0cora), and the vital effect-corrected temperatures (Ta170), and respective
uncertainties. A subset of this table is displayed below, showing acid fractionation-corrected isotope values. Data for sample JCBO03 is based on Table 3 in Passey et al. (2014).
A complete version of Table S-3 showing all columns is available for download (.xIsx) from the online version of this article at http://doi.org/10.7185/geochemlet.2430

Sample name Type |Species Replicates 8180 +1S.D. 80 A0 +1 S.D. A’YO Ocoral
(%0 VSMOW) | (%0 VSMOW) (ppm) (ppm)
SK-01 (LP04) CcWC Desmophyllum pertusum 4 30.58 0.04 -102 5 0.527
SK-02 (LP03) cwc | Desmophyllum pertusum 2 29.88 0.11 -109 1 0.529
SK-05 (LP-SM-U) cwc | Desmophyllum pertusum 5 30.81 0.07 -106 7 0.530
SK-06 (LP02) CcWC Desmophyllum pertusum 2 32.72 0.02 -109 4 0.531
SK-07 cwc | Desmophyllum pertusum 3 30.68 0.11 -108 2 0.530
SK-08 (MOO01) cWC Madrepora oculata 2 30.36 0.00 -103 9 0.530
SK-09 (DDO01) cwc | Desmophyllum dianthus 4 30.61 0.17 -93 5 0.528
SK-12 (SV01) cwc | Solenosmilia variabilis 2 31.61 0.06 -108 3 0.529
SK-A4 wwc | Acropora cervicornis 5 26.93 0.16 -84 9 0.528
SK-A6 wwc | Acropora sp. 6 27.50 0.13 -88 4 0.530
SK-DS3 wwc | Pseudodiploria strigosa 5 26.38 0.06 -89 8 0.529
SK-GeoB cwc | Desmophyllum pertusum 4 32.23 0.13 -109 10 0.531
SK-LostCity cwc | Desmophyllum pertusum 4 33.20 0.11 -100 4 0.529
SK-PL7 wwc | Porites lutea 7 27.63 0.16 -91 5 0.530
SK-Q43 wwc | Porites lutea 7 27.30 0.11 -85 8 0.528
SK-SA5 wwc | Siderastrea siderea 4 26.81 0.15 -91 4 0.530
SK-SV42 cwc | Solenosmilia variabilis 4 32.70 0.10 -117 5 0.531
JCB03 wwc | Porites porites 3 28.62 0.60 -92 13 0.530
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Tables S-1 to S-3 as CSV files, as well as the Python codes used to create the manuscript figures, are deposited at GitHub (https://github.com/davidbajnai/coral-triple-0) and
Zenodo (https://doi.org/10.5281/zen0d0.11277153).
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Supplementary Figures
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Figure S-1 Comparison of the seawater parameters measured in-situ and retrieved from the gridded database of
Breitkreuz et al. (2018). (a) Seawater 520 values. (b) Seawater temperatures. The displayed values indicate the
difference between the measured and database values.
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Measurement period: 2022-11-19 to 2022-12-25
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Figure S-2 (a, b, ¢) Unscaled A’*’O values from the three measurement periods.
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Figure S-3 (a) All replicate measurements from the three measurement periods. (b) The replicate measurements

averaged.
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Figure S-4 CO; absorption simulations for (a) triple oxygen isotopes and (b) clumped isotopes. The simulations were
made using the IsoDIC model (Guo, 2020). Imitating the internal calcification environment of the cold- and warm-
water corals (Bajnai et al., 2020; Davies et al., 2022), the modelled calcification environment consisted of an aqueous
solution ([DIC] =2 mM, 8%*Cpic = 0, and pH = 8.8 for cold-water corals and pH = 8.5 for warm-water corals), which
was exposed to a CO,-containing atmosphere (pCO, = 1100 ppm and 8*3Ccoz = -15%o). The temperature of the
modelled calcification environment corresponded to the mean growth temperatures of the cold- and warm-water
corals, i.e., 9 °C and 27 °C, respectively. The initial oxygen isotope compositions of both the DIC and CO, were
assumed to be in isotopic equilibrium with the water (8*80w20 = 0%0 VSMOW) at the respective temperatures. The
arrowheads show the t = 900 s of the model simulations. The lighter-coloured dashed lines show the effect of a change
in the pH (i.e., from 8.8 to 8.5 for the cold-water corals and from 8.5 to 8.8 for the warm-water corals).
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Figure S-5 This figure illustrates that there is no resolvable difference in 6cora aMmong species or between cold-water
and warm-water corals. The blue and red horizontal lines represent the average values for cold-water and warm-water
corals, respectively. The shaded areas indicate the range of +1 standard deviation for the respective 6coral Values. When
rounding the 6cral Values to three decimal places, as done for the temperature calculations, the mean 6coral Values for
both cold-water and warm-water corals will become identical. Sample JCBO03 is from Passey et al. (2014).

Geochem. Persp. Let. (2024) 31, 38-43 | https://doi.org/10.7185/geochemlet.2430 SI-9



https://doi.org/10.7185/geochemlet.2430

Geochemical Perspectives Letters — Supplementary Information

0 -
204 X
- ambient .
seawater
—40 - carbonate equilibrium
£ -60
&
2
<
—80 -
—100 -
—120 ~
T T T T T T T T T
0 5 10 15 20 25 30 35 40

6180 (%o, VSMOW)

Figure S-6 This figure illustrates the full error propagation on the vital effect-corrected temperature estimates (Ta»170).
The red dot shows the maximum temperature estimate, calculated using the lowest seawater A’*’O and the highest
seawater 580 estimates (red cross), as well as the highest carbonate A’*0, and the lowest carbonate §*30 values. The
blue dot represents the minimum temperature estimate (values vice versa). The average Ta 170 uncertainty derived after
full error propagation is £10 °C. However, in the main text, we argue that the +6 ppm uncertainty of the waters’ A’*’O
values is likely overestimated. When considering only the coral triple oxygen isotope measurement errors, the Ta17o
uncertainty reduces to £5 °C.

‘)) EVAG Geochem. Persp. Let. (2024) 31, 38-43 | https://doi.org/10.7185/geochemlet.2430 SI-10


https://doi.org/10.7185/geochemlet.2430

Geochemical Perspectives Letters — Supplementary Information

200 A
W OH™ + KIE
150 A
100 A
50
E seawater
= 0 1 (0%o, -11 ppm)
o X
—50 - OH;q -.__“‘.
@ CO; +KIE
—-100 + "."'ehydration = 0.537"-
0 > dissolved CO;
ehydroxylatlon =0.532
—200 H
1 T . : I I
-40 -20 0 50 0 A

6180 (%o, VSMOW)

Figure S-7 Estimates for the CO; hydration and hydroxylation slopes in triple oxygen isotope space. The triple
oxygen isotope composition of the hydration and hydroxylation endmember carbonates is calculated from a mass
balance between the reacting species (Bajnai et al., 2024). The equilibrium and kinetic fractionations between the
hydroxide ion and ambient water are determined based on the studies by Bajnai and Herwartz (2021), Bajnai et al.
(2024), and Zeebe (2020). The isotope composition of the dissolved CO; in equilibrium with ambient water is
estimated from Guo and Zhou (2019). The kinetic isotope effect superimposed on the dissolved COy is -3%o in 630
(estimated from Christensen et al. (2021)) and assumes a 6 of 0.506 for diffusion. The position of the equilibrium
carbonate is calculated using the theoretical aragonite calibration of Guo and Zhou (2019). The Onydration aNd Onydroxylation
are calculated for 25 °C, but they do not show any significant temperature dependence.
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