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[bookmark: _Ref112073095]Coral sampling strategy

As outlined in the main text, large chunks of coral samples were taken and, where possible, two samples were taken from each coral. Visually pristine areas of material were targeted, and any remaining discoloured or altered material was removed using a hand-held Dremel tool. For stylasterid corals, the apical tips of branches were avoided, since it has been shown their oxygen and carbon stable isotopic composition is further from equilibrium than bulk skeletal samples (Samperiz et al. [2020]).  Examples of sampling of three stylasterid specimens used in this study is shown below (Figure 1). 
[image: ]
[bookmark: _Ref123111442]Figure 1. Photos of three stylasterid specimens used in this study. Red lines show examples of where specimens were cut to obtain samples. 

Fe/Ca and Mn/Ca ratios: contamination screening

Iron oxyhydroxides are common contaminant phases which can impact element/Ca ratios in marine biogenic carbonates (e.g. Boyle [1981]). Here, we test for their influence in our dataset by measuring the Fe/Ca and Mn/Ca of sample replicates, and reporting correlations with both coral Ba/Ca and residuals of the Ba/Ca vs [Ba]SW relationships (Ba/Caresidual = Ba/Cacoral – Ba/Cacalibration) (Figure 2; Figure 3). 

No significant correlation is found between Ba/Ca and either Fe/Ca or Mn/Ca values for aragonitic stylasterids, or between scleractinian Ba/Ca and Fe/Ca (p > 0.05). However, high-Mg calcitic stylasterids show a significant (p < 0.05) positive correlation between these variables (rFe-Ba = 0.69; rMn-Ba = 0.69), while scleractinian Ba/Ca ratios also correlate significantly with Mn/Ca (p < 0.05, r = 0.21). Furthermore, both Fe/Ca and Mn/Ca correlate significantly and positively with residuals of the Ba/Ca vs [Ba]SW relationships for both high-Mg calcitic stylasterids (rFe-resid = 0.90; rMn-resid = 0.89) and Scleractinia (rFe-resid = 0.40; rMn-resid = 0.40) (Figure 2; Figure 3). 

We therefore exclude sample replicates which have Fe/Ca > 40 mmol/mol, following Spooner et al. [2018]. This results in 12 measurements from eight corals being removed from our dataset, with four corals having both of their replicate analyses removed (Table 1). When these replicates are excluded, the correlations between scleractinian Ba/Ca and Mn/Ca, and scleractinian calibration residuals and Fe/Ca and Mn/Ca, become  insignificant (p > 0.05, - 0.20 < r < 0.20; Figure 2; Figure 3). For high-Mg calcitic stylasterids, correlations are reduced by this screening, but not removed (rFe-Ba = 0.56; rMn-Ba = 0.63; rFe-resid = 0.77; rMn-resid = 0.82; Figure 2; Figure 3). These correlations are driven almost entirely by two replicates of one Errina sp. sample which both have relatively high Ba/Ca residuals and slightly elevated Fe/Ca and Mn/Ca. Owing to the small magnitude of Fe/Ca and Mn/Ca enrichment in this sample, we choose to retain it in our calibration.  

	Sample ID
	No. reps excluded
	Type
	Taxon
	Location

	NBP1103-DH07-Bp-0
	2
	Scleractinia
	Balanophyllia sp.
	Drake Passage

	NBP1103-DH14-Fpalive-8
	2
	Scleractinia
	Flabellum sp.
	Drake Passage

	NBP1103-DH14-Fpalive-1
	2
	Scleractinia
	Flabellum sp.
	Drake Passage

	DY081-008-ROV329-Ev024-453Flab
	1
	Scleractinia
	Flabellum sp.
	Labrador Sea

	JC094-21-EBB-ROV228-SLP44-B1584-Carls-001
	1
	Scleractinia
	Caryophyllia sp.
	Equatorial Atlantic

	DY081-031-ROV333-Ev037-201-590-Loph
	1
	Scleractinia
	Lophelia sp.
	Labrador Sea

	JR15005-40-832-Egr832
	1
	Stylasterid, mixed
	Errina sp., mixed (arag.)
	S. Orkney

	JR15005-44-907-mn-1-Ela907
	2
	Stylasterid, high-Mg calc.
	Errina sp., calc.
	S. Orkney


[bookmark: _Ref112074469]Table 1. Samples measured in this study which are excluded from calibrations due to contamination inferred from Fe/Ca ratios. Where only one replicate was removed, the remaining replicate was retained in the calibration.
[image: ]
[bookmark: _Ref95831699]Figure 2. Correlations between Ba/Ca and Mn/Ca (a and b) and residual Ba/Ca and Mn/Ca (c and d) for corals measured in this study. Straight lines join replicates of the same coral. Pearson r values before and after screening are shown. All r values calculated using average values for each coral to avoid pseudoreplication. All Lophelia sp. replicates used to calculate sample averages at this stage (i.e. both bulk calyx and theca wall replicates; see main text section 4.4). Mixed mineralogy corals not included in goodness-of-fit calculations. Where Mn/Ca values were less than detection limits, values were set to 0 μmol/mol. 


[image: ]
[bookmark: _Ref97557056]Figure 3. As Figure 2, with Mn/Ca replaced with Fe/Ca. For clarity, panels a’, b’, c’ and d’ show data from panels a, b, c and d in the Fe/Ca range 0 to 300 μmol/mol. When Fe/Ca values were less than detection limits, values were set to 0 μmol/mol. Symbols and colours follow Figure 2.



1. [bookmark: _Ref112073307]Scleractinian compilation: analytical offsets and uncertainties 

Ba/Ca data require correction for analytical offsets which can occur between laboratories (e.g. Stewart et al. [2020]a). For data measured in our study, we normalised Ba/Ca values measured in Bristol, NIST and St Andrews to the relatively homogenous NIST RM 8301 (Coral) solution (interlaboratory reproducibility for Ba/Ca 2.7 % (RSD; 1s) (Stewart et al. [2020]a)). 

Our new scleractinian Ba/Ca data were combined with those published in previous studies (Hemsing et al. [2018]; Spooner et al. [2018]) to create a compiled dataset. Laser ablation data (Anagnostou et al. [2011]) were not used due to apparent analytical differences between solution and laser-ablation techniques (see Spooner et al. [2018]).

NIST RM 8301 (Coral) was not available for previous studies, and instead, Ba/Ca data from these two studies was previously normalised based on measurements of the coral reference material JCp-1 (see Spooner et al. [2018]). We use these JCp-1 corrected ratios in our compilation. JCp-1 Ba/Ca ratios are known to be significantly more heterogenous than NIST RM 8301 (Coral), with an interlaboratory reproducibility of ~ 9 % (RSD; 1s) (Hathorne et al. [2013]). Therefore, while we did measure JCp-1 as part of our study, we chose not to use this reference material for normalisation. By instead normalising our data to NIST RM 8301 (Coral), we ensure that our dataset is compatible with future projects which may use this more homogenous reference material (Stewart et al. [2020]a). 

Use of different reference materials to correct for interlaboratory offsets raises the possibility of analytical differences between our data and previous work. To test for this, we measured additional replicates of 7 corals which were also measured by Spooner et al. [2018] and/or Hemsing et al. [2018]. We find good agreement between coral subsamples measured in each study, and importantly find no systematic offset between data measured in our study and these studies (Figure 4). Furthermore, our long-term laboratory average values for JCp-1 – once corrected to NIST RM 8301 (Coral) - differed from the published interlaboratory value by < 4 %, meaning any additional correction would have a minor impact on our results. Therefore, direct comparison of ours and previously published datasets is justified, and in practise, any remaining analytical offsets between laboratories are unlikely to influence our findings. 

[image: ]

[bookmark: _Ref103870015]Figure 4. Replicate subsamples of corals measured in this study and by previous authors show good agreement, after correction for analytical offsets. Analytical error bars (RSD; 2s) on individual replicates from this study are shown.

[bookmark: _Ref112073313]Sr/Ca vs temperature correlations

Sr/Ca values for most samples used here were reported and analysed previously (Stewart et al. [2020]b), and the reader is directed to this work for a detailed discussion of Sr-incorporation into azooxanthellate stylasterids and Scleractinia. These authors found a strong correlation between aragonitic stylasterid Sr/Ca and seawater temperature, and a weaker relationship for Scleractinia. Addition of new samples reported here (20 stylasterid and 17 scleractinian samples) results in relationships between coral Sr/Ca and temperature which have intercepts and gradients within error of those reported previously (Figure 5; Table 2; Stewart et al. [2020]b). Compared to this previous work, the r2 of the aragonitic stylasterid calibration is reduced slightly, and the prediction interval made wider. However, the observation that aragonitic stylasterid Sr/Ca more reliably records seawater temperature than scleractinian Sr/Ca remains robust (compare r2 and prediction intervals in Table 2), consistent with biologically-mediated “vital effects” impacting scleractinian Sr/Ca more than stylasterid Sr/Ca (Stewart et al. [2020]b). 

Sr/Ca values of a number of high-Mg calcitic stylasterids were also measured in this study. However, these samples span a small temperature range, precluding assessment of whether their Sr/Ca values also correlate with seawater temperature.

[image: ]
[bookmark: _Ref112074527]Figure 5. Relationships between Sr/Ca and seawater temperature for corals used in this study. Data are measured here, or are from Stewart et al. [2020]b. Lines of best fit (Ordinary Least Squares) shown for aragonitic stylasterids (solid, red) and Scleractinia (dashed, grey). 




	Taxon
	Source
	r
	p
	Regression type
	Gradient, m
	(± 2SE)
	Intercept, c
	(± 2SE)
	r2
	Prediction Interval (⁰C)

	Stylasterid, arag.
	Stewart et al. [2020]b
	
	< 0.05
	OLS
	- 0.11
	
	11.61
	
	0.79
	 ± 5.3

	Stylasterid, arag.
	Stewart et al. [2020]b & this study
	- 0.80
	< 0.05
	OLS
	- 0.10
	0.03
	11.40
	0.17
	0.64
	± 6.7

	
	
	
	
	Deming (unweighted, orthogonal)
	- 0.10
	0.02
	11.40
	0.20
	
	

	Scleractinia
	Stewart et al. [2020]b
	
	< 0.05
	OLS
	- 0.08
	
	11.06
	
	0.31
	> ± 7.7

	Scleractinia
	Stewart et al. [2020]b & this study
	- 0.59
	< 0.05
	OLS
	- 0.08
	0.02
	11.12
	0.14
	0.34
	± 9.2

	
	
	
	
	Deming (unweighted, orthogonal)
	- 0.08
	0.02
	11.11
	0.16
	
	


[bookmark: _Ref112074541]
Table 2. Summary of relationships between Sr/Ca and seawater temperature. Results of Ordinary Least Squares (OLS) and Deming (unweighted, i.e. orthogonal) regressions shown, for simplicity we recommend use of OLS regressions in palaeoceanographic contexts. 95 % prediction intervals calculated at the mean aragonite Sr/Ca value (~ 11 mmol/mol).

Subsample Sr/Ca and Ba/Ca ratios of mixed mineralogy corals are positively correlated in three out of four cases, indicating a shared mineralogical control on the incorporation of each element (Figure 6). 

[image: ]
[bookmark: _Ref112074587]Figure 6. Ba/Ca vs Sr/Ca of mixed mineralogy coral subsamples. Colours and symbols represent different corals. One Errina sp. sample had only one replicate after filtering for contaminant phases, and so is not included in this plot. Errina sp. samples are identified by the final numbers in their sample codes. Error bars represent analytical errors (RSD; 2s).

2. [bookmark: _Ref112074264]Origin of elevated Ba/Ca in mixed mineralogy stylasterids

The four mixed mineralogy stylasterids (genus: Errina sp., mixed (arag.); species: Errina gracilis) measured in this study have higher Ba/Ca than co-located entirely aragonitic stylasterids, despite the robust mineralogical control on stylasterid Ba/Ca outlined in section 4.1 of the main text. This elevated Ba/Ca signature is apparently specific to Ba; Sr/Ca, Li/Ca and Mg/Ca ratios measured in the same samples (same dissolved solutions) fall between entirely aragonitic and high-Mg calcitic stylasterids (Stewart et al. [2020]b).

This Ba-specific signature could be caused by contamination by barite (BaSO4) crystals, which are a common Ba-bearing particulate phase at mesopelagic depths (Dehairs et al. [1980]). However, treatment with DTPA – a cleaning procedure designed to remove barite from marine carbonates - had no distinguishable effect on Errina gracilis Ba/Ca ratios, compared to standard oxidative cleaning procedures (Figure 7). Secondly, any effect of regional hydrographic conditions (e.g.  temperature, see main text section 4.3) cannot explain our observations, because this should also impact on co-located aragonitic samples. 

Instead, we suggest two possible alternatives. Firstly, the mixed mineralogy of this species suggests it calcifies in a different manner to other, mono-mineralic stylasterids. Variations in growth rates and/or modification of the coral calcifying fluid could lead to high and variable Ba/Ca ratios via Rayleigh fractionation processes (e.g. Gaetani and Cohen [2006]; main text section 4.5). Alternatively, other phases such as witherite (BaCO3) may be present in the coral skeleton, leading to Ba-enrichment (e.g. Mavromatis et al. [2018]; main text section 4.5). As noted above, Ba-incorporation in Errina gracilis is the exception to mineralogical rule, and the skeletal δ18O and δ13C of these samples are close to equilibrium with seawater (Samperiz et al. [2020]; Stewart et al. [2020]b). This could indicate that calcification-related effects are unlikely the cause of Ba-enrichment. However, the (relatively) similar partition coefficients of Ba into aragonite and high-Mg calcite mean that calcification-related effects discernible in Ba/Ca data could be overprinted by more extreme mineralogical controls on other elements (e.g. Mg, Li and Sr). 

Alternatively, anomalously high Ba/Ca ratios may be caused by small-scale spatial and/or temporal variability in [Ba]SW. All Errina gracilis samples were collected from the South Orkney region, where seasonal fluctuations in primary productivity (e.g. Jennings et al. [1984]; Clarke and Leakey [1996]), phytoplankton community structure (Kang et al. [2002]), sea ice extent (e.g. Murphy et al. [1995]) and upwelling of Ba-rich deep waters all influence Ba cycling (Hoppema et al. [2010]; Pyle et al. [2017]; [2018]) and could plausibly generate spatial and temporal heterogeneity in [Ba]SW. Whether Errina gracilis calcifies at a different time of year to other stylasterid species is unknown, meaning we cannot assess whether temporal variations in [Ba]SW are responsible for their elevated Ba/Ca. However Errina gracilis does form part of a group of four “field-forming” stylasterid species which are commonly found together in dense aggregations, sustained by waters rich in organic carbon, focused by local bathymetry (Post et al. [2010]; Bax and Cairns [2014]). The remineralisation of barite associated with this organic carbon may result in Errina gracilis experiencing systematically higher [Ba]SW than other stylasterid species, although one sample of the entirely aragonitic species Inferiolabiata labiata has lower Ba/Ca than Errina gracilis, despite being collected from the same locality and also being a member of this “field-forming” group (Bax and Cairns [2014]).

Whether the elevated and variable Ba/Ca of Errina gracilis results from a calcification-related effect or is due to its specific habitat is unknown. However, the uncertainty regarding Ba-incorporation into this species, combined with its mixed mineralogy, means it is unsuitable for use in palaeoceanographic contexts.

[image: ]
[bookmark: _Ref96073619]Figure 7. Cleaning experiments carried out on two mixed mineralogy Errina sp. corals. Symbols represent different replicates of the same powders. The two corals used were JR15005-113-2421-Egr2421 (Egr2421) and JR15005-113-2426-Egr2426 (Egr2426).  Open symbols were cleaned by standard oxidative techniques (ox), filled symbols were additionally treated with DTPA (ox + DTPA). Error bars represent analytical errors (RSD; 2s).



[bookmark: _Ref112073332]Bamboo coral Ba/Ca

Bamboo coral Ba/Ca has previously been shown to correlate with [Ba]SW (LaVigne et al. [2011]). Our high-Mg calcitic stylasterid Ba/Ca vs [Ba]SW relationship is steeper than that found for bamboo corals (LaVigne et al. [2011]; red line in Figure 8). However, closer inspection of the bamboo coral data reveals a reduction in Ba-incorporation at high [Ba]SW (compare grey and red lines in Figure 8), likely driven by decreasing bamboo coral DBa with increasing water depth (Geyman et al. [2019]). When bamboo coral samples from the range of [Ba]SW represented in our stylasterid study (i.e. [Ba]SW < 105 nmol/kg) are considered, the bamboo coral Ba/Ca vs [Ba]SW relationship is steeper (compare grey and red lines in Figure 8) and agrees well with our high-Mg calcitic stylasterid relationship (main text, Figure 4). However, we note that the lack of a comparable interlaboratory standard may complicate direct comparison of these datasets. Finally, we also note that one bamboo coral sample is plotted differently here to Figure 2 in LaVigne et al. [2011]. Here, we are plotting this data point as it is provided in their Table 1 and supplement. In practise, the position of this sample does not change our conclusions. 


[image: ]
[bookmark: _Ref95835959]Figure 8. Bamboo coral Ba/Ca vs [Ba]SW from LaVigne et al. [2011]. Note the reduction in gradient when including samples from higher [Ba]SW, shown by comparison of grey and red lines. For comparability with our data set, samples from [Ba]SW > 105 nmol/kg are not used in Figures 3a and 4 in the main text. 
3. [bookmark: _Ref112073326]Additional controls on stylasterid and scleractinian Ba-incorporation

Correlations between hydrographic variables and stylasterid and scleractinian DBa and Ba/Ca vs [Ba]SW residuals are summarised in Table 3. As outlined in the main text (main text, sections 4.3 and 4.4), the strongest observed correlations are found for stylasterids, with both temperature and dissolved silica concentrations. We find no significant correlations between scleractinian DBa values and any hydrographic parameter (Figure 9).






	
	Aragonitic Stylasteridae
	High-Mg calcitic Stylasteridae
	Scleractinia (compiled dataset)

	
	DBa
	Ba/Ca vs [Ba]SW residuals
	DBa
	Ba/Ca vs [Ba]SW residuals
	DBa
	Ba/Ca vs [Ba]SW residuals

	Temperature (⁰C)
	r = - 0.54
p < 0.05
	r = - 0.16
p > 0.05
	r = - 0.55
p > 0.05
	r = - 0.45
p > 0.05
	r = - 0.15
p > 0.05
	r = - 0.17
p < 0.05

	Dissolved silica (µmol/kg)
	r = 0.47
p < 0.05
	r = 0.14
p > 0.05
	r = 0.45
p > 0.05
	r = 0.33
p > 0.05
	r = - 0.01
p > 0.05
	r = 0.07
p > 0.05

	Depth (m)
	r = - 0.18
p > 0.05
	r = - 0.45
p < 0.05
	r = - 0.18
p > 0.05
	r = - 0.31
p > 0.05
	r = - 0.06
p > 0.05
	r = - 0.11
p > 0.05

	pH (total scale)
	r = 0.33
p > 0.05
	r = 0.24
p > 0.05
	r = 0.15
p > 0.05
	r = 0.27
p > 0.05
	r = 0.01
p > 0.05
	r = 0.03
p > 0.05

	Salinity (psu)
	r = - 0.28
p > 0.05
	r = - 0.06
p > 0.05
	r = 0.34
p > 0.05
	r = 0.21
p > 0.05
	r = 0.03
p > 0.05
	r = 0.00
p > 0.05

	Oxygen (µmol/kg)
	r = 0.39
p < 0.05
	r = 0.27
p > 0.05
	r = 0.08
p > 0.05
	r = 0.20
p > 0.05
	r = 0.07
p > 0.05
	r = 0.09
p > 0.05

	Phosphate (µmol/kg)
	r = 0.10
p > 0.05
	r = - 0.11
p > 0.05
	r = 0.12
p > 0.05
	r = 0.00
p > 0.05
	r = 0.01
p > 0.05
	r = 0.09
p > 0.05

	Ωarag.
	r = 0.02
p > 0.05
	r = 0.23
p > 0.05
	r = 0.00
p > 0.05
	r = 0.13
p > 0.05
	r = 0.19
p > 0.05
	r = 0.13
p > 0.05


[bookmark: _Ref112074884][bookmark: _Ref112074686]Table 3. Correlations between coral DBa, and Ba/Ca vs [Ba]SW residuals, with various hydrographic parameters. Relationships with p values < 0.05 and/or r values > 0.4 are shown in bold. For Scleractinia, the entire compiled dataset (this study, Spooner et al. [2018] and Hemsing et al. [2018]) is included in this analysis, where relevant hydrographic data were previously published. Note that some samples from Hemsing et al. [2018] were not published with associated concentrations of dissolved oxygen, phosphate or silica. Samples from Spooner et al. [2018] and Hemsing et al. [2018] were not published with associated Ωarag., or carbonate system parameters to facilitate Ωarag. calculation. 



[bookmark: _Ref112074918][image: ]Figure 9. Scleractinian DBa values as a function of various seawater parameters. Colours and symbols represent locations. Icelandic samples from Hemsing et al. [2018] were not published with associated concentrations of dissolved oxygen, phosphate or silica. Samples from Spooner et al. [2018] and Hemsing et al. [2018] were not published with associated Ωarag., or carbonate system parameters to facilitate Ωarag. calculation. 
Finally, while genus-specific effects on Ba-incorporation into stylasterid and scleractinian corals appear to be minimal, we find that sampling approach is an important consideration when analysing Ba/Ca ratios of the scleractinian coral Lophelia sp., owing to the systematic offset between Ba/Ca of bulk calyx and theca only subsamples (Figure 10; main text section 4.4).
[image: ]
[bookmark: _Ref106195271]Figure 10. Effect of sampling on Lophelia DBa. Whole calyx samples are thought to incorporate centres of calcification (COCs), which results in increased Ba-incorporation compared to theca samples. For description of sampling, see Stewart et al. [2020]b. 
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