Appendix
A.1 Further details on the analysis of clumped isotopes
The mass 47 anomaly is temperature-dependent and forms the basis of the clumped

isotope thermometer (Wang et al., 2004, Eiler, 2007). It is reported as:

Aa7 (%o) = [(R | R4" — 1) — (R% | R%" — 1) — (R4 / R%" — 1)] x 1000 (A.1)

where R' are the measured ratios of the rare isotopologues with masses 45-47 to the
most abundant isotopologue with mass 44. R™ represents the corresponding ratios
under stochastic (or random) distribution of the isotopes among all possible
isotopologues and is calculated from the measured abundances of *3C and 80. The

measured enrichment of the mass 47 isotopologue is defined as:

o4’ (%o) = (R47Sample | R*"Reference — l) x 1000 (A.2)

Sample measurements were done in a randomized manner spanning an extended
period of time (November 2016 to February 2018). Mass 44-49 ion beams of sample
and reference CO2 gas were collected in six Faraday cups. We used reference gas
from two commercial compressed gas tanks: (1) 5*0Ovpps = -5.38 %0 and 3*3Cvrps = -
4.45 %o from October 2016 to October 2017, (2) 5*80Ovppe = -5.61 %o and 3*3Cvpos = -
3.54 %o from October 2017 to March 2018. Samples were reacted with phosphoric
acid at 70°C. During a measurement run, the Porapak trap (Schmid et al., 2012) was
cooled to -20°C in order to trap contaminants (e.g., Halocarbons, Hydrocarbons), and
baked out (120°C) for at least 1 h after each run. The signals of m/z 48 and 49 were

monitored to detect possible contamination (e.g., Bernasconi et al., 2013).



For the measuring interval from October 2016 to October 2017, we used the
carbonate standards ETH 1, 3 and 4 for correction and the carbonate standard ETH
2 for monitoring. From November 2017 to March 2018, ETH 1, 2 and 3 were utilized
for correction and ETH 4 for monitoring. Using the software "Easotope" (John and
Bowen, 2016), the measured 520 values were corrected for drift using "stretching"
based on the three correction standards and a correction interval of 30-40 standard
replicates before and after each sample analysis. 3'3C values were also corrected for
drift with the same standards, but without stretching. A47 was corrected for
composition (54’)-dependent (negative baseline) and composition-independent (scale
compression) mass spectrometer effects using the same three standards. In order to
characterize the pressure-sensitive baseline (PBL) on all Faraday cups and
determine the dependence of the PBL on the m/z 44 intensity for the other masses,
we performed high-voltage peak scans at 5 different m/z 44 signal intensities on a
daily basis. The dependence of the PBL on the m/z 44 intensity was then used to do
a PBL correction on the raw beam signals accounting for negative baseline/non-
linearity effects caused by the formation of secondary electrons (He et al., 2012;
Bernasconi et al., 2013; Meckler et al., 2014). The PBL corrected signals were used
to calculate 5'80vpps, 8'3Cvrps and raw A4z values with the "Brand" isotopic
parameters (Brand et al., 2010; Daéron et al., 2016). The empirical transfer function
based on the three correction standards corrects for scale compression caused by
fragmentation/recombination reactions in the electron ionization impact source and
standardizes A47 data for inter-laboratory comparison (Dennis et al., 2011).
Application of the empirical transfer function obtained from the correlation of raw and

accepted A47 values of the three standards converted our As7 to the absolute



reference frame. For that, we used standard replicate measurements from a
correction interval of £30-40 standards and the accepted standard A4z values from
Bernasconi et al. (2018). Finally, we added an acid fractionation correction of +0.062
%o (Defliese et al., 2015) to the A47 value in the absolute reference frame, in order to
transfer our data into a more common acid fractionation framework (from 70°C to
25°C digestion). To account for 180 fractionation during calcite digestion at 70°C, an

acid fractionation factor of 1.00871 was applied (Kim et al., 2007).

For the period from October 2016 to October 2017, mean A47 and external
reproducibility (1o standard deviation) of ETH 2 after correction were 0.2516+0.0334
%o (N=901) (Tables S3 and S4). The external reproducibilities of ETH 1, 3 and 4 were
1£0.0351 %o (n=907), £0.0325 %o (n=911) and +£0.0308 %0 (n=918), respectively. From
November 2017 to March 2018, mean A47 and external reproducibility of ETH 4 after
correction were 0.5145+£0.0385 %o (n=456), whereas the external reproducibilities of
ETH 1, 2 and 3 were £0.0365 %o (n=458), +0.0340 %0 (n=402) and +0.0356 %o

(n=460), respectively. All standard measurement data are listed in Table S3.

A.2 As7 end-member calculations

A47 end-member calculations to derive glassy foraminiferal A4z were carried out in R.
Following the procedure described in Defliese and Lohmann (2015), we calculated
0%, 8% and &’ from A47, 82C and &80 for both frosty foraminiferal calcite (d'rost) and
inorganic calcite (8'aiag, as derived from benthic foraminiferal calcite). For that, we
utilized the 80 acid fractionation correction of Kim et al. (2007), the A47 acid
fractionation correction of Defliese et al. (2015), the parameters recommended by

Daéron et al. (2016) and the following reference gas: 5*80Ovrps = -5.38 %o and



013CvpoB = -4.45 %o (all clumped isotope measurements included in the non-linear

mixing calculations were measured with the same reference gas).

In a CO2 mixture, end-members of different isotopic composition have been shown to
mix linearly with respect to 5%°, 3*¢ and &*’ (e.g., Affek and Eiler, 2006; Defliese and
Lohmann, 2015). Therefore, we used a simple linear mixing equation to derive glassy

foraminiferal &' values (d'glassy):

Olglassy = ('frosty — Fdiag X O'diag) / (1 — Fdiag) (A.3)

Glassy foraminiferal A47 was then calculated from glassy foraminiferal 55, 54¢ and
0%, This necessitates the estimation of a hypothetical ETF slope and intercept for
glassy calcite. For each calculation, we assumed that the ETF slope from the
clumped isotope measurement on frosty material represents the mean (weighted with
the fraction of diagenetic calcite) of the hypothetical glassy calcite ETF slope and the
ETF slope of the benthic clumped isotope measurement that was used to
approximate diagenetic inorganic calcite. Accordingly, a mean glassy calcite ETF
slope was calculated from the mean ETF slopes of the measurements on frosty and
benthic foraminifera. The same approach was applied to the ETF intercept. Code in

R format is provided upon request.
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