
Authors response to Anonymous Referee #1 report #1 

Dear Prof. Tina Treude, dear referee, dear EGU sphere, 

Here is our response to the comments of Anonymous Referee #1 in the last report and to 

the Associate Editor decision. 

First, we answered the Referee suggestion and Associate Editor decision of adding a comparison 

of our data with the equation of Meinicke et al., (2021). However, for reasons stated in detail 

bellow, we extended this comparison also to the equations of Peral et al. (2022) and Huyghe et 

al. (2022) which also use low temperature (<30°C) datasets anchored to the I-CDES reference 

frame. This comparison highlight that a number of modern brachiopod calcite Δ47 values not 

only deviate from the equation of Anderson et al. (2021) but also form published equations 

based only on biogenic marine carbonates (foraminifera, bivalves). The detailed results of this 

comparison are made available in an updated version of Supplement S3.  

We additionally corrected the values of Δ47 temperature offsets for Terebratellidina and 

Terebratulidina (Section 4.1.2). Values in previous versions of the manuscript resulted from a 

calculation with one sample attributed to the incorrect taxonomic group. This change has no 

impact on our conclusions. All these changes relate to Section 4.1.2, pages 18-19 in the revised 

manuscript. 

We also take the opportunity that this document will be public to further answer in details the 

arguments advanced by the referee in the last report, regarding the potential cold bias of the 

Anderson et al. (2021) clumped isotope temperature equation.  

 

Referee coment 

Author’s response 

 

 

That said, I believe the scientific disagreement between the authors and myself regarding a 

potential cold bias of the Anderson D47 equation in the lower temperature range has not 

been fully resolved. I appreciate the detailed reply to this issue the authors gave in the 

online discussion. I also fully agree that the way “true” temperatures are assigned to the 

foraminifera datapoints in the Meinicke, Piasecki and Peral datasets is not ideal. This is, in 

my opinion, not a fault of the authors, but a general issue with calibration datasets based on 

microfossils (unless grown in lab cultures).  

We fully agree on that last point.  

However, I remain of the opinion that the fact that data from lab-grown bivalve shells (with 

highly precise known temperatures) does align significantly better with the Meinicke dataset 

than the Anderson dataset should be a good reason for the authors to at least consider the 

reprocessed Meinicke equation in their analysis. The fact that data from mollusk shells, 

which are known to be precipitated close to equilibrium (as acknowledged by the author and 



demonstrated in Huyghe et al. 2022) is significantly offset from the Anderson line in the 

same direction as the brachiopod data in this study should also be mentioned in my view. 

We acknowledge that some of the clumped isotope data from de Winter et al. (2022) are 

offset from the Anderson et al. (2021) equation in the same direction as our brachiopod 

data. The fact that these results align better with the equation of Meinicke et al. (2021) is 

however, only relevant to the Arctica islandica samples grown at 15 and 18°C, according to 

table 1 in de Winter et al. (2022). The better agreement with the Meinicke et al. (2021) 

equation rather than the Anderson et al. (2021) equation is not significantly relevant to the 

rest of the low temperature aragonite dataset according to de Winter et al. (2022) 

themselves: “When including clumped isotope values of other low-temperature (<30°C) 

aragonites in the compilation, the regression remains indistinguishable from the calibration 

of Anderson et al.  (2021) and similar to the foraminifera-based calibration by Peral 

et al.  (2018) and Meinicke et al.  (2020) combined with reference to I-CDES in Meinicke 

et al. (2021) and the Guo et al. (2009) theoretical temperature relationships (Figure 2b)” 

(Section 3.2 in de Winter et al., 2022). This statement is supported by their supplementary 

data S8, where low temperature (<30°C) aragonite Δ47 values from their compilation show 

no statistically significant offset with the equation of Meinicke et al. (2020), neither with that 

of Anderson et al. (2021). In consequence there is no strong argument to support that 

either of these equations is significantly different or better than the other to characterize the 

low temperature aragonite dataset.  

While we acknowledge the precise control over temperature in lab grown bivalves, this does 

not rule out any other control over shell geochemistry, especially biological controls that 

may create deviation from equilibrium. Indeed, while Arctica islandica precipitate its shell 

close to oxygen isotope equilibrium with seawater, it is not the case for carbon isotopes or 

trace elements (see the review of Schöne, 2013 on Arctica islandica and ref therein). In 

addition, while the dataset of Huyghe et al. (2022) highlight Δ47 values from bivalve calcite 

close to the expected equilibrium, to generalize this observation to all mollusc shells could 

be faulty, especially at light of the disequilibrium reported in juvenile oysters also by Huyghe 

et al. (2022).  

With these considerations, the offset observed in Arctica islandica Δ47 values relative to the 

Anderson et al. (2021) equation could well be explained by other processes including 

biologic processes, rather than a bias in the equation. Indeed, Figure 1 and Table 1 of de 

Winter et al. (2022) shows that Arctica islandica Δ47 values of specimens grown at 

temperatures of 3.2 and 1.1°C are in agreement with the equation of Anderson et al., 

(2021) while specimens grown at temperatures of 15 and 18°C show significant deviations 

from this equation. Again from the review of Schöne (2013) several aspects of Arctica 

islandica physiology may explain such deviation.  

_ “This species tolerates temperature and salinity ranges of 1° to 16 °C (Golikov and 

Scarlato, 1973; Mann, 1989; Witbaard et al., 1997a; tolerance under experimental 

conditions for limited amounts of time up to 20 °C: Winter, 1969) and 22 to 35 PSU (Winter, 

1969; Oeschger and Storey, 1993), respectively” (Schöne, 2013) 

_ “Shell growth occurs at temperatures as low as 1 °C, increases strongly between 1° and 6 

°C and shows a tenfold increase between 1° and 12 °C (Witbaard et al., 1997b).” (Schöne, 

2013) 



We argue that a significant increase in shell growth rate between the specimens grown at 1 

and 3°C and those grown at 15 and 18°C may result in kinetic effects similar to the ones 

suggested for brachiopod shells (Bajnai et al., 2018; this study). This hypothesis could be 

easily tested with constrains on shell growth which was monitored during the experiment 

according to Supplementary S1 from de Winter et al. (2022), but we were not able to find 

that information. 

Finally, though admittedly slightly off-topic, I am not convinced that the author’s argument 

(made in reply to my comment in the online discussion) that several D47 datasets agree 

within uncertainty with the Anderson dataset is very strong in this context, because the 

potential cold bias is only argued for by de Winter and colleagues in the cold end of the 

temperature range, and many of these datasets (e.g. Anderson and Jautzy) contain many 

hot datapoints that can strongly influence the slope of a linear regression (especially if the 

actual temperature relationship may not be linear).  

The Anderson et al. (2021) equation is very well constrained by data points in the low 

temperature range stated by de Winter et al. (2022) (<30°C) by the reprocessed 

foraminifera datasets of Breitenbach et al. (2018), Peral et al. (2018) and Meinicke et al. 

(2020), by the very slow growing mammillary calcite of Laghetto Basso (8°C) (Anderson et 

al., 2021; Fiebig et al., 2021), by calcite from perennial ice-covered lakes (Anderson et al. 

2021). Plus, the bivalve calcite dataset of Huyghe et al. (2022) further support the Anderson 

et al. (2021) equation in this low temperature range. That is what we illustrated in the figure 

in our previous response and is illustrated by Figure 3B in Anderson et al., (2021). Thus 

multiple datasets, some of them with very strong temperature control, argue against a cold 

bias of Anderson et al. (2021) in the low temperature range (<30°C). The bivalve aragonite 

data reported by de Winter et al. (2022) and some of brachiopod calcite data of Bajnai et al. 

(2018) and our study are for now only a few deviations from Anderson et al. (2021) 

equation relative the quantity of data that support that equation in the low temperature 

range. 

Alternatively, we also raise the following question. In the hypothesis that the Anderson et al. 

(2021) has a cold bias related to the use of high temperature points in the regression, is 

there any reason to prefer the Meinicke et al. (2021) equation over other equations derived 

in marine temperature range and set in the I-CDES reference frame such as the equation of 

Peral et al. (2022) or that of Huyghe et al. (2022) ?  

This is why in the revised version we compare our results not only to the equation of 

Meinicke et al. (2021) but also to that of Peral et al. (2022) and that of Huyghe et al. (2022) 

which do not include high temperature data points. The application of those two last 

equations to the brachiopod dataset result in similar cold bias as using the equation on 

Anderson et al. (2021), while applying the equation of Meinicke et al. (2021) only slightly 

reduces the cold bias in our dataset. Not only does this comparison discard the argument 

that the observed cold bias result from the regression of Anderson et al. (2021) equation 

with high temperature datapoints, it highlights that none of the published equation can fully 

resolve the cold bias observed in brachiopod shells.  

 

In addition, the Anderson dataset includes common data points with most of the other 

datasets mentioned in the author’s reply. 



Indeed, as the Anderson et al. (2021) equation is a composite equation based on multiple 

previously published datasets. It also includes the Meinicke et al. (2020) foraminifera 

dataset albeit with different calcification temperature assignment as already discussed.  

 

 

 

To sum up over the case of the Meinicke et al. (2021) vs Anderson et al. (2021) equations: 

1) There is in our opinion no significant reason in the study of de Winter et al. (2022) to prefer 

either of the Meinicke et al. (2021) or Anderson et al. (2021) equation to describe aragonite Δ47 

values.  

2) There is no influence of the non-linearity of the T-D47 that result in a cold bias of the 

Anderson et al. (2021) equation in the low temperature range (<30°C). Indeed, the Anderson et 

al. (2021) composite equation is very well constrained by data points with temperature <30°C, 

plus, similar cold biases on the brachiopod dataset are observed applying equations constrained 

by marine samples (Peral et al., 2022; Huyghe et al. 2022). 

3) We propose a hypothesis to explain the deviation of Arctica islandica Δ47 values from the 

Anderson et al. (2021) equation reported by de Winter et al. (2022), and call for a test of this 

hypothesis if possible.  

Finally, with all these elements, as the Anderson et al. (2021) equation is a composite of 

datasets from various labs and various carbonate origins, it appears, to date, to be the best 

constrained equation to describe Δ47-Temperature relationship in calcium carbonate materials 

(calcite and aragonite). Thus, it should be preferred to other equations with less data constrains 

such as those of Meinicke et al. (2021), Huyghe et al. (2022) and Peral et al. (2022). 

Nevertheless, this conclusion may be revised in a near future with increasing number of data 

reporting significant deviations from this equation (Bajnai et al., 2020; Fiebig et al., 2021; de 

Winter et al., 2022; this study) 
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