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Conclusions and outlook

-dolomite specific clumped isotope temperature calibration for 70 °C acid digestion

significantly above calcite calibration

-big uncertainty in acid fractionation correction for dolomite

-dolomite standards (SRM 88b, Sansa, Rodolo) available for better data comparison

-aragonite specific clumped isotope acid fractionation correction needs further

investigation with aragonitic samples from well constraint growth conditions

-magnesite clumped isotope acid fractionation calcite (need for

homogenous magnesite standards)

-calcite: well constraint acid fractionation, standards available (Interlab Comparison and

Bernasconi et al., 2018)

Instrumental setup at Utrecht University for D47

analysis of calcite, aragonite and dolomite

Kiel IV carbonate device (70-95 µg replicates), 

102 % phosphoric acid 70 °C, porapak Q trap 

held at -40 °C, connected to 253 Plus (Thermo

Fisher Scientific).

0,10

0,12

0,14

0,16

0,18

0,20

0,22

0,24

0,26

0,28

0,30

0,32

0,34

20 30 40 50 60 70 80 90 100 110 120 130 140

D
4

7
(‰

)

Digestion Temperature (°C)

- Calcites from Guo et al., 2009 in ARF

- Heated Calcites, this study

- ETH 1 and ETH 2

- Aragonites, this study

- Dolomites, this study

- Witherites from Tripati et al., 2015

- Magnesite, this study

Defliese et al., 2015; 
Murray et al., 2016:
Calcite

Murray et al., 2016: 
Dolomite

Guo et al., 2009

Müller et al., 2017

Recent clumped isotope studies (Guo et al., 2009; Murray et al., 2016; Müller et al., 2017) showed potential differences in the absolute and relative temperature dependent D47

fractionation during phosphoric acid digestion of different carbonate mineralogies. These remaining uncertainties might cause on one side erroneous temperature estimates and

on the other side hamper proper data comparison between laboratories digesting their carbonate samples at different temperatures. In addition to these uncertainties laboratories

without own D47 -T calibration apply calibrations from other laboratories that might react their samples at different temperature or treat their samples with slightly distinct ways of

purification. The analysis of identical carbonate standards amongst laboratories is often missing, which hinders proper data comparison between them and legalization to apply

calibrations of other laboratories.

Here we discuss examples of D47 studies on different carbonate mineralogies and the advantages of analyzing the corresponding carbonate standards for an improved data

comparison (Bernasconi et al., 2018) and to anchor D47 data to D47 -T calibrations done in other laboratories.

∆47 𝐶𝐷𝐸𝑆 70 °𝐶= 0.0426 ± 0.0022 ×
106

𝑇2
+ 0.1492 ± 0.0169

𝑅2 = 0.8513

Calcite calibration Kele et al., 2015 

re-evaluated in Bernasconi et al., 

2018

Projection to 

90 °C acid 

digestion

Dolomite specific D47-T calibration for acid digestion at 70 °C (Müller 

et al., in review)

AC 70 to 90 °C 

uncertainty range

Table 4. Heated Carbonates (D47 acid fractionations)

Identifier d13CVPDB (‰) d18OVPDB (‰) D47 CDES 70 °C (‰) #

Aragonites

Billin 1 (H) 3.10±0.01 -8.36±0.01 0.165±0.009 64

Billin 2 (H) -10.99±0.06 -5.59±0.05 0.176±0.013 38

Average 0.169±0.007 102

Calcites

MS 2 (H) 2.06±0.01 -1.91±0.02 0.183±0.008 88

ETH-4 (H) -10.20±0.01 -18.72±0.02 0.187±0.008 107

Merck (H) -41.91±0.02 -15.62±0.01 0.192±0.009 66

Average 0.187±0.005 258

Dolomites

Rodolo (H) -3.89±0.02 1.78±0.04 0.229±0.009 91

Sansa (H) 1.29±0.02 -3.68±0.04 0.226±0.010 57

Average 0.227±0.007 148

All uncertainties are displayed at the 95% CL

Absolute D47 acid fractionation for 70

°C reaction temperatures of various

carbonates (Müller et al., 2017 re-

evaluated in Müller et al., in review)

?

Magnesite phosphoric acid digestion at 

100 °C, sample purification from H2O 

and NonCond with vacuum line

Magnesite clumped isotope fractionation: 

Magnesite heated in cold seal pressure vessel 

at 700 °C for 10, 24 and 58 hours
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Preliminary results for 100 °C acid digestion 

Aragonitic reference coral: 
aragonite D47 acid fractionation equal to calcite?

Temperature gradient at Rockal
Trough; the location of the
reference coral at 600 m depth
with T around 8.5 °C at trough
(De Haas and Mienis, 2005)

Deep sea coral Madrepora oculata Aragonite AC as 

Ref M2005-63 MO AC calcite

d 13
CVPDB final d 18

OVPDB final d 18
OVSMOW d

18
OVSMOW fluid D 47 CDES 25°C T (°C) T (°C)

Average -3,21 1,22 32,17 -2,18 0,760 2 7

SD 0,01 0,03 0,03 1,39 0,026 6 6

Std Error 0,00 0,01 0,01 0,34 0,006 1 1

95% CL 0,01 0,02 0,02 0,71 0,013 3 3

Replicates 17

D47-T calibration of 
aragonitic otoliths offset 
to calcite aragonite 
calibration (Ghosh et al., 
2007)

Potential causes of offsets or non offsets:
-vital effects; 
-different acid fractionation
-contamination derived of organic matter 
within carbonate 
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