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Abstract: Phosphoric acid is commonly used to react with carbonates to generate carbon dioxide for
determining the carbon and oxygen isotopes of carbonates by using online reaction device, for
example, GasBench coupled to an isotope ratio mass spectrometer (IRMS). During the measurement,

oxygen isotope fractionation will arise due to various factors, which can result differences between
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the measured oxygen isotope values and the actual ones. In this study, a series of carbonate standard
materials (international standard materials TAEA-603, NBS18, and national standard materials
GBWO04416 and GBW04405) and modern marine planktonic foraminiferal samples were determined
to explore the contribution of acid fractionation on the oxygen isotope values under different
conditions. The effects of acid fractionation on the oxygen isotope values for each standard material,
and the underlying mechanism were investigated and discussed. The results showed that: 1) The acid
fractionation effect is mainly caused by the exchange of oxygen isotopes between the sample CO, gas
and the evaporated gas phase water in the headspace bottle (at high temperatures) or by the liquid
water in the acid (at low temperatures); 2) The acid fractionation coefficients of oxygen isotope in
carbonate reference materials with different characteristics show significant differences and are
related to their oxygen isotope compositions; 3) The degree of deviation of oxygen isotopes is related
to the factors such as reaction temperature, sample quantity, water content of phosphoric acid, and the
difference between the oxygen isotope composition of liquid and gaseous water in the acid and the
oxygen isotope composition of the samples; 4) The acid fractionation effect on oxygen isotopes is
significantly correlated with signal intensity. It is recommended to effectively correct the oxygen
isotope fractionation of acid by accurately weighing reference materials and samples, following the
principle of peak intensity matching and adopting linear correction method for determination of
oxygen isotopes in carbonates. Besides, a lower reaction temperature (25 °C) generates slighter degree
of oxygen isotope fractionation. This study provides a useful reference for the accurate determination
of carbon and oxygen isotope composition in carbonates, and is of great significance for improving
analysis accuracy.
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Table 1 Carbonates reference materials (RM) and
certified values of carbon and oxygen isotopes used

in the experiment

FRE(E Certified value/%o

TR BRI 5T
Carbonates RM 5"Cypps 5" Oypps
TAEA-603 KL 2.46+0.01 —2.37+0.04
NBS18HER A -5.010.04 ~23.240.10
GBWO04405 K 7 0.57+0.03 —8.49+0.14
GBWO044 1 665 7 1.610.03 —11.59+0.11
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Fig.1 Schematic diagram of the process for determining of carbon and oxygen
isotopes using phosphoric acid method by GasBench-IRMS
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Fig. 2 Linear relationships between the test values and the certified values of °C and 6O for carbonate

reference materials at different temperatures
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Table 2 Oxygen isotope phosphoric acid fractionation factors of carbonate reference

materials at different temperatures

AR MEREL or

AR AR EY) I ’f}lﬁl (VS E] Oxygen isotope phosphoric acid fractionation factor HIIEN/€
Carbonates RM 0 "Oyppr/%0 Number of measurement
70 C 50 C
IAEA-603 -2.37 1.00844+0.00006 1.00916:0.00006 6
GBW04405 —8.49 1.00876+0.00008 1.00958+0.00007 6
GBWO04416 -11.59 1.00883+0.00006 1.00941+0.00005 6
NBS18 -23.2 1.00887+0.00005 1.00963+0.00007 6
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isotopes at different reaction temperatures
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Table 3 Carbon and oxygen isotope compositions of carbonate reference materials after

correction at different temperatures

e wathtree OVERE popgy BRORES g RRERES
Temperature/°C Carbonates RM Number of 0" Cypps/%o, 16 MKEIJHZ§ 0"* Oyppp/%o, 1o %{%{HZ§
measurement AC/%o A°O/%o
25 NBSI18 6 ~4.94+0.05 0.07 —23.15+0.01 0.05
TAEA603 6 2.45+0.03 -0.01 ~2.39+0.03 -0.02
GBW04416 6 1.63+0.06 0.02 ~11.590.05 0
GBW04405 6 0.55+0.04 -0.02 ~8.530.06 -0.04
70 NBS18 6 —4.99+0.05 0.02 ~23.2+0.05 0
TAEA603 6 2.3740.05 -0.09 ~2.40+0.06 -0.03
GBW04416 6 1.55+0.02 -0.06 ~11.62+0.07 -0.03
GBW04405 6 0.52+0.03 -0.05 ~8.47+0.03 0.02
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Table 4 Carbon and oxygen isotope compositions of marine carbonate samples

(foraminifera) measured at different reaction conditions

[ (32 2 0
SN ZAE jllinese:¢

Z RUA— MR IES R

Measured isotope value  Result after correction by multiple-point linear normalization

Reaction condition Number of measurement

0PCf%o  0"°0,/%0 0"Cyppp/%o, 10 0" Oypop/%o, 1o
25%C,6h 3 1.45 947 1.47£0.03 -2.36+0.03
1.42 -2.53
1.48 -2.51
50 °C,2h 3 1.44 _356 1.41£0.02 ~2.390.04
1.41 -3.62
1.42 -3.63
70 °C,1h 3 132 —45] 1.43£0.05 —2.44+0.08
1.37 -4.36
1.41 —4.48
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