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These reference materials (RMs) are intended for normalization [1] of stable carbon (5'3C)
measurements of unknown calcium formates [Ca(HCO2)2] and similarly-behaving carbon-bearing
substances. A unit consists of 0.5 g in a glass container. There is no limit on distribution. USGS106,
USGS107, and USGS108 calcium formate RMs were developed through a collaboration among David
W. Hoffman (University of Texas at Austin), Arndt Schimmelmann (Indiana University,
Bloomington), and the U.S. Geological Survey. The preparation of the RMs was carried out by Arndt
Schimmelmann.

Recommended values: Stable carbon isotopic compositions are expressed herein as delta values [2]
relative to VPDB (Vienna Peedee belemnite) on a scale normalized such that the §'°C values of

NBS 19 limestone and LSVEC lithium carbonate are +1.95 %o and —46.6 %o, respectively [3,4]. The
6'3Cvrpa values and the R('*C/'2C) ratios are available [5]. The stable carbon-isotope delta values of
USGS106, USGS107, and USGS108 calcium formates with combined standard uncertainties
(k=1) are:

Reference 03 CvpDB-LSVEC Data source
USGS106 —-28.54 +0.05 %o [5]
USGS107 —10.13 +0.03 %o [5]
USGS108 +13.84 +0.03 %o [5]

Technical coordination for these RMs was provided by Arndt Schimmelmann of Indiana University
and Haiping Qi of the U.S. Geological Survey Reston Stable Isotope Laboratory (RSIL).

Reston, Virginia 20192 Tyler B. Coplen, Director
July 2, 2026 Reston Stable Isotope Laboratory

1



Expiration of Reference Value: The reference values for the isotopic compositions of USGS106,
USGS107, and USGS108 are valid until December 31, 2033, provided the RMs are handled in
accordance with the instructions given in this Report of Stable Isotopic Composition (see “Instructions
for Use”™). A reference value is nullified if the RM is damaged, contaminated, or otherwise modified.

Sources of the RM: The following description is taken from Hoffman and others [5]. Three kilograms
of BioUltra grade calcium formate Ca(HCOO)2 were obtained from Sigma Aldrich, and formic acid
[R(™*C/*C) = 0.99 mol/mol] was obtained from Cambridge Isotope Laboratories (Manchester, New
Hampshire). The calcium formate was divided into three fractions. Using the validated method
described by Schimmelmann et al. [6] for producing isotopically homogeneous materials, calcium
formate was dissolved in ultrapure water. One fraction remained unspiked (USGS106). The other two
calcium formate solutions were spiked with small amounts of '*C-enriched calcium formate that had
been prepared from the *C-enriched formic acid via reaction with pure calcium hydroxide to pH 5.02.
The isotopic spikes maintained the calcium/formate molar ratio and produced calcium formate
solutions that were enriched in '*C by approximately 18.4 %o and 42.4 %o, compared to the —28.54 +
0.05 %o unspiked solution, resulting in 6"*Cvppa-Lsvec values of —10.13 + 0.03 %o (USGS107) and
+13.84 + 0.03 %0 (USGS108). The spiked and unspiked calcium formate solutions were then
individually fed through Teflon capillaries into liquid nitrogen to generate small icy droplets that were
freeze dried to generate isotopically homogeneous fine-grained powders. The solid calcium formates
were analyzed by isotope-ratio mass spectrometry to determine their 6'>C values relative to the VPDB-
LSVEC scale. Users will receive aliquots of 0.5 g in glass containers as RMs for 6'C normalization.

Maintenance of RM Report of Isotopic Composition: The U.S. Geological Survey RSIL will
monitor these RMs and will notify the purchaser if substantive technical changes occur that affect their
isotopic compositions.

Distribution and Stability: A distribution unit of each RM is available in amounts of 0.5 g in a glass
container that is vacuum sealed in a plastic pouch. USGS106, USGS107, and USGS108 are stable at
normal room temperatures when stored under dry conditions. To minimize the potential for
contamination, it is recommended that USGS106, USGS107, and USGS108 be stored in the containers
in which they were was supplied. Storing in a dark and cool place is preferred.

Instructions for Use: USGS106, USGS107, and USGS108 can be interspersed among every 10—-15
unknowns. They can be used with other carbon isotopic RMs. To prevent USGS106, USGS107, and
USGS108 from degrading over time, after they are opened, it is recommended that users always close
the cap tightly after usage and store in a dry desiccator or in a refrigerator. A glass container from a
refrigerator or freezer should be gently warmed to room temperature before opening to avoid
condensation of moisture.

Reporting of stable-isotope-delta values: The following recommendations are provided for reporting
stable carbon isotope-delta values. It is recommended that:

e The '3C values of all carbon-bearing substances be expressed relative to VPDB-LSVEC on a
scale such that the 6'*C values of the primary isotopic reference materials [7] NBS 19
calcium carbonate and LSVEC lithium carbonate are +1.95 %o and —46.6 %o, respectively
[3.4].



Authors report delta values of international distributed (secondary [7]) isotopic reference
materials as though they had been interspersed among and used for normalization of unknowns,
as appropriate for the measurement method [8]. In this manner, measurement results can be
adjusted in the future as analytical methods improve and consensus values of internationally
distributed isotopic reference materials change.

Reporting of delta values relative to PDB (Peedee belemnite) be discontinued [9].

REFERENCES

[1]

2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Coplen, T. B., 1988, Normalization of oxygen and hydrogen isotope data, Chemical Geology
(Isotope Geoscience Section), v. 72(4), p. 293-298. https://doi.org/10.1016/0168-
9622(88)90042-5

Coplen, T. B., 2011, Guidelines and recommended terms for expression of stable-isotope-ratio
and gas-ratio measurement results, Rapid Communications in Mass Spectrometry, v. 25(17),

p. 2538-2560. https://doi.org/10.1002/rcm.5129

Coplen, T. B., 1994, Reporting of stable hydrogen, carbon, and oxygen isotopic abundances:
Pure and Applied Chemistry, v. 66(2), p. 273-276. https://doi.org/10.1351/pac199466020273
Coplen, T. B., Brand, W. A., Gehre, M., Groning, M., Meijer, H. A. J., Toman, B., and
Verkouteren, R. M., 2006, New guidelines for 6'*C measurements, Analytical Chemistry,

v. 78(7), p. 2439-2441. https://doi.org/10.1021/ac052027¢c

Hoffman, D. W., Rasmussen, C., Schimmelmann, A., Reid, L. T., Qi, H., and Coplen, T. B.,
2026, Three new calcium formate reference materials for 6'°C measurements and a
redetermination of the R(**C/!2C) ratio for VPDB based on proton nuclear magnetic resonance
measurements, Rapid Communications in Mass Spectrometry, v. 40(18), €70132.
https://doi.org/10.1002/rcm.70132

Schimmelmann, A., Qi, H., Coplen, T. B., Brand, W. A., Fong, J., Meier-Augenstein, W., Kemp,
H. F., Toman, B., Ackermann, A., Assonov, S., and Aerts-Bijma, A. T., 2016, Organic reference
materials for hydrogen, carbon, and nitrogen stable isotope-ratio measurements: caffeines, n-
alkanes, fatty acid methyl esters, glycines, L-valines, polyethylenes, and oils, Analytical
Chemistry, v. 88(8), p. 4294-4302. https://doi.org/10.1021/acs.analchem.5b04392

Brand, W. A., Coplen, T. B., Vogl, J., Rosner, M., and Prohaska, T., 2014, Assessment of
international reference materials for isotope-ratio analysis (IUPAC Technical Report), Pure and
Applied Chemistry, v. 86(3), p. 425-467. https://doi.org/10.1515/pac-2013-1023

Skrzypek, G., Allison, C., Bohlke, J. K., Bontempo, L., Brewer, P., Camin, F., Carter, J. F.,
Chartrand, M. M. G., Coplen, T. B., Groning, M., Hélie, J.-F., Esquivel-Hernandez, G., Kraft, R.,
Magdas, D. A., Mann, J. L., Meija, J., Meijer, H. A. J., Moossen, H., Ogrinc, N., Perini, M.,
Possolo, A., Rogers, K., Schimmelmann, A., Shemesh, A., Soto, D. X., Thomas, F., Wielgosz,
R., Winchester, M. R., Yan, Z., and Dunn, P. J. H., 2022, Minimum requirements for publishing
hydrogen, carbon, nitrogen, oxygen and sulfur stable-isotope delta results (IUPAC Technical
Report), Pure and Applied Chemistry, v. 94(11-12), p. 1249-1255. https://doi.org/10.1515/pac-
2021-1108

Coplen, T. B., 1995, Discontinuance of SMOW and PDB, Nature, v. 375, p. 285.
https://doi.org/10.1038/375285a0



https://doi.org/10.1016/0168-9622(88)90042-5
https://doi.org/10.1016/0168-9622(88)90042-5
https://doi.org/10.1002/rcm.5129
https://doi.org/10.1351/pac199466020273
https://doi.org/10.1021/ac052027c
https://doi.org/10.1002/rcm.70132
https://doi.org/10.1021/acs.analchem.5b04392
https://doi.org/10.1515/pac-2013-1023
https://doi.org/10.1515/pac-2021-1108
https://doi.org/10.1515/pac-2021-1108
https://doi.org/10.1038/375285a0

