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Three mixed-gas reference materials were developed by the Central Energy Resources Science Center (CERSC) stable isotope laboratory as a replacement for National Institutes of Standards and Technology (NIST) RM-8559, RM-8560 and RM-8561, which are no longer in service. This set of light-hydrocarbon gas mixtures is intended to serve as primary carbon and hydrogen stable isotope reference materials for methane, ethane and propane. The stable isotope values presented herein represent the average of multiple determinations provided by two laboratories (USGS CERSC, Denver, CO and Isotech Ltd, Champaign, IL). 
All samples were prepared for dual-inlet analyses by conventional vacuum line techniques including cupric oxide combustion and zinc reduction. Resultant sample CO2 was analyzed and compared to CO2 produced from the H3PO4 digestion (30 oC, 24 hr) of NBS-19 on a dual-inlet magnetic-sector stable isotope ratio mass spectrometer. Resultant combustion waters were converted to H2 (by zinc reduction, 400 oC, 60 min) and analyzed against Vienna Standard Mean Ocean Water (VSMOW) and Vienna Standard Light Arctic Precipitation (VSLAP) prepared (reduced to H2) in a similar fashion. Carbon stable isotope values are expressed in parts per thousand (‰, per mil) relative to Vienna Pee Dee Belemnite (VPDB). Hydrogen isotope values are expressed in parts per thousand (‰, per mil) relative to VSMOW. The mole percent compositions are not calibrated and are for informational use only.
The depleted NIST reference gas mixtures were never certified by any accrediting body, nor is this new suite of reference gases. However, their use will allow for direct standardized comparison of data produced by investigators in different laboratories by providing a means to anchor carbon and hydrogen stable isotope values to the internationally accepted VPDB and VSMOW reference scales. 

Ordering Information 
The suite of mixed-gas reference materials may be obtained from the U.S. Geological Survey Central Energy Resources Science Center by contacting Dr. Robert Dias. Order requests and further information should be forwarded to:
Dr. Robert F. Dias
U.S. Geological Survey 
Central Energy Resources Science Center
P.O. Box 25046, MS 977
Denver, CO  80225
rfdias@usgs.gov




Table 1. Recommended stable carbon and hydrogen isotope values for USGS reference gases HCG-1, HCG-2 and HCG-3. Additionally, informational values for mol% are provided. For both direct comparison and continuity, NIST RM-8559, RM-8560 and RM-8561 were analyzed using the same preparative and analytical protocols. A summary of these data are contained in a soon to be released USGS Open File Report detailing the entire project. 
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avg -1.51 -10.22 -15.43 -43.09 -29.80 -19.35 -61.39 -45.31 -36.80

stdev 0.08 0.03 0.10 0.10 0.04 0.09 0.12 0.06 0.06

n 12 21 21 30 21 21 6 6 6
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avg -64.0 54.3 74.6 -183.2 -125.6 -171.0 -224.3 -262.2 -245.2

stdev 3.1 4.6 7.6 5.7 1.9 2.0 3.2 3.0 2.3

n 12 21 18 29 21 20 6 5 6
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~mol% 46 43 11 59 33 8 93.5 1.2 0.4
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