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The European Arctic is part of a frontier region of hydrocarbon exploration with a significant
potential of undiscovered resources (Gautier et al., 2009). In this study we investigate coals
and organic-rich shales of Paleozoic to Cenozoic age from outcrops on Spitsbergen. While
most coals are considered to be gas-prone source rocks, previous organic geochemical studies
showed that some arctic coals are hydrogen-rich and oil prone (Abdullah et al., 1988;
Marshall et al., 2015). Knowledge of carbon isotope-specific kinetic parameters for the
transformation of organic matter to hydrocarbons is important to evaluate hydrocarbon
generation on a basin scale by numeric modelling. Isotope fractionation associated with
hydrocarbon generation causes maturity related signatures in the stable isotope composition
of generated oil and gas. These signatures can be used to correlate hydrocarbon
accumulations with their source rocks and to estimate their maturity (Stahl, 1977; Berner &
Faber, 1996).
To support an assessment of the hydrocarbon potential of sedimentary basins in the European
Arctic, kinetic parameters were derived from non-isothermal, open-system pyrolysis
experiments performed on different source rocks from Svalbard, including Paleozoic,
Mesozoic and Cenozoic coals as well as Mesozoic shales. Pyrolysis temperatures ranged
from 200 to 1200°C with heating rates from 0.1 to 5 °C/min.
The variations in carbon and hydrogen isotope signatures of hydrocarbons generated from
these source rocks were determined by off-line GC-IRMS analysis on samples of the
pyrolysis gas collected over discrete temperature intervals. Furthermore, based on previous
work by Cramer et al. (2001), a new pyrolysis system was developed, which allows for online GC-IRMS analysis of the pyrolysis gas at higher sampling frequencies.
First results show that stable carbon isotope signatures of gas generated from the arctic coals
and shales used in this study generally follow the expected trend of increasing δ13C with
increasing maturity. Although the bulk organic carbon δ13C of -22 ‰ to -26 ‰ is in the
typical range for coals, the isotope trends of gases generated from these arctic coals deviate
from the trends reported for type III kerogen by Berner & Faber (1996) and show a
systematic shift towards lower δ13C values. Similarly, δ2H of methane generated from the
arctic coals shows the expected increase with increasing maturity, but all values are
significantly lower than expected for coal-related gases (Schoell, 1980).
These observations indicate that correlation between source rock and gas based on the stable
isotope signature can be difficult for arctic coals because especially at early maturity stages
the signatures can resemble those of hydrocarbons generated from marine or lacustrine source
rocks. Furthermore, maturity estimation based on gas isotope signatures for arctic coals
should be derived from maturity relationships obtained for these specific source rocks rather
than of those commonly used and derived from humic coals.
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Figure 1 Cross-plot of methane and ethane stable carbon isotope composition showing
isotope signature for gas generated at different temperature (maturity) from two different
coals and one shale from Spitsbergen. Numbers on trend lines and data points refer to
vitrinite reflectance (VR %) and EASY%Ro calculated from pyrolysis temperature and time,
respectively.
References
Abdullah, W.H., Murchison, D., Jones, J.M., Telnaes, N., Gjelberg, J., (1988) Lower
Carboniferous coal depositional environments on Spitsbergen, Svalbard. Organic
Geochemistry, 13, 953-964.
Berner, U., Faber, E., (1996) Empirical carbon isotope/maturity relationships for gases from
algal kerogens and terrigenous organic matter, based on dry, open-system pyrolysis. Organic
Geochemistry, 24, 947-955.
Cramer, B., Faber, E., Gerling, P., Krooss, B.M., (2001) Reaction Kinetics of Stable Carbon
Isotopes in Natural Gas - Insights from Dry, Open System Pyrolysis Experiments. Energy &
Fuels, 15, 517-532.
Faber, E., Schmidt, M., Feyzullayev, A.A., (2015) Geochemical Hydrocarbon Exploration Insight from Stable Isotope Models. Oil & Gas Journal, 2/2015, 93-98.
Gautier, D.L., Bird, K.J., Charpentier, R.R., Grantz, A., Houseknecht, D.W., Klett, T.R.,
Moore, T.E., Pitman, J.K., Schenk, C.J., Schuenemeyer, J.H., Sørensen, K., Tennyson, M.E.,
Valin, Z.C., Wandrey, C.J., (2009) Assessment of Undiscovered Oil and Gas in the Arctic.
Science, 324, 1175-1179.
Marshall, C., Large, D.J., Meredith, W., Snape, C.E., Uguna, C., Spiro, B.F., Orheim, A.,
Jochmann, M., Mokogwu, I., Wang, Y., Friis, B., (2015) Geochemistry and Petrology of
Palaeocene Coals from Spitzbergen – Part 1: Oil Potential and Depositional Environment.
International Journal of Coal Geology 143, 22-33
Schoell, M., (1980) The hydrogen and carbon isotopic composition of methane from natural
gases of various origins. Geochimica et Cosmochimica Acta, 44, 649-661.
Stahl, W.J., (1977) Carbon and nitrogen isotopes in hydrocarbon research and exploration.
Chemical Geology, 20, 121-149.
28th International Meeting on Organic Geochemistry
17 – 22 September 2017, Florence, Italy

