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Abundant shale oil and gas resources have been shown in the marine sedimentary regions of
southern China, and the marine excellent source rocks have great contribution to these
unconventional resources. However, the maturity of most marine source rocks in the area
reaches high-over mature stage, with the vitrinite reflectance value (Ro) over 2%, which results
in similar developing pattern of conventional geochemical indices and losing their original
significations. The geochemistry study of dissolved organic matter (DOM) in these high-over
mature marine source rocks is relatively less and restricted, which is also a critical issue in the
studied Lower Silurian Longmaxi Formation shale in Sichuan Basin, characterized by high
contents of total organic carbon (TOC>3%), low amounts of free hydrocarbons (S1<0.15 kg
HC/t rock) and chloroform bitumen A (<60×10-6), in which saturated hydrocarbon and
aromatic hydrocarbon are generally absent.
Previous investigation has demonstrated that the Lower Silurian source rocks in Baltic Basin
and Sichuan Basin have strong contrast, which can be confirmed in the composition of
graptolite and lamalginite through the identification of hydrocarbon–forming organisms, and
the kerogen type (type II, mainly composed of benthos, fungi and bacteria) in this study as well.
These source rocks in Baltic Basin have low maturity (Ro <1.0) and high content of DOM (up
to 7.26×10-3), of which the percentage of total hydrocarbon is over 70% and much higher than
that of nonhydrocarbon and asphaltene. Saturate fractions compounds are dominated by n–
alkanes in the range from n–C11 to n–C18 carbon atoms in the molecule with one maximum.
Abundant alkyl cyclohexane and aromatic hydrocarbon are present but absence of hopanoids
and steroids, which is different from the distribution in the source rocks from the same area in
the previous report (Zdanavičiūtė and Lazauskienė, 2009). Therefore, further analysis of DOM
through using a new method (Zhang et al., 2016) is required to get more information about the
geochemistry characteristics of these samples.
All the DOM of these marine excellent source rocks from both basins were subjected to
sequential stepwise pyrolysis at 50 °C intervals from 310 to 610 °C. The results indicated that
a wide range of n-alkenes/alkanes pairs (C7 to C30) occurred after 410 °C in all samples. In the
high-over mature marine source rocks from Sichuan Basin, saturated hydrocarbons dominated
at different temperature stages with the change in carbon atoms. The distribution of alkane
products with the increasing temperature is much the same as the process of hydrocarbon
generation and expulsion. At 310 °C, n–C14 to n–C18 were predominant and the percentage of

higher molecular weight alkanes (>C20) increased with increasing temperature till 410 °C. Then
the percentage of higher molecular weight alkanes decreased, whereas the percentage of lower
molecular weight alkanes increased (C8 to C20) till 560°C, which decreased again at 610 °C and
dominant n–C17 to n–C20 alkanes were left. However, the situation is more complicated in the
low mature source rocks from Baltic Basin. Due to the pyrolysis of nonhydrocarbon and
asphaltene, many hopanoid, steroids and aromatic hydrocarbon occurred, such as tri-aromatic
sterane and tetramethylbenzene, derived from some certain acritarch, bacteria or algae (Hoefs
et al., 1995; Koopmans et al., 1996; Moldowan et al., 1996; Pedentchouk et al., 2004), which
could possibly be present in the source rocks in the Sichuan Basin when they were still in the
low maturity stage. The stepwise pyrolysis of DOM in these excellent marine source rocks
from Baltic Basin will provide us a hint to interpret the source of organic matter and
geochemistry process in the marine sedimentary regions of southern China.
References
Hoefs, M.J.L, van Heemst, J.D.H, Gelin, F., Koopmans, M.P., Van Kaam-Peters, H.M.E.,
Schouten, S., De Leeuw, J.W., Sinninghe Damsté, J.S., 1995. Alternative biological sources for
1,2,3,4-tetramethylbenzene in flash pyrolyzates of kerogen. Organic Geochemistry 23, 975979.
Koopmans, M.P, Schouten, S., Kohnen, M.E.L., Sinninghe Damsté, J.S., 1996. Restricted
utility of aryl isoprenoids as indicators for photic zone anoxia. Geochimica et Cosmochimica
Acta 60, 4873-4876.
Pedentchouk, N., Freeman, K.H., Harris, N.B., Clifford, D.J., Grice, K., 2004. Sources of
alkylbenzenes in Lower Cretaceous lacustrine source rocks, West African rift basins. Organic
Geochemistry 35, 33-45.
Moldowan, J.M, Dahl, J., Jacobson, S.R, Huizinga, B.J., Fago, F.J., Shetty, R., Watt, D.S.,
Peters, K.E., 1996. Chemostratigraphic reconstruction of biofacies: Molecular evidence linking
cyst-forming dinoflagellates with pre-Triassic ancestors. Geology 24, 159-162.
Zdanavičiūtė, O., Lazauskienė, J., 2009. Organic matter of Early Silurian succession–the
potential source of unconventional gas in the Baltic Basin (Lithuania). Baltica 22, 89-98.
Zhang, Z., Volkman, J.K., Xie, X., Snowdon, L.R., 2015. Stepwise pyrolysis of the kerogen
from the Huadian oil shale, NE China: Algaenan-derived hydrocarbons and mid-chain ketones.
Organic Geochemistry 91, 89-99.

