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The maturation characteristics of humic (i.e. vitrinite-rich) coas and coaly mudstones
are fundamentally different to those of classic marine and lacustrine source rocks and, thus,
for basin modelling purposes, require separate study. The unique maturation characteristics of
coay kerogen are well exemplified by the New Zealand Coa Band (Cretaceous—Cenozoic),
which displays an unexpected, rank-related increase in HI of up to 150 mg HC/g TOC prior to
the onset of oil expulson (Sykes and Snowdon, 2002). This increase has been attributed
primarily to kerogen restructuring (Killops et a., 2002; Sykes and Snowdon, 2002), which is
thought to involve mainly aromatisation and polycondensation reactions reincorporating
bitumen into the kerogen macromolecular structure and in the process, creating new, higher
energy bonds (Schenk and Horsfield, 1998; Dieckmann et al., 2006). In this study, we have
used Soxhlet extraction, TLC and open-system pyrolysis techniques to investigate evidence
for progressive kerogen restructuring along the NZ Coa Band and to assess its implications
for kinetics-based modelling of petroleum formation.

Thirteen well-characterised, rank series coals [Rank(S) 5.4-18.9, R, 0.39-2.61%] of
relatively uniform kerogen type from the NZ Coal Band were Soxhlet-extracted using an
azeotropic solvent mixture for 72 hrs. The extracts are dominated by asphaltene and polar
compounds. HI values of the extracted coals are up to ¢. 100 mg HC/g TOC less than those of
the non-extracted counterparts (Fig. 1). Indeed, for coals of Rank(Sy) 12.6 (R, 0.87%) or less,
up to c. 30% of their S2 hydrocarbon yieldsis heavy bitumen-derived. Significantly, however,
the extracted coals display the same rank-related increase in HI up to the onset of ail
expulsion, confirming that the increase isindeed linked to the kerogen fraction.

For both the extracted and non-extracted sample sets, plots of the S2 hydrocarbon
generation rate curves (normalised to mg HC/g initial C/°C) against Rock-Eval temperature
reveal nesting of the curves for the three least mature samples [Rank(S) 5.4-6.6, R, 0.39—
0.45%), followed by progressive offset of curves to higher temperatures for successively more

mature samples; i.e. each curve extends beyond the envelope of the preceding sample in the
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rank series. This distribution is consistent with the neo-formation of more refractory kerogen
with progressive maturation — kerogen that is expected to generate late-stage, high-maturity
gas (Dieckmann et a., 2006).

To further test this theory, hydrocarbon generation rate curves were obtained for the
non-extracted coals at laboratory heating rates of 0.7, 2, 5 and 15 K/min and discrete
activation energy and frequency factor distributions derived following the enhanced kinetics
approach of Dieckmann (2005). Initial results are equivocal, probably because of the
significant heavy bitumen component of many of the samples. However, irrespective of the
kinetics results, the progressive offset of the S2 hydrocarbon generation rate curves beyond
the immature envelopes indicates that hydrocarbon generation kinetics obtained from
immature samples would likely result in erroneous predictions of petroleum formation
histories at geological heating rates (Schenk and Horsfield, 1998).
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Figure 1. Plot of HI versus Rank(S,) and equivaent R, for selected coals from the NZ Coal
Band, pre- and post-extraction.
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In the light of recent findings, biomarker and carbon isotope systematic in coa and fossil
wood are expected to provide valuable information for the reconstruction of floral
assemblages and paleoenvironmental changes during the Cenozoic. Carbon isotope analyses
of terrigenous organic matter have been used to reconstruct changes in the isotopic
composition of upper ocean and atmospheric carbon reservoirs (Arens et al., 2000). Carbon
isotope values of cellulose from tree-rings and fossil wood have also been related to climatic

change (e.g. temperature, humidity) via water-use efficiency of land plants.

In this study, we report on biomarker and carbon isotope analyses of coal, resinites, woody
macrofossils, and extracted cellulose obtained from lignite deposits of Central Europe
(Austria, Bulgaria, Germany, Hungary, Slovenia) covering the time interval from Early
Eocene to Pliocene. The concentration of diterpenoid biomarkers (including abietane-,
pimarane-, isopimarane-, beyerane-, kaurane-, and phyllocladane-type hydrocarbons) relative
to the sum of diterpenoids plus triterpenoid hydrocarbons, containing the structures typical of
the oleanane-, the ursane-, or the lupane-skeleton, are used as proxies for the contribution of
gymnosperms versus angiosperms to peat formation. Our results demonstrate that bulk
organic matter of coal and coaly sediments is influenced by varying contributions of
angiosperms and gymnosperms, by different isotopic composition of land plant tissue (e.g.
leafs, wood, bark), as well as by microbia activity. The concentration ratios of terpenoid
biomarkers in coal seams indicate the predominance of angiosperms in the peat-forming
vegetation during Eocene and Early Ologocene, whereas Late Oligocene to Pliocene coals are
derived from gymnosperm-dominated (i.e. coniferous) sources. The results are in genera
agreement with paleobotanical records and demonstrate the potential of biomarker analysesin

pal eoecol ogical studies.



064

The 5**C variations found in resinites, fossil wood and wood cellulose support their capability
to trace paleoenvironmental conditions. In contrast to fossil wood, §'°C values of cellulose
from woody macrofossils are only negligible influenced during decomposition. The carbon
isotope analyses demonstrate isotopic trends of land plants parallel to the marine record
during the Tertiary (Zachos et al., 2001). Furthermore, co-variations of 8*3C of coals, fossil
wood from gymnosperms, and wood cellulose with climatic changes (i.e. mean annua
temperature, mean annual precipitation) reconstructed from paleobotanical data from eastern
Germany are noticed (Krutzsch et a., 1992; Eissmann, 1994; Krutzsch, 2000). We propose
that the observed patterns were primarily produced by variations of the isotope ratios of
oceanic and atmospheric carbon reservoirs, and additionally modified by climatic changes due
to their influence on plant physiology. Thus, the terrestria carbon isotope record indicates
changing 8°C values of atmospheric CO. associated with atmospheric pCO. and
paleoclimate. Carbon isotope studies on fossil wood of known taxa and on their cellulose
provide a powerful tool in reconstructing the isotopic record of land plants and its implication
for environmental changes during the Earth’s history.
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Qil from coa is still the subject of considerable debate, with unambiguous examples
of commercia petroleum accumulations due to coa source rocks largely limited to Late
Mesozoic and Cenozoic southern hemisphere examples (Wilkins and George, 2002). Petersen
and Nytoft (2006) suggested that this may be due to floral control on oil generation potential,
linked to the evolution of land plants. These authors aso reported on some Permian coas
from the Australian Cooper and Sydney Basins that may have marginal oil generation
potential. In the coal-rich Sydney Basin (Australia), the presence of a petroleum system has
been known for decades from the occurrences of numerous oil seeps and oil shows
encountered during coal mining and the drilling of coal exploration wells (e.g. Philp and
Gilbert, 1986). Nevertheless, whether these oils were sourced from coals or from other shaly
source-rocks interbedded within the Coal Measures is not yet clearly established. This study
assesses the organic geochemical and petrological characteristics of selected coal samples
from the Late Permian Illawarra Coal Measures, fine-grained sediment samples from above
and within the Coal Measures, and oil samples from the Early Triassic sandstones overlying
the Coal Measures, in order to investigate if these oils are related to the coals.

Organic geochemical and petrological data demonstrate that the Sydney Basin coals
(vitrinite reflectance values from 1.0 to 1.4 %) have higher hydrogen indices, higher liptinite
contents and much higher organic matter extractabilities than the fine-grained sediments in
the section. Biomarker evidence such as the high relaive abundances of pristane, C19 and Cxo
tricyclic terpanes, C24 tetracyclic terpane and Coo steranes and diasteranes indicates that the oil
shows and seeps were sourced from higher plant dominated organic matter deposited in an
oxic environment. This is corroborated by the low abundances of dibenzothiophenes, and the
absence of extended tricyclic terpanes and gammacerane in these samples. The source and
maturity-specific biomarkers and aromatic hydrocarbon distributions of the oils exhibit
notable affinities to those of the coals (Fig. 1). The affinity of the oils to the coals is aso
demonstrated by the similarities in bulk carbon isotopic compositions of the total oils and the
coa extracts (83Cqy = -24.7 to -23.1 %o and §Ceyrae = -26.3 t0 -25.3 %0) and carbon
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isotopic compositions of their individual n-alkanes (3*3C.aikanes of oil = -25.7 t0 -23.4 %o and
81CrAlkanes of Extract = -25.6 t0 -24.6 %o), with the exception of the heavier bulk isotopic
composition of Metropolitan oil seep and the compound specific isotopic composition of
Metropolitan coal extract. Permo-Triassic fine-grained sediments have relatively higher
abundances of C4and Cysbicyclic sesquiterpanes, Cys tricyclics terpane, Cyg o hopane, 2a-
methylhopanes, Csy 30-norhopane, 29,30-bisnorhopane, C,; steranes, C,; diasteranes and
dibenzothiophenes. These distributions suggest a mixed terrestrial and calcareous organic
matter input to the fine-grained sediments, which is significantly different from both the oils
and the coals (Fig 1).
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Fgure 1. Cross plots of (@) Pristane/Phytane versus Dibenzothiophene/Phenanthrene, (b) Cag
of hopane/Czy oy hopane versus Cs; ap hopane/Cs af hopane and ternary diagram of (c)
C,7, Cogand Cyg regular steranes showing the genetic relationship of the oils and coals.

The similar biomarker features, bulk/compound specific carbon isotopic compositions
and molecular maturities of the oils and the coals indicate that they are genetically related.
This new evidence for generation and expulsion of oil from Permian Coals in the Sydney
Basin indicates that this basin may have the potential for commercial oil accumulations in

Permian or Early Triassic sandstones.
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