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Maturity-related variations in the bitumen compositions of coals from Tara-1
and Toko-1 wells
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Abstract The composition of bitumen extracted from two
suites of vitrinite-rich New Zealand coals spanning a rank
range associated with the generation and expulsion of oil is
reported, together with implications for the factors
controlling both the expulsion of oil from coals and the
various molecular ratios routinely used as maturity
parameters. Solvent-extracted bitumen accounts for a small
proportion of the free hydrocarbons present in the coals, but
the distribution of both compound classes and components
within each compound class in solvent extracts appears
representative of the bulk of free hydrocarbons, upon
comparison with thermal extracts. Although no obvious
increase was observed in solvent-extracted bitumen or its
constituent saturates and n-alkanes with increasing maturity,
there were changes in the carbon-number distributions of
n-alkanes indicative of the generation and expulsion of n-
alkanes at Rank(Sr) values >12. The amount of aromatics
increased sharply at Rank(Sr) c. 13 in the Tara coals, and
bulk compositional changes suggest that paraffinic
components were expelled at that rank. The decline in carbon
preference index (CPI) over the Rank(Sr) range 11-13 in
the Tara coals could be explained by the generation of modest
additional amounts of n-alkanes, if expulsion occurred at
the same rate as generation leading to the observed
approximately constant n-alkane concentrations of c. 1 mg/
g Corg recovered by solvent extraction. An alternative
mechanism is that the generated n-alkanes may remain
largely within closed pores, inaccessible to solvent
extraction, although some leakage into open pores would
be required to account for the observed changes in n-alkane
distributions. Generation of aromatic compounds, which
exhibit a greater adsorption affinity for coal than saturates,
may aid expulsion, which could account for the association
of the onset of significant paraffinic oil expulsion with
increase in aromatic hydrocarbon concentrations in the Tara
coals at Rank(Sr) c. 13. Only after significant amounts of
thermally generated aromatics have accumulated and/or

displaced pre-existing aromatics do maturity-related trends
become established. These trends are masked at Rank(Sr)
values < 13 by the free aromatic hydrocarbons inherited from
diagenesis.
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INTRODUCTION

A recent study of oil-prone, vitrinite-rich coals from New
Zealand suggested that expulsion of the paraffinic oils that
are characteristic of coaly source beds (Hvoslef et al. 1988;
Radke et al. 1990; Powell et al. 1991) can be modelled by
consideration of the polymethylene (PM) content and
adsorption capacity of the coals (Killops et al. 1998). The
term PM is used here to represent the n-alkyl chains in
kerogen components such as cutan, suberan, and cutin (Nip
etal. 1986a, b; Tegelaar et al. 1989, 1995). A minimum PM
content appeared necessary to overcome adsorption and
permit expulsion of oil, allowing threshold parameters to
be estimated (Killops et al. 1998). Coals from Toko-1 well
in Taranaki Basin did not seem to expel oil but those from
Tara-1 well in Great South Basin did, by Rank(S) c. 13
(Rank(Sr) c. 12.3). The onset of expulsion in the Tara coals
was suggested by Killops et al. (1998) to be indicated by
various compositional changes in bulk coals (a relatively
rapid decrease in atomic H/C ratio, a corresponding increase
in aromaticity from 13C n.m.r. spectrometry of bulk coals,
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Fig. 1 Bulk-coal compositional data for Tara coals. Horizontal
rules indicate maturity range (broken line) and mean (solid line)
for the onset of significant paraffinic-oil expulsion (after Killops
et al. 1998). (Elemental analysis data after Killops et al. 1998;
13C n.m.r data after Dickinson etal. 1991. Rank(Sr) scales derived
from Fig. 1; mmf = mineral matter free.)



158 New Zealand Journal of Geology and Geophysics, 2001, Vol. 44

and a levelling out of the Sl/TOC ratio from Rock-Eval)
and extractable bitumen (an increase in the saturates:
aromatics and C3o:C31 17a(H)-hopane ratios, and a rapid
decrease in carbon preference index (CPI) values for C25-
C31 fl-alkanes) (Killops et al. 1998). The sharp decline in
atomic H content and increasing aromaticity, reproduced in
Fig. 1, apparently reflect the preferential expulsion of
paraffinic components.

Significant changes in the amount and composition of
hydrocarbons in the bitumen remaining in the coals after
the onset of oil expulsion are to be expected. In previous
studies on Carboniferous coals from Germany, the amount
of extractable bitumen and vitrinite fluorescence reached
maxima at a vitrinite reflectance (VR) of c. 0.9-1.0%
(equivalent to Rank(Sr) c. 13.5-14.0), at which point
exsudatinite became visible in pores and CPI values declined
to c. 1.0 (Radke et al. 1980; Littke & Leythaeuser 1993). In
Nesberg-1 borehole, there appeared to be direct evidence
for expulsion of oil from the C seam into overlying
sandstone, possibly accounting for the stabilisation of C15-
C30 n-alkane levels in coal samples at c. 1 mg/g C (Littke &
Leythaeuser 1993). The amount of saturates from coals does
not always show clear maturity-related trends, although there
can be pronounced changes in the composition of the
aromatics fraction (Radke et al. 1980). Decreasing levels of
pristane but fairly constant levels of phytane in bitumen
extracted from German Carboniferous coals have been
attributed to hydrocarbon expulsion (Littke & Leythaeuser
1993). This proposition was based on the apparent earlier
generation of pristane cf. phytane (Brooks et al. 1969), but
is equally valid given the similar generation kinetics but
different generation potentials recently suggested for these
two isoprenoids (Koopmans et al. 1999).

We report the analysis of the extractable bitumen from
oil-prone New Zealand coals and the insight it provides into
the factors controlling both the expulsion of oil from coals
and the various molecular ratios routinely used as maturity
parameters. Sample suites from Tara-1 and Toko-1 wells
were analysed because they appear to represent the extremes
of the ability of coals to expel oil and they encompass an
appropriate maturity range (Killops et al. 1998). There are
some source-related compositional differences between the
two sets of coals. The 16 Toko coals are of Eocene age and
are derived primarily from angiosperm remains, in which
resin components are dominated by triterpenoids, whereas
the 29 Tara coals are of Late Cretaceous to early Paleocene
age and are primarily derived from gymnosperm remains,
in which diterpenoids dominate resin components (Killops
et al. 1995). However, resinite is only a minor component
in the coals (Killops et al. 1998 and references therein) and
so the main control on oil potential is likely to be PM content.

MATERIALS AND METHODS

The coals represent new sample sets, as Tara samples used
in previous studies (Killops et al. 1998) had been exhausted.
Cuttings were sampled from 30 ft (9.14 m) depth intervals
in Tara-1 and 3 m intervals in Toko-1 well. After washing,
air drying, and picking, material of specific gravity <1.7 was
isolated by flotation (sodium polytungstate solution),
comprising coal with an ash content of up to c. 40%.
Following milling, these coal samples (c. 5 g) were extracted
with dichloromethane (c. 50 ml) under ultrasonication (20

min). Saturate and aromatic fractions were isolated from the
extracted bitumen by thin-layer chromatography (TLC) on
silica gel with hexane eluant, and analysed by GC-FID (HP
5890 GC) using a 25 m x 0.2 mm i.d. HP ultra 2 column
(5% phenyl-methylsilicone, 0.33 |xm film thickness) with
helium carrier gas (15 psi). Splitless injection (1 (ll hexane
solution) was used at an injector temperature of 290°C; the
detector temperature was 305°C. The temperature pro-
gramme was 2 min at 40°C then 40-300°C at 57min, with
an isothermal period of 25 min at 300°C. Components were
quantified against an internal standard (squalane) at a
concentration of 100 (Xg/mg fraction weight.

Thermal extraction of finely milled coal samples was
performed in the modified injector of a HP 6890 Plus GC.
Samples (c. 1 mg) were loaded into an injector liner fitted
with a glass-wool plug to hold the sample just above the
inlet of a fused-silica pre-column (0.5 m x 0.53 mm i.d.,
0.25 |j,l film thickness, DB5), where liquid nitrogen trapping
took place. The pre-column was connected via a low-dead-
volume fitting to a 30 m x 0.32 mm i.d. DB5 column (0.25
(im film thickness). Thermal extraction at 320°C (2 min,
helium carrier gas split ratio c. 100:1) with liquid-nitrogen
trapping of C$+ hydrocarbons (C1-C4 are detected but not
resolved) was followed by a temperature programme of -10
to 320°C at 8°/min, and a final isothermal period of 20 min.
Components were quantified by peak-area comparison with
an internal standard (adamantane, c. 0.5 ^1 of a 0.1 M
solution in CS2) using a HP Chemstation.

513C values of bulk coal samples were obtained using a
continuous flow system, with a Carlo Erba elemental
analyser coupled to a Geo 20-20 mass spectrometer (Europa
Instruments). Bulk coal pyrolysis was performed on a Rock-
Eval 2 instrument.

Rank(Sr) values, derived from either atomic com-
positions or from a combination of calorific values and
proximate volatiles content (Suggate 2000), are used
throughout this article, but limited reference is also made to
Rank(S) values (Suggate 1959) to facilitate comparison with
previous publications. Rank(Sr), vitrinite reflectance, and
Rock-Eval Tmax maturity trends derived from the coals in
Tara-1 and Toko-1 wells are shown in Fig. 2.

RESULTS

Bulk coal data
The 8I3C values of all Tara and Toko coals lie in the range
-24.8 to -26.6%o (Fig. 3). Only at Rank(Sr) values >14 is
there a possible trend of increasing 813C values for the Tara
coals, but there is no clear trend for the Toko coals.

Rock-Eval data for Tara and Toko coals are presented in
Table 1. The parameter BI represents S1/TOC, or the amount
of free hydrocarbons normalised to the C content, and HI
represents S2/TOC, or the hydrocarbon-generating potential
remaining in the kerogen after removal of the free
hydrocarbons. Solvent extraction removes c. 70% of
components contributing to the SI signal in the Tara coals.
The remaining S1 components are probably predominantly
large, relatively polar components (e.g., asphaltene-like
material), but they also contain a proportion of the generated
hydrocarbons that is not amenable to solvent extraction
(either because of strong adsorption or because they are
present in pores that are inaccessible to the solvent).
Evidence for the latter is that solvent extracts c. 35% of the


