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Abstract

Three major petroleum families are evident in the Bonaparte Basin. Oils of the Petrel sub-basin from the Turtle and Barnett fields
are distinctly different from Vulcan sub-basin oils of the Jabiru, Challis, Puffin, Skua, and Talbot fields. These families are
labeled L/G: Transitional Carboniferous Shales and W2V: Westralian 2 Jurassic Shales on the Dendrogram and PCA plots.
Members of the third o1l family (OSahulO) are from the Sunrise-1 well and perhaps the Swan and Troubadour tests. The PCA
plot also indicates which geochemical variables are responsible for the separations of the various oil families. Petrel sub-basin
Family L/G contain relatively high values for steranes/hopanes (S/H), C24/C23 tricyclic terpane ratio, and bisnorhopane (C28/H)
while Vulcan Family W2V has higher values of terrigenous markers such as C19/C23 tricyclic terpane ratio, %C29 sterane and are
more waxy (higher n-C27/n-C17 ratio). As expected, the carbonate/marl-sourced Sunrise oil has a high norhopane/hopane
(C29/H) ratio and low diasteranes (S1/S6) and diahopanes (X/H). The Summary Table lists the oil samples and field names
within each family as determined by the various cluster and principal component analyses. In addition, the oils are listed in order
of increasing thermal maturity based on C27 terpane Ts/Tm ratios within each sub family. DM/H is a measure of the relative
amount of demethylated hopane and indicates severe paleobiodegradation; Family L/G (Petrel Barnett and Turtle fields) contains
high values for this marker. Examining the carbon isotope data of Family W2V, it becomes apparent that the three Puffin oils
have anomalous heavy values compared to the other W2V oils. Therefore, the Puffin oil Cretaceous reservoirs have been charged
with oil from at least two different sources. The primary source is that which generated the rest of the W2V oils (e.g., Challis and
Jabiru oils) containing the biomarkers which grouped the Puffin oils within Family W2V. In addition, a mature oil, containing
very low concentrations of biomarkers, but 1sotopically heavy in the bulk hydrocarbon fractions, mixed with the W2V oil source.
A more mature Petrel oil (AU353), of likely Permian origin, with its heavy isotope composition, may be the other source. The
Terpane Maturity plot illustrates thermal maturity trends within the different oil families by plotting the C27 and C29 terpane
maturity parameters Ts/Tm. These parameters can also be source dependent, and it i1s not usually valid to compare maturities
between different families. Jabiru oils are much more mature than the other members of Family W2V. Talbot and Skua oils are
the least mature with Challis intermediate. Family L/G oils show another maturity trend consistent with a different source. The
large size of the Tern and Petrel (Gondwanan) gas and condensate fields, together with the nearby occurrence of Turtle/Barnett
(L/G Transitional) oil family show that the Paleozoic petroleum systems of the region are effective. The isotopic anomaly
detected in the Puffin oils also suggests that older rocks may have contributed hydrocarbons to some Mesozoic accumulations.
For these reasons, Paleozoic sources should not be discounted in Bonaparte Basin play evaluation.
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