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not held up due to late approvals.
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is on authors to advise Terri Duncan of any changes in paper title, or author line-up. There will be no reference
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A Petrography-Based Model of Igneous and Hydrothermal Activity in Diverse
Petroleum Basins
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Geochemical Consulting LLC, USA
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Submitted for Oral Presentation

Jane Newman (email xxxx@xxxx.com) phone: +64-XXXXXX

This paper has not been presented before

|
Abstract

Organic and inorganic petrography of rock samples from exploration wells worldwide shows that convective
heat flow resulting from movement of hydrothermal fluids is an important process in many petroleum basins.
Pyrolytic carbon and coked organic matter provide evidence that this hydrothermal activity is often associated
with igneous intrusion. VIRF (vitrinite-inertinite reflectance and fluorescence) analysis sensitively reveals
complex maturity profiles in sedimentary basins affected by hydrothermal activity. Accurate characterisation
and interpretation of these hydrothermal signatures requires petrographic analysis of the entire stratigraphic
succession.

Initial models of burial history and hydrocarbon generation for Clipper-1 assumed a steady state geotherm
controlled by basal heat flow and predicted maximum hydrocarbon generation from coaly source rocks during
the Pliocene. At Parshall Field in the Williston Basin the Devonian Bakken Formation source was thought to be
only marginally mature, and much of the reservoired oil was consequently assumed to have migrated from
higher maturity areas further west. Although vitrinite reflectance (VR) for both successions was broadly
compatible with these models, VIRF analysis shows that VR substantially underestimated maturity. This is
partly because standard VR relies on visual identification of vitrinite based on morphology, which is notoriously
ambiguous in the dispersed organic matter (DOM) assemblages of many sedimentary rocks. The maturity of
DOM in black shales, which are important source rocks in many hydrocarbon plays, is routinely
underestimated due to measurement of vitrinite-like populations that have lower reflectance than true vitrinite.
Also, the maturity of DOM in some paleo-aquifer units has been “write-protected” by brief exposure to igneous-
associated volatiles at the onset of intrusion. Failure to recognise these paleo-maturity signatures results in
under-estimation of burial temperatures. Correct identification of complex maturity profiles is critical for
accurate burial history modelling.

To summarize, petrography is a cost effective and uniquely visual technique that allows direct and detailed
observation of key igneous and hydrothermal characteristics. However, it is typically undervalued and under-
resourced resulting in an inferior product that fails to show the true potential of the technique. When
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petrographic analysis integrates mineralogy, microstructure, and maturity, as in the Clipper-1 and Long 1-01H
examples, it provides powerful new information regarding geological controls on maturation and hydrocarbon
generation. For example, Long 1-01H petrography shows that Bakken source rocks in the Parshall Field have
higher maturity than previously thought, which obviates the need for substantial migration to explain full
saturation of the middle Bakken with petroleum. Furthermore, the petrography of Clipper-1 shows that the
coaly source rocks are over-mature and reveals a remarkable suite of previously unrecognised melt rocks and
mineral assemblages that are now being used as markers for igneous intrusion and associated hydrothermal
activity in petroleum basins worldwide.
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