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Abstract
Since the early part of the 20th century, many countries have attempted to diversify their
energy resources through exploiting their unconventional hydrocarbon reserves. These
include oil shales, native bitumen, oil sands and tar sands. Oil shale, in particular, has
received significant interest over recent decades due to the potentially huge reserves stored
within this type of resource. Traditional assessment of oil shale deposits is dependent on the
analytical technique Source Rock Analysis (SRA), but there are recognised limitations to this
technique.
The hypothesis of the current study was that a novel and non-conventional analytical
tool would be better suited to assess the hydrocarbon potential of oil shales than conventional
SRA. The overall objective of the study was to define a scientifically comprehensive
production potential model for non-conventional source rocks using a suite of physical (XRD,
organic petrography), thermal (LOI, LECO, TGA) and chemical analytical techniques (FTIR
and GC-MS of the solvent-extracted bitumen phase). These techniques were used to
characterise international reference shales from the USA (Green River Formation, GRF),
Pakistan (Salt Range oil shale, Mir Kalam Kala and Speena Banda oil shale) and China
Qianjiang Formation), and shales from New Zealand (Waipawa Formation and Orepuki oil
shale). Analysis of each rock by SRA allowed for ranking of the petroleum potential, with the
GRF, Orepuki oil shale, and two of four locations from the Waipawa Formation, being
inferred as good potential source rocks.
Physical characterisation of the rocks showed that the content of illite in an oil shale is
inversely proportional to the hydrocarbon content of the rock. The absence of illite can
therefore be used as an index of production potential, and allowed ranking of the petroleum
potential of the rocks which was in good agreement with SRA. Organic petrography linked
production potential to the presence of macerals in polished sections prepared from selected
rocks of the study and provided strong evidence for the environment of deposition of these
samples.
Thermal analysis showed that the abundance of organic matter and total organic
carbon (TOC) are directly proportional to the oil production potential of an oil shale provided
the oil shale is not post mature. Samples with good SRA-defined production potential had
LOI and TOC values in excess of 5% and 2.5% respectively, and a weight loss due to
decomposition of kerogen (WB) of 7%. There was a clear distinction between the good and
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poor production potential source rocks, with the Pakistan samples showing low values in each
of these parameters. The TOC of the Chinese oil shale provided fan ambiguous interpretation,
but further investigation defined this rock as post-mature.
Chemical analysis showed that the relative aliphaticity and aromaticity of the bitumen
phase extracted by dichloromethane was higher for the highly SRA-ranked shales. No
aromatic bands were identified in the low to non-producing oil shales. A direct relationship
between the relative content of the constituent chemical compounds of bitumen (alkanes,
cycloalkanes, aromatics and heteroatom compounds) and production potential was also
observed, and the GC-MS data provided information on the likely quality of oil that might be
extracted from an oil shale. The trend in relative aliphaticity and aromaticity of the rocks was
consistent under both FTIR and GC-MS analysis.
To formulate the non-conventional production potential model, cut-off values were
selected using the SRA-defined production rankings. Good production potential is inferred
through LOI >5%, TOC >2.5% and WB >7%. The presence or absence of illite in the clay
fraction, and the presence of both aliphatic and aromatic bands (FTIR) and the four
constituent chemicals in the bitumen extract (GC-MS), were defined as qualitative cut-off
values. Organic petrography is not integrated into the model at the current time, but provided
strong data on the origin of deposition of a shale rock. These cut-off values were integrated
into a model that defines a sequence of analytical steps. The analytical techniques become
progressively more complex as the potential of a sample becomes more certain. A sample is
defined as having good production potential if it meets all criteria.
The non-conventional production potential model was then used to interpret the
analytical results obtained through analysis of the Orepuki oil shale and Waipawa Formation
shale rocks. The Orepuki oil shale was found to be an oil shale, rich in organic matter with
excellent production potential. The Waipawa Formation was similarly found to be an oil
shale, with good petroleum potential for two of the four outcrop locations analysed.
The conclusions from the non-conventional production potential model were
consistent with those inferred by SRA. But the model yields superior understanding regarding
the production potential of the Orepuki oil shale and Waipawa Formation. The low illite
content, origin of deposition of these formations, degree of richness of the constituent organic
content, and the inferred quality of oil which may be derived from its bitumen, are key
information that cannot be obtained from SRA.
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