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Abstract
Declining conventional hydrocarbon reserves coupled with technological advances and
growing energy demands have triggered a shift in exploration of energy-rich Australian basins,
with a progressive focus on unconventional energy sources, such as coal seam gas, shale gas
and enhanced geothermal systems. Unconventional play viability is often heavily dependent
on the presence of secondary permeability due to interconnected natural fractures, as they
commonly exert a prime control over total permeability due to low primary permeabilities. The
structural permeability of the Northern Perth, South Australian Otway, and Northern Carnarvon
basins are characterised using an integrated approach combining geophysical wellbore logs,
seismic attribute analysis and detailed structural descriptions of core and outcrop. Integration
of these methods allows for the identification of faults and fractures over a range of scales,
providing crucial permeability information. New stress orientation data is also interpreted, and
allows for stress-based predictions of fracture reactivation to be made.
This study represents the first attempt at generating a database of fracture properties for
Australian sedimentary basins through the combination of several methodologies, and
addresses three significant scientific questions: 1) What are the main factors controlling
fracture reactivation in Australian basins? 2) Can 3D seismic attributes be used to identify
natural fractures in the subsurface beyond the wellbore? And, 3) Are electrically conductive
fractures in image logs actually open to fluid flow?
This study demonstrates that distinct correlations exist between natural structural
fabrics identified in 3D seismic attribute analysis and the natural fractures identified through
interpretation of electrical resistivity image logs from petroleum wells, and supports the
supposition that similar features at different scales are being identified. Fracture reactivation
within the studied basins, in particular the Otway and Carnarvon basins, shows that fracture
reactivation can become complex, and depend not only on the in-situ stress regime but also
fracture fills, as well as local and regional structures. Natural fractures identified on image logs
as being electrically conductive are generally assumed to be hydraulically conductive.
However, Otway Basin core shows open fractures are rarer than image logs indicate, and this
is likely due to the presence of fracture filling siderite. Siderite is an iron-carbonate mineral
that may cause fractures to appear hydraulically conductive on image logs.
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The techniques outlined herein represent an effective method by which potential
structural permeability can be assessed on a regional scale with various levels of data
availability. This is demonstrated in several case studies of Australian sedimentary basins
featuring varying datasets. Basin-wide structural permeability is constrained using a variety of
data, ranging from predominantly using image logs supported by 3D seismic, to performing a
basin-wide assessment using image logs, 3D seismic, core, and outcrop studies.

ii

Table of Contents
Declaration………………………………………………………………………….....……….v
Statement of Authors Contribution……………………………………………………...…....vi
Acknowledgements……………………………………………………………..……………vii
1. Contextual Statement…………………………………………………………….……1
2. Literature Review…………………………………………………….………………..9
3. References…………………………………………………….……………………...35
4. First Author Journal Publications
PAPER 1: Incompatible stress regimes from geological and geomechanical
datasets: can they be reconciled? An example from the Carnarvon Basin, Western
Australia..…………………………………………………………………..….…44
PAPER 2: Remote sensing of subsurface fractures in the Otway Basin, South
Australia…..…………………………………………………………………..….79
PAPER 3: Extending interpretations of natural fractures from the wellbore using
3D attributes: The Carnarvon Basin, Australia…………………………………104
PAPER 4: Defining structural permeability in Australian sedimentary basins…130
5. Thesis Conclusions.…………………………………………………………..….…. 163
6. Additional Publications
EXTENDED ABSTRACT 1: Variation of natural fracture orientations in the
Carnarvon Basin’s Rankin Platform and Dampier Sub-Basin, NWS, Western
Australia…………………………………………………..……………... ..... ..... 167

iii

SUPPORTING PAPER 1: Integration of structural, stress, and seismic data to
define secondary permeability networks through deep-cemented sediments in the
Northern Perth Basin…………………………………………………..……… 172

iv

Thesis Declaration
I certify that this work contains no material which has been accepted for the award of
any other degree or diploma in my name, in any university or other tertiary institution and, to
the best of my knowledge and belief, contains no material previously published or written by
another person, except where due reference has been made in the text. In addition, I certify that
no part of this work will, in the future, be used in a submission in my name, for any other
degree or diploma in any university or other tertiary institution without the prior approval of
the University of Adelaide and where applicable, any partner institution responsible for the
joint-award of this degree.
I give consent to this copy of my thesis when deposited in the University Library, being
made available for loan and photocopying, subject to the provisions of the Copyright Act 1968.
The author acknowledges that copyright of published works contained within this thesis
resides with the copyright holder(s) of those works.
I also give permission for the digital version of my thesis to be made available on the
web, via the University’s digital research repository, the Library Search and also through web
search engines, unless permission has been granted by the University to restrict access for a
period of time.

.

.
Adam Henry Edward Bailey

Date

v

Statement of Author’s Contribution
The research summarised in the papers that constitute this thesis was undertaken within
the Seismic, Structure & Stress (S3) Research Group at the Australian School of Petroleum
(consisting of Dr. Simon P. Holford, Dr. Rosalind C. King, Dr. Khalid Amrouch, Dr. Stijn
Glorie, Prof. Alan Collins, and numerous honours and PhD students) and with external
collaborators at BP Petroleum (Dr. Guillaume Backé), Ikon Science (Dr. Scott Mildren), and
the South Australian Centre for Geothermal Energy Research (Prof. Martin Hand). Hence all
the papers presented herein are co-authored by either members of this research group and/or
external collaborators. Detailed statements of their relative contribution are included prior to
each publication. These are endorsed by the co-authors.

vi

Acknowledgements
This thesis is a collection of my research into structural permeability in Australian
Basins carried out while undertaking study towards a PhD at the Australian School of
Petroleum (ASP) at The University of Adelaide. I have been privileged to be immersed in such
an environment, and have benefitted immensely from my time at the ASP, having had the
opportunity to work alongside world-class researchers and present my own research at
numerous major international and national conferences. This would not have been possible
without the ongoing support and encouragement of a range of people.


My Supervisors Dr. Rosalind King and Dr. Simon Holford - I cannot begin to
address how grateful I am to both of you for your enthusiasm, encouragement, time,
and effort over the past three and a bit years (or four and a bit for Ros). Thank you
for not only roping me into this PhD malarkey in the first place, but for never
wavering in your commitment to seeing me through to the end. You have both been
amazing through the entire experience, providing me with endless opportunities to
expand my horizons, knowledge, and abilities. Your encouragement has seen me
enjoy travel, demonstrating, presenting, field work, and countless other
opportunities. More than anything, you’ve both been all the support I could ever
ask for, and been great friends through the entire process. Thank you Ros and
Simon.



My Principal Supervisor, Prof. Martin Hand – Thank you Martin for the support
you provided for my research. This thesis would be much poorer without your
enthusiasm and belief.



Dr. Jerry Meyer – Jerry, although you weren’t technically involved in my research,
your support made it all possible. Your troubleshooting of JRS saved me time and
again, as did your constant willingness to help with interpretation. Your experience
and knowledge helped see me through frustration. I would also like to thank you,
Dr. Scott Mildren, Dr. Oliver Bartdorff, and all the staff at JRS Petroleum
Research (now Ikon Geomechanics) for stimulating my interest in geomechanics
in the first place. A better work place I have never known, your friendship and
professionalism will forever motivate me.

vii

Dr. Guillaume Backé – Guillaume, without your interest I would never have even
considered a PhD, so thank you for helping to push me in the right direction. Your
help during my honours year and since helped immeasurably.
Seismic, Structure & Stress (S3) Research Group – Thanks to everyone involved
in our research group for all the excellent discussions and support over the past few
years.
Sponsors – Thanks to the South Australian Centre for Geothermal Energy Research
for supporting and funding my research. Thanks also to the Australian Society of
Exploration Geophysics (ASEG) for their funding (ASEG Research Foundation
Project RF12P01) that enabled me to attend short courses and to present my
research at both national and international conferences. I would also like to thank
the Australian Petroleum Production and Exploration Association for considering
both me and my research worthy of the K.A. Richards award. My Supervisors and
I would like to thank dGb Earth Sciences for the provision of OpendTect software
and JRS Petroleum Research (now Ikon Geomechanics) for the provision of JRS
Suite. We are also grateful to the South Australian Department of State
Development and the Western Australian Department of Mines and Energy for the
provision of well and seismic data.
The Examiners – Thank you to Dr. Thomas Flottman and Dr. Scott Reynolds,
your feedback from and following the examination process has helped improve my
work, and the time you clearly spent poring over this thesis is very much
appreciated. Thanks also go to all of the reviewers involved, both official and
unofficial, in the publication process with each paper.
My Friends – There are too many people to name everyone individually, but thank
you to everyone at the ASP and in Geology and Geophysics for your support,
friendship, and all too often shared misery. In particular thanks go to Josh Sage and
Jeremy Schulz; better housemates I couldn’t even begin to imagine. The fact that
you’re both smarter and better at geology than me certainly helped, but more than
anything your friendship and unwavering support through so many events made
everything a lot easier. Thank you. Thanks also to Rowan Hansberry for all the
laughter, tins, and serious discussions over the years. Bonnie Henderson, thanks
for always putting things into perspective for me. Jacinta Oulton, thank you for
your support and love, as well as your efforts to keep me grounded in reality as
much as possible.
viii



My Family – Although half a continent away, my parents were always there.
Thanks for all your love, support and guidance, not only over the years of my PhD,
but throughout my whole academic life. Thank you for letting me make my own
mistakes and for supporting me afterwards. Thank you to my grandmother, taken
too soon, for inspiring me to think and try my hand at things.



Everyone Else – To everyone that I’ve ever whinged to, sought help from, or that
has been involved in some capacity. To the person that inspired me to make the leap
to Adelaide, restart my studies, and drove me to improve myself. There have been
hiccups along the way, but this thesis is testament to the fact that I’m better for
having known you. Thank you.

ix

