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ABSTRACT 

The Early Cretaceous Eumeralla Formation is regarded as an ineffective regional top seal in 

the Otway Basin, largely due to sand interbeds providing preferential hydrocarbon migration 

pathways. A deeper water lacustrine facies consisting of interbedded siltstones and claystones 

and massive claystones is developed at the base of the Eumeralla Formation in some wells. 

This interval (Unit VI) was deposited within a transgressive to early highstand systems tract 

and has better sealing properties than the other overlying Eumeralla Formation intervals.  

 

Theoretical gas column heights that the various Eumeralla Formation facies can support were 

calculated from mercury injection capillary pressure (MICP) analysis. Results range from 4 

meters to 812 meters, and indicate that the fine-grained, lower Eumeralla Formation intervals 

have a higher seal capacity than the sand rich upper Eumeralla facies. However, the 

floodplain-dominated sediments commonly developed within the lower Eumeralla Formation 

are coal-rich and therefore associated with a high risk of brittle failure. Shallow lacustrine 

sediments have higher seal integrity, but are lithologically variable with extensive secondary 

porosity developed from dissolution of feldspar. The deeper lacustrine Unit VI provides the 

best Eumeralla seal for potential Katnook Sandstone and Windermere Sandstone Member 

reservoirs. Unfortunately, Unit VI is the only Eumeralla facies that is not developed entirely 

throughout the South Australian Otway Basin.   

 

The gamma ray log is generally unable to identify Eumeralla sandstone interbeds due to the 

sand’s high volcanoclastic content. An integration of log data with seismic data, palynology, 

conventional core, and sidewall core and cuttings descriptions has enabled the seal geometry 

of the Eumeralla Formation to be determined. The deeper lacustrine Unit VI is locally 

developed in the St Clair Trough and on the flank of the Merino High. It is absent in the 

central Penola Trough and the Robe Trough, but could potentially be developed within the 

undrilled southern Penola Trough and in the Tantanoola Trough. Unit VI occurs preferentially 

in basins formed on the hanging wall of half grabens during late rift to early sag.  

 

The risk of top seal fracturing is considered high in the Robe Trough, and the Eumeralla 

Formation is very sandy in the central Penola Trough. Good seals are likely to be developed 

in the southern, predominantly offshore Otway Basin where Eumeralla sediments are 

generally deeper, and therefore more affected by mechanical compaction and diagenesis. 



STATEMENT OF AUTHENTICITY 

 

 

 
This work contains no material which has been accepted for the award of any other degree or 

diploma 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. 

 

I give consent to this copy of my thesis, when deposited in the University library, being 

available for loan and photocopying. 

 

 

 

 
Lotte Svendsen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ACKNOWLEDGEMENTS 

 
There are several people who have contributed and provided valuable support throughout the 

course of this project. Firstly, I would like to thank my supervisor John Kaldi for offering me 

a scholarship and for convincing me that further studies in Australia was a good idea. You 

have been a great encouragement during the years I have spent both as an employee and as a 

student at the NCPGG/ASP. A special thanks goes to my supervisor Tobi Payenberg, who got 

involved in this project at a later stage, and ensured the project evolved in a direction that 

suited my interests. Your advice and assistance, particularly on the sedimentology and 

sequence stratigraphy, have been invaluable. Special thanks also to Peter Boult at PIRSA for 

conducting the background research and for presenting the ideas behind this project in the 

first place. I really appreciate that you have taken your time to review my work along the way, 

as well as provided great ideas and enthusiasm.  

 

I would like to thank the APCRC and all of the past and present sponsors of the APCRC Seals 

Program – Anadarko, BHP Billiton, Chevron Texaco, Exxon Mobil, JNOC, Marathon Oil, 

Origin Energy, Santos, OMV, Statoil and Woodside. This work could not have been done 

without your support. Thanks also to Origin Energy for providing seismic and well data, and 

Primary Industries & Resources South Australia for assisting with sampling and for providing 

additional data. Thanks to Eddie Resiak and Kevin Turner at Geoscience Australia and Dee 

Ninis at the Victorian Department of Mines for assistance during core sampling.  

 
I would like to thank Ric Daniel at the ASP for demonstrating and assisting with sample 

preparation, and for always being helpful and willing to discuss microscope work and 

analysis. Thanks also to Simon Lang for providing very useful ideas and comments when just 

passing by my desk or whenever approached. Thanks to Andy Mitchell and Catherine 

Gibson-Poole for loading seismic and well data and for showing patience when things do not 

work. I also want to thank Gillian Kovack for helping with the seal capacity work.     

 

Finally, thanks to everyone at ASP! I have enjoyed my time here, very much because of you 

guys. To my family and friends in Norway, thanks for always supporting me even though I 

live far away. 

 



TABLE OF CONTENTS 
 

ABSTRACT         II 

STATEMENT OF AUTHENTICITY     III 

ACKNOWLEDGEMENTS       IV 

1    INTRODUCTION       8 

1.1  Project Rationale       9 

1.2  Aims and Objectives      11 

1.3  Otway Basin Exploration      13 

1.4  Prospectivity of the Eumeralla Formation    14 

2    GEOLOGICAL SETTING      15 

 2.1  Tectonic History       16 

  2.1.1  Basement       17 

  2.1.2  Late Jurassic – Early Cretaceous Rifting   18 

  2.1.3  Late Cretaceous – Tertiary Oceanic Rift   19 

  2.1.4  Fast Seafloor Spreading (Eocene - Recent)   20 

 2.2  Otway Basin Stratigraphy      20 

  2.2.1  Crayfish Group      21 

  2.2.2  Eumeralla Formation     22 

2.2.3  Sherbrook Group      22 

  2.2.4  Wangerrip Group      22 

  2.2.5  Nirranda and Heytesbury Groups    23 

2.3  Main Mesozoic Structural Elements     23 

3    METHODOLOGY       25 

 3.1  Data Base and Sampling      26 

  3.1.1  Seismic Data      26 

3.1.2  Palynology      26 

3.1.3  Wireline Logs      27 

  3.1.4  Formation Tops      29 

3.1.5  Conventional Core     31 

 3.2  Laboratory Analysis      31 

3.2.1  X-Ray Diffraction Analysis    31 

3.2.2  Quantitative Clay Fraction Analysis   31 

3.2.3  Scanning Electron Microscopy    32 

3.2.4  Thin Section Analysis     32 

4    EUMERALLA FORMATION FACIES AND DISTRIBUTION 34 



 4.1  Previous Work       35 

4.2  The Crayfish Unconformity      37 

4.3  Windermere Sandstone Member     37 

Description       37 

Interpretation       40 

4.4  Eumeralla Formation Unit VI     45 

Description       45 

Interpretation       46 

 4.5  Unit V        46 

Description       46 

Interpretation       55 

4.6  Unit IV        57 

Description       57 

Interpretation       57 

 4.7  Unit III        57 

Description       57 

Interpretation       60 

4.8  Unit II        60 

Description       60 

Interpretation       62 

 4.9  Unit I        62 

Description       62 

Interpretation       62 

4.10  Seismic facies       62 

4.11  Discussion of Eumeralla Facies     64 

4.11.1 Facies Interpretation     64 

4.11.2 Facies Distribution and Geometry    65 

4.11.3 Depositional Model Unit VI    67  

5    EUMERALLA SEALS IN A SEQUENCE STRATIGRAPHIC 

FRAMEWORK        72 

 5.1  Rift Lake Evolution       73 

5.2  Eumeralla Formation Systems Tracts    76 

 5.3  Seals and Systems Tracts      77 

6    EUMERALLA FORMATION SEAL POTENTIAL   83 

6.1  Introduction                               84 
6.2  Seal Capacity                               84 



  6.2.1  Principles of Capillary Pressure    84 

6.2.2  MICP Analysis and Methodology                                        85 

6.2.3  Calculation of Hmax     87 

6.2.4  Seal Capacity Results      90 

6.2.5  Discussion of Seal Capacity Results   91 

6.2.6  Mineralogy and Seal Capacity    94 

6.3  Seal Geometry       95 

6.4  Discussion of Seal Integrity      97 

6.4.1  In Situ Stress and Structural Curvature   97 

6.4.2  Cap Rock Strength                             98 

6.4.3  Effect of Smectite-Illite Transition on Seal Integrity 99 

6.4.4  Geomechanical Risking Strategies                            99     

6.4.5  Mechanical Properties of Eumeralla Intervals  100 

6.5  Seal Potential       101 

6.6  Seal Prediction – Implications for Exploration   102

 6.6.1  Onshore Otway Basin     102 
 6.6.2  Offshore Otway Basin     104 

7    CONCLUSIONS        105 

8   RECOMMENDATIONS       110 

REFERENCES        113 

APPENDICES        126 

 APPENDIX A  –  XRD DATA      126 

 APPENDIX B  –  CORE LOGS      145 

APPENDIX C  –  CORE PHOTOS     168 

 APPENDIX D  –  MICP DATA      185 

 

 

 




