
Remote Sensing of Subsurface Fractures: A South Australian Case Study* 
 

Adam Bailey
1
, Rosalind King

2
, Simon Holford

1
, Joshua Sage

2
, and Martin Hand

3 

 

Search and Discovery Article #41694 (2015)** 
Posted October 12, 2015 

 
*Adapted from oral presentation given at AAPG 2015 Annual Convention and Exhibition, Denver, Colorado, May 31 – June 3, 2015 

**Datapages © 2015 Serial rights given by author. For all other rights contact author directly. 

 
1Australian School of Petroleum, University of Adelaide, Adelaide, South Australia, Australia (adam.bailey@adelaide.edu.au) 
2School of Earth and Environmental Sciences, University of Adelaide, Adelaide, South Australia, Australia  
3South Australian Centre for Geothermal Energy Research, University of Adelaide, Adelaide, South Australia, Australia 

 

Abstract 

 

South Australia's Penola Trough was used as a natural laboratory for the detection of naturally occurring fractures, following an integrated 

methodology, which included identification and interpretation of fractures in wellbore image logs and core, and the remote detection of 

fractures in a 3D seismic volume. In this study, electrical resistivity image logs from 11 petroleum wells were interpreted for structural 

features, with 508 fractures and 523 stress indicators identified. Stress indicators demonstrate a mean maximum horizontal stress orientation of 

127°N in the Penola Trough. Two fracture types were identified: 1) 268 electrically conductive (potentially open to fluid flow) fractures with 

mean NW-SE strikes, and; 2) 239 electrically resistive (closed to fluid flow) fractures with mean E-W strikes. Core recovered from Jacaranda 

Ridge-1 shows open fractures are rarer than image logs indicate, due to the presence of fracture-filling siderite. Siderite is iron-rich, electrically 

conductive cement that may cause fractures to appear hydraulically conductive in resistivity-based image logs. Fracture susceptibility plots 

created using the defined stress orientation, and previously derived magnitudes, illustrate that the majority of fractures detected are favourably 

oriented for reactivation under in-situ stresses. However, it is demonstrated that fracture fills exert a primary control over which fractures are 

open to fluid flow in the sub-surface. As natural fractures generally lie below the resolution of seismic amplitude data, seismic attributes were 

calculated from the 3D Balnaves/Haselgrove survey and mapped to the target Pretty Hill Formation to enhance observations of structural 

fabrics. Linear discontinuities likely to represent faults and fractures were identified with orientations consistent with natural fracture 

orientations identified in image logs, striking E-W and NW-SE. However, these are mostly limited in extent to zones around larger faults and 

so likely represent damage zones. Additionally, it is unlikely that a large proportion of these fractures are open to fluid flow, given observations 

from core and image logs. This limits possible fracture connectivity and, therefore, the possibility of significant secondary permeability in the 

Penola Trough. This integrated methodology provides an effective workflow for the remote detection of natural fractures, and for determining 

whether those fractures are hydraulically conductive. 
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Presenter’s notes:  

- Rifting began in the Bight Basin in Middle Jurassic, spread to Otway and Gippsland by Late Jurassic 

- Penola Trough is defined by large east to west striking normal faults  

- extensive inversion and uplift observed through the Otway Basin, however, the Penola Trough shows little evidence of this  

- Debate around strike-slip or reverse (King et al 2012) 

- Site of ongoing petroleum and geothermal exploration. 

- Natural laboratory 
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Presenter’s notes:  

- Pretty Hill 

- conductive with approximate northwest to southeast strikes  

- 100 are resistive striking approximately east to west 
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Presenter’s notes:  

- 44 fractures being observed in the 20.5 m section  

- nine fractures were open  

- 29 sealed by cataclasites mineral deposition or a fused fault gouge material  

- six were sealed with cement that included visible siderite mineralisations 
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Presenter’s notes: 

- Siderite is an iron-carbonate mineral and so is likely to appear as electrically conductive on image logs  
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Presenter’s notes: 

- covers a large area of the Penola Trough, interpreted wells 

- relatively good for an onshore survey, several large igneous intrusions shadowing underlying sediments  

- Pretty Hill Formation, a primary target reservoir within the Penola Trough, identifies a structural fabric that is mostly constrained to the local area of larger faults  
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Presenter’s notes: 

 - Pretty Hill Formation, a primary target reservoir within the Penola Trough, identifies a structural fabric that is mostly constrained to the local area of larger faults  
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Presenter’s notes: 

- Siderite has been previously identified in the three basins  

- Identifying siderite not as simple as looking for electrically conductive fractures not oriented for reactivation 

- It is equally likely such fractures could be stress-insensitive fractures  

- Fractures inferred to be open to fluid flow are also possibly reactivated by high mud weights during well operations, and may not be representative of the fracture away from the wellbore  
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Presenter’s notes:  

- significantly stronger than the surrounding host rock due to preferential cementation  

- Fault strength can increase above that of the host lithology through significant cementation, resulting in the creation of new fractures within the host rock, rather than reactivation of existing fractures, due to        

deformation from reactivation being preferentially partitioned into the weaker host sediments  

- these strengthened fractures are likely represented in fracture reactivation plots as optimally oriented resistive fractures 
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Presenter’s notes:  

- an integrated geological and geophysical approach making use of wellbore image log data, 3D seismic attribute analysis, and observations of both core and outcrop  

- an effective method by which structural permeability can be assessed with various levels of data availability  

- Each basin has different controls on the initial formation of fractures and which fractures are likely to be open to fluid flow at the present day  
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Presenter’s notes: 

- The power-law relationship makes it likely that those smaller-scale features are due to similar geological phenomena 
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Presenter’s notes:  

- In the Northern Perth and Otway Basins, increased fluid flow has been observed in areas hosting large numbers of electrically conductive fractures.  

- Northern Perth Basin: fluid losses interpreted as drilling mud being conducted away from the wellbore by open natural fractures  

- Otway Basin: increased fracture densities have been demonstrated to correlate to increased gas flows in petroleum wells 
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