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What are the mechanisms by which 
faults transmit fluids (or not)?

1. Up-fault flow where the fault is in dilatant conditions 
usually assessed through a combination of fault zone 
architecture and in-situ stress

2. Up-fault flow as a result of mechanical fault reactivation.  
This can happen by metamorphism (fluid production), 
tectonism (plate boundaries), buoyancy pressure from 
accumulating hydrocarbon, or production (or injection) of 
fluids that change the effective stress.

3. Across fault flow due to juxtaposition usually assessed by 
stratigraphic architecture and fault throw distribution

4. Across fault flow due to capillary processes usually 
assessed by assessing fault gouge, clay smear and 
cataclasis

5. Lastly can we assess sub-seismic strain?

J.R. Underschultz. (2016). Linking Capillary and Mechanical 
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DOI: 10.1144/petgeo2016-032.
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+ many other publications



(Childs et al., 2009).

Up-Fault Leakage (hydraulic communication) 
Potential

• Fault Zone Architecture 

• In-Situ Stress

Portions of fault out of plane with stress field 
tend to show up-fault migration potential 

often via focused flow paths



after Ward et al., 2001; Ogier-Halim, 2010
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East - West Cross Section

Gloucester Basin East West Cross Section



Stereonet contour of faults and 

fractures dip azimuth in Waukivory11 

well  

Waukivory11 fracture dip range vs 

fracture count

Waukivory11 fracture distribution vs 

depth

Waukivory11 Shmax and fracture distribution along depth

SHmax

Fracture Data Analysis – Waukivory 11

Compression and 
Low Fracture 

Density



Stereonet contour of faults and 

fractures dip azimuth in Waukivory12 

well  

Waukivory12 fracture dip range vs 

fracture count

Waukivory12 fracture 

distribution vs depth

Waukivory12 Shmax and fracture distribution along depth

Fracture Data Analysis – Waukivory 12

Dilatant
and High 
Fracture 
Density



Gloucester Basin Shmax Distribution Map

Gloucester Basin Shmax Distribution Plot

• Large geographic 
variation in Shmax
orientation

• Some Locations where 
Shmax varies 
substantially up the well



Gloucester Basin Faults, Fractures & Stress
Distributions Map

Gloucester Basin Fault & Fractures Distribution Map

• Large geographic 
variation in fault plane 
orientation

• Some Locations have 
multiple fracture set 
orientations



L1-L6 L8

Waukivory 12

Waukivory 14

Waukivory 11

TCMB04

Stratford 8

Hydraulic Head Data per Layer

Waukivory 12

Stratford 8

TCMB04
Regions of 

lateral hydraulic 
gradient

Regions of 
hydraulic 

discontinuity

Wells that show a 
consistent vertical 
hydraulic gradient

Hydraulic sinks next to 
fault zones

Hydraulic sources next 
to fault zones

Upwards flow and discharge is reality checked with DEM



L1-L6 TDS

L1-6 salinity contour and hydraulic head 
reminder

• Multivariate cluster 
analysis was not so 
informative

• Elevated salinity 
anomalies at shallow 
depth were most 
instructive



Conceptual Model: for certain dilatant fault 
segments/damage zone
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Waukivory 12 on 
Seismic Section

Seismic and well section showing structural complexity, in-situ 

stress and fracture character variation along depth

Complex 
of Faults

Possible 
hydraulic 

connection?

Interpretation courtesy Jeff Copley



Region of sealing faults



Region of leaking faults



• Changes in water chemistry are subtle

• There is some indication that TDS can help characterise 
the flow systems near faults e.g. previous slide.

• Damage zone permeability appears to be key to up 
fault fluid flow in a block of 1 mD permeability rock 
volume

• Needs more detailed zooms for fault zone architecture 
at more key locations

Takeaway messages



Thank you
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