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• Geological setting and conceptual model for McArthur River 
deposit

• Previous modelling work
• Fluid flow driven by temperature, salinity and topography

• This study: Adding deformation to the models
• Model results

• Deformation can override convection
• Geometric variations influence convective flow patterns
• How to get sufficient flow through source rocks?

• Conclusions and future directions
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Outline
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McArthur River Deposit: Geological setting
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McArthur River Deposit: Stratigraphy

After Garven et al. (2001), Large et al. (1998)

• Hosted in 1640 Ma Barney Creek 
Formation (McArthur Group)
• Dolomitic siltstones
• Anoxic, sub wave base deposition

• Underlain by thick platform carbonate 
sequence

• Metals sourced from Tawallah Group 
volcanics, transported through Tawallah 
Group sandstones
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McArthur River Deposit: Conceptual model

After Garven et al. (2001), Large et al. (1998)

1. Oxidised basinal brine
2. Metals leached from volcanic units
3. Brine returns to seafloor via Emu fault
4. Deposition in anoxic sediments, at or 

just below seafloor
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• Topography
• Existed in Tawallah Group times; possibly some topography at 

BCF times
• Salinity

• Various evaporites in the basin
• Varying salinity at seafloor

• Temperature (thermal convection)
• Deformation

• Compression squeezes fluids out (up)
• Gravitational compaction

• Extension (dilation) draws fluids in (down)
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Fluid flow drivers

This study



• Simple stratigraphy
• Fluid flow drivers: thermal convection, 

salinity, topography, overpressure
• Fluid flows DOWN Tawallah fault, 

through aquifer, and UP Emu fault
(Garven et al. 2001; Yang et al. 2004)
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Previous modelling studies: 2D
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• Convection restricted 
to faults

• Cross fault required 
to obtain flow 
between Tawallah 
and Emu faults

• Very little flow in the 
host rocks

(Yang 2006) 
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Previous modelling studies: 3D
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Model geometry

BCF Carbonates (McArthur Grp)

Aquifer (Tawallah 
Grp)

Clastics, volcanics 
(Tawallah Grp) Basement

• Emu and Tawallah Faults strike NNW, dip 80º W
• Cross-fault strikes ENE, dips 80º S
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Model geometry variations

Tawallah Fault: reverse

Tawallah Fault: strike-slip

Tawallah Fault: normal

W E
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Model properties and boundary conditions

• Faults and aquifer have high permeability, other units low 
permeability

• Faults are weak
• Fluid flow: Darcy’s law
• Deformation: Drucker-Prager elastic-plastic with tensile cutoff
• Top: 

• Pressure equivalent to 200m water depth
• Temperature 20º C

• Bottom:
• Impermeable
• Fixed heat flux

• Open-source finite element code MOOSE running on Magnus at 
Pawsey Supercomputing Centre
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Mechanical boundary conditions

N-S extension NW-SE sinistral strike-slip

N N

• Both boundary conditions give normal movement on cross fault, 
sinistral on Emu and Tawallah faults

• Initial strain rate 10-18 s-1, increased to a higher value (10-17 to 10-

12 s-1) after 1013 s (~ 0.32 Myr) 



• Starts at fault intersections
• Propagates outward
• Only in faults; minimal flow outside 

faults13

Result 1: Convection at very low strain rate






• Starts at fault 
intersections

• Propagates 
outward

• Only in faults; 
minimal flow 
outside faults
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Result 1: Convection at very low 
strain rate

0.2 Myr

0.3 Myr

1 Myr



Result 1: Convection at very low strain rate
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Integrated flux in 
aquifer << faults

Integrated flux in aquifer 
concentrated around 
convective upwellings in 
faults

Fluid flows from aquifer into 
faults at convective 
upwellings
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Result 2: Increasing the strain rate

Increasing strain rate from 10-18 to 
10-12 s-1 causes convection to be 
overridden by downward flow
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Result 2: Increasing the strain rate
3.2 years before

6.4 years after3.2 years after

Increasing strain rate from 10-18 to 10-12

s-1 causes convection to be overridden 
by downward flow very rapidly
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Result 2: Increasing the strain rate
Strain rate increased here

N-S extension

NW-SE sinistral

Maximum fluid flux in faults
Strain rate (s-1):
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Result 2: Increasing the strain rate
Strain rate increased here

N-S extension

NW-SE sinistral

Fluid flux at Emu intersection
Strain rate (s-1):
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Result 3: Effect of geometry
Tawallah: Reverse Tawallah: Strike-slip

Tawallah: Normal
Changing thickness of BCF changes flow 
direction at Tawallah fault intersection



• Convection can bring hot brine to the surface, BUT only at low strain rates
• Large thickness of BCF deposited in short timeframe suggests relatively high strain 

rate
• Alternating breccias and fine-grained sediments in BCF might indicate fluctuating 

strain rate; maybe convection occurred during hiatus in deformation?
• BUT faults would be less permeable during hiatus

• Location of convective upwellings is sensitive to geometry
• Convection does not provide sufficient flow through the stratigraphy to account 

for mineralisation (consistent with previous 3D modelling studies)
• We need to explore to other fluid flow drivers:

• Topography
• Salinity
• Compaction
• Inversion or localised transpression?
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Discussion and Conclusions



Contact:

Dr Heather Sheldon

heather.sheldon@csiro.au

Thank you



Displacement on faults
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N-S extension, Y-displacement

N-S extension, Z-displacement

NW-SE sinistral, Y-displacement

NW-SE sinistral, Z-displacement
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