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Three-dimensional geodynamic modeling 
of the Southern Alps of New Zealand: 

Integrating models and observations to 
understand crustal rheology



Rheology and boundary conditions

Vertical and horizontal strain distribution within oblique convergence reflects:

Imposed tectonic and/or surficial boundary conditions transmitted via the 
rheological structures of the deforming crust
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Canterbury
• Narrow orogen

• Inherited strong lower crust

Transition zone
• Co-existence of orthogonal thrusting 
directions

• Highest rock uplift rates against the 
plate boundary

Otago
• Wide orogen

• Inherited weak lower crust

Southern Alps of New Zealand – Along strike variation



Three-dimensional model of the Central Southern Alps

1 – Inherited Rheological Variation





Koons et al., in review



Cartesian normal strain components
Map slices at 25 km depth

Upton and Koons in review



Three-dimensional model of the Central Southern Alps

2 – Transient Rheological Variation

MT anomaly interconnected 
fluids of a likely metamorphic 

origin
Wannamaker et al., 2002



STRONG
• Region of highest uplift rates and greatest topography 
coincides with the intersection of the pore pressure anomaly 
and the boundary between a weak and a strong lower crust.

• The Main Divide region is associated with a region of 
dilatationWEAK

Pore pressure distributions - 3





Callary gold, formed in extensional sitesTension gashes, Karangarua

Extension 1
Upper crust

Photos – Dave Craw



Extension 2
Mid-crust

Ancient analog? 
Macraes Gold Deposit, 

Otago Schist. 

•Shallow dipping brittle-ductile 
shear zone

• >350°C, high fluid pressures
• mineralization largely in low-

angle structures
• Model for formation (Craw et al. 
2002) invokes high fluid pressure 

at or below the brittle-ductile 
transition of a deforming region.

Begbie and Craw 2005



Conclusions:

Stress and strain are highly three-dimensional, 
especially when boundary conditions are oblique or 

spatially variant.

Variation in rheology affects the distribution of strain 
resulting from unchanging boundary conditions

Three-dimensional mechanical modeling is a 
powerful tool for testing model.  

Do spatial and temporal variations in strain result 
from:

Changing boundary conditions?
Variation in geometry?

Rheology variations (space and time)?



Conclusions:

A change in lower crustal strength from weak to 
strong in the South Island of New Zealand 

A change in the form of the orogen along strike.

A transition zone with co-existing orthogonal 
thrusting directions and high rock uplift rates 

adjacent to the Alpine Fault.

High uplift rates are enhanced by elevated pore 
pressures in the mid-crust.

Model predictions can be tested against geological 
and geophysical evidence.


