STRESS AND STRAIN: CAUSE OR EFFECT?
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Boundary conditions for deformation are commonly considered in terms of stresses. This is particularly true for discontinuous, localized deformation: faults are usually related to a stress system that is homogenous at some scale. Yet at plate boundaries, it is displacements that are most readily quantified and used in subsequent mechanical analyses; likewise in many finite element models, displacement or velocity boundary conditions are more commonly set, and subsequently stresses are calculated. These different approaches are reflected in the isostress vs isostrain models for composite material deformation. It is not clear whether either approach is generally correct for rock deformation, or whether there may be a change of rock behaviour with scale.


To investigate these concepts further, we have acquired a possibly unique set of three dimensional data from one of Australia’s largest producing gold mines, at Sunrise Dam. Fault slip data from open pit and underground measurements is distributed throughout almost 1 km3 of rock. Particular advantages of these data for addressing the question of stress and strain variations are the abundance of excellent slip direction and sense indicators in the form of quartz, carbonate and chlorite slickenfibres, and a well-established deformation history which allows fault slip measurements to be assigned to one of three major deformation events 


Two periods of penetrative deformation (D1 and D2) preceded D3 – D5, which involved predominantly faulting. Stress inversions from the fault slip data suggest that D3 – D5 all had steeply plunging intermediate principal stress axes (s2), i.e. dominantly strike slip stress fields. The trend of the average maximum principal stress s1 switched from SE in D3 to NE in D4, back to SE in D5, with significant changes in the stress ratio F. Focussing on results from D4 in different parts of the mine (different ore bodies) shows that s1 directions are quite variable, and D4 tensors may also be quantitatively very different from each other in different parts of the mine. Kinematic analyses (from moment tensor sums of the P and T axes) show a sequence of SE – NE – SE contraction for D3 to D5, with intermediate principal strain axes sub-vertical. All parts of the mine have a very consistent SSE extension direction in D4. 


The spatial heterogeneity in stress during D4 may be due to the effects of heterogenous rock properties, as suggested by numerical models. On the other hand, the kinematic analyses show a coherent pattern of displacements and strains in D4. On the mine scale, the stresses recorded by faulting are heterogenous.  A single stress field can be obtained by averaging the measurements, but its regional significance is uncertain, while the strains are more homogenous and describe the deformation well throughout the mine. This result may be due to a multiplicity of potential failure planes throughout a heterogeneous package of rocks.

