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Abstract

The signi4cant viscous anisotropy that results from crystallographic alignment (texture) of olivine grains in
deformed upper-mantle rocks strongly in?uences a large variety of geodynamic processes. Our ability to explore
the effects of anisotropic viscosity in simulations of these processes requires a mechanical model that can
predict the magnitude of anisotropy and its evolution. Unfortunately, existing models of olivine textural…
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Figure 1: (a) Schematic diagram of the four olivine slip systems considered in

this study in the crystallographic  
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Abstract The significant viscous anisotropy that results from crystallographic alignment (texture) of
olivine grains in deformed upper mantle rocks strongly influences a large variety of geodynamic processes.
Our ability to explore the effects of anisotropic viscosity in simulations of these processes requires a
mechanical model that can predict the magnitude of anisotropy and its evolution. Unfortunately, existing
models of olivine textural evolution and viscous anisotropy are calibrated for relatively small deformations
and simple strain paths, making them less general than desired for many large-scale geodynamic scenarios.
Here we develop a new set of micromechanical models to describe the mechanical behavior and textural
evolution of olivine through a large range of strains and complex strain histories. For the mechanical
behavior, we explore two extreme scenarios, one in which each grain experiences the same stress tensor
(Sachs model) and one in which each grain undergoes a strain rate as close as possible to the macroscopic
strain rate (pseudo-Taylor model). For the textural evolution, we develop a new model in which the director
method is used to control the rate of grain rotation and the available slip systems in olivine are used to
control the axis of rotation. Only recently has enough laboratory data on the deformation of olivine become
available to calibrate these models. We use these new data to conduct inversions for the best parameters
to characterize both the mechanical and textural evolution models. These inversions demonstrate that
the calibrated pseudo-Taylor model best reproduces the mechanical observations. Additionally, the
pseudo-Taylor textural evolution model can reasonably reproduce the observed texture strength, shape, and
orientation after large and complex deformations. A quantitative comparison between our calibrated models
and previously published models reveals that our new models excel in predicting the magnitude of viscous
anisotropy and the details of the textural evolution. In addition, we demonstrate that the mechanical and
textural evolution models can be coupled and used to reproduce mechanical evolution during large-strain
torsion tests. This set of models therefore provides a new geodynamic tool for incorporating viscous
anisotropy into large-scale numerical simulations.

1. Introduction
The viscosity of the upper mantle is a key parameter in many geodynamic processes. Although much work has
been done developing constitutive models for upper mantle viscosity (for a review, see
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Figure 2: Representative textures from the data sets of Hansen et al. [2014,

2016] for samples formed by hot  
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[2003]), the directional dependence of viscosity, that is, the anisotropy in viscosity, is still not well constrained.
Several numerical investigations have demonstrated the potential for anisotropy in upper mantle viscosity to
significantly modify geodynamic processes, with effects including modi
[Honda, 1986; Christensen, 1987], enhanced magma production rates in subduction zones [
2011], increased spacing between gravitational instabilities beneath the lithosphere [
increased upper mantle temperatures [Hearn et al., 1997], and modi
1987; Han and Wahr, 1997]. Although some of the major geodynamic consequences of viscous anisotropy have
been established, the parameterization of viscous anisotropy in these models is simplistic. The physical mechan-
ism for generating the anisotropy is not explicitly specified, and therefore these models neglect the evolution of
anisotropy, simplify the symmetry of anisotropy, and take the magnitude of anisotropy to be a free parameter.

Recent deformation experiments suggest that viscous anisotropy in upper mantle rocks can result from the
formation of crystallographic alignment of olivine [Hansen et al., 2012a, 2012b, 2016], which we refer to as
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Figure 3: Mechanical data compared to predictions from the mechanical model.
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Figure 4: Sensitivity testing of the mechanical model to variations in the

relative strengths of the three active  
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Figure 7: Comparison of texture strength from deformation experiments

(circles) and numerical simulations  
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Figure 9: Comparison of texture shape from deformation experiments (circles)

and numerical simulations  
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