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1. INTRODUCTION

The viscosity of the mantle is one of the most important,
and least understood material properties of the Earth.
Plate velocities, deep-earthquake source mechanisms, the
stress distribution in subduction zones, and estimates of
geochemical mixing time scales are all strongly affected
by the pattern of convective flow which, in turn, is
strongly influenced by the viscosity structure of the
mantle. There are two approaches to understanding the
viscosity structure of the Earth: using observations such as
the geoid and post-glacial uplift, combined with flow
models; or studying the physical deformation properties of
mantle minerals in the laboratory. Both approaches have
advantages and drawbacks.

Laboratory measurements of deformation indicate that
the rheology of upper mantle minerals such as olivine
((Mg Fe);Si04) is a strong function of temperature, grain
size and stress [e.g., 3, 24, 43, 45, 46, 61, 65]. The
deformation of minerals under mantle conditions generally
follows a flow law of the form
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where € is the deformation rate, & is the deviatoric stress,
H is the shear modulus, d is the grain size of the rock, Q is
the activation energy for the deformation mechanism, T is
the temperature in Kelvins, R is the gas constantand A is a
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constant [c.f., 3,43]. Viscosity is defined as
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therefore, deformation is directly related to viscosity.

(Note the factor of 2 difference in equation (2) compared

with the definition used by experimentalists.) For
temperature changes of 100 degrees K, the viscosity
changes by an order of magnitude at constant stress [c.f.,
44]. Changes of deviatoric stress by a factor of 2 change
the viscosity by an order of magnitude [c.f., 44]. Other
factors, such as partial pressure of oxygen and water may
also have important effects.

Two creep mechanisms are likely to dominate in the
mantle; diffusional flow (corresponding to n=1 in equation
1) and power-law creep (corresponding to n>1 in equation
1). A rheology with a linear stress strain-rate creep
mechanism, such as diffusional flow, is referred to as a
Newtonian rheology. The question of which mechanism
dominates in the mantle depends on the average grain size
of the mantle minerals [46]. In the upper mantle, with
grain sizes greater than lmm, power-law creep should
dominate at stresses greater than 1 MPa; otherwise
diffusion creep dominates [46]. A deformation map
(Figure 1) shows the predicted dominant deformation
mechanisms for olivine with grain size 0.Imm as a
function of stress and depth. It should be noted that the
strain rates achieved in the lab (typically 103 - 108 sh
are much larger than those predicted in the lithosphere and
mantle (~ 10-14 s'l). While the laboratory measurements
are clearly in the power-law creep field, typical mantle
strain-rates lie close to the diffusional flow field at this
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the fluid. Similarly, if the load is then removed, the rate
of return is also dependent on viscosity. Viscosity models
deduced from these observations are not unique, however,
and require knowledge of models for the surface load (i.e.,
ice sheet thickness and history), which are uncertain.
Also, the theoretical models are often simplified to keep
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uniform viscosity mantle. Because no direct comparison
of the two methods has been reported, it is difficult to
assess whether the differences between Peltier's and
Cathles’ conclusions are due to their methods or ice
models. An ice sheet disintegration model, including ice
masses of Laurentia, Fennoscandia, and Greenland, called



























