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1. LABORATORY MEASUREMENTS

1.1. Strategy and Techniques

For a rock of given mineralogy and microstructure, the
variables important in determining strength are pressure,
temperature, strain, strain history, strain rate, pore fluid
pressure, grain size, fugacities of water and other volatiles,
and chemical activities of the mineral components.
Although earth scientists may now duplicate pressures and
temperatures appropriate to the mantle and core in modern
high pressure apparatus, they still cannot study mechanical
properties under truly natural conditions. Time scales in
the Earth are too long, and length scales too large.

Since exact deformation conditions cannot be duplicated
in the laboratory, the experimenter's strategy must involve
determining the kinetic parameters of the appropriate
processes at laboratory conditions and extrapolating to
much lower strain rates [58]. Two convenient techniques
are available to aid laboratory studies. Temperature and,
hence, kinetic rates may be increased, or processes may be
studied at smaller length scales [60].

Testing at high temperatures also imposes constraints.
For example, maintaining chemical and phase stability and
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producing accelerated deformation kinetics may be
mutually exclusive goals. This conflict can be mitigatcd by
testing single phase rocks or by fabricating synthetic rocks
with specially designed phase compositions. The chemical
fugacities of the mineral components and any volatiles,
particularly water, must also be controlled. Unless the
experimenter aims to investigate the properties of partial
melts, eutectic melting needs to be avoided.

Deformation at low strain rates can also be studicd by
reducing a length scale. For mechanisms primarily limited
by diffusion, the most important length scale is the grain
size. Natural rocks with grain sizes of a few microns may
be found, and synthetic aggregates of olivine, calcite,
feldspars, and quartz have been produced in a range of
very small grain sizes. Such synthetic rocks can be used to
understand the effect of variations of grain size, second
phase abundance, or dissolved hydroxyl content on the
physical properties of rocks.

1.2. Apparatus

Modern apparatus use a variety of loading schemes,
including rotary shear, double block shear, conventional
triaxial, full triaxial, diamond anvil, and large volume,
opposed multi anvil devices [60, 90]. The most common
loading geometry is the conventional triaxial configuration
(Figure 1). Such machines have cylindrical loading
symmetry with coaxial stress and strain. If the axial
compressive stress, ©,, is larger than the confining
pressure, P,, then loading is triaxial compression; if o, <P,
then the sample extends. When pore fluids are present, the
effective stresses must be considered: the effective axial
stress ©,' is 0,-Py, the effective pressure is P/=P-P; By
using forcing blocks with an inclined cut, non-coaxial
experiments can be carried out in plane strain or pure
shear. Displacements in this geometry are limited by jacket
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stress resolution [22]. Gas medium devices also have low
uncertainty in stress; additionally, they provide
independent control of pore fluid pressure. Whether
porosity is drained or undrained is an important
consideration for tectonic processes in the crust and
lithosphere.

Heating is provided by a cylindrical furnace, made with

rate is directly related to stress and inversely related to
grain size [18]. If matrix diffusion dominates (Nabarro-
Herring creep), the steady state creep rate is
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