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The early work by Goetze and co-workers at MIT

developed a phenomenological framework for applica-
tion of laboratory measurements of the mechanical
properties of rocks to the lithosphere and underlying
mantle of Earth. The idea of a strength envelope was
conceived as a simplified application of experimental
results to understand in broad terms the behavior of
rocks at depth. Application with respect to the Earth,
notably the continental lithosphere, remains somewhat
limited by lateral and vertical heterogeneity in both
mineralogy and rock fabric. However, these concepts
still retain significant utility in understanding the bulk
rheological behavior of the lithosphere and mantle of
Earth, as well as that of other planets where the ma-
terial constituents are likely to be more homogeneous
and the observational constraints on mechanical behav-
ior are minimal.

In the strength envelope concept, mechanical behav-
ior below a certain depth (the brittle-plastic transition)
will be dominated by the plastic behavior of the rocks
that exist in that region. The predominant rock type
that likely exists on most non-Earth terrestrial plan-
ets is basaltic in composition, with some variability
in the plagioclase:pyroxene content and in the chem-
istry of the individual phases. Mantle rocks are most
likely approximated well by an olivine-dominated min-
eralogy similar to that of Earth. A key issue remains
the role of water, which is known to have a signifi-
cant weakening effect on most silicate rocks. All ter-
restrial planets, other than Earth, have lost volatiles
through volcanic degassing but lack an effective return
path for water into their interiors. Thus, the mechan-
ical behavior of the interiors of other terrestrial plan-
ets may differ significantly from that of Earth. In this
presentation I will focus on the role of water on the
mechanical properties of rocks of crustal and mantle
mineralogies. In particular, rocks of basaltic composi-
tion, gabbros and pyroxenites, under dry deformation
conditions are very strong. These rocks are not sig-
nificantly different in strength from dry upper mantle
rocks; thus we expect strong coupling between the crust
and underlying mantle. By contrast, under wet condi-
tions, lower crustal rocks are relatively weak compared
to olivine-dominated lithologies, potentially providing
a weak lower crustal zone that decouples the shallower
crust from the mantle lithosphere.
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Microstructural Constraints on the
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Woods Hole Oceanographic Institution, Dept. of Ge-
ology and Geophysics, Woods Hole, MA 02543,
United States
The rheology of the lower crust controls a wide

range of geodynamic processes. For example, model-
ing studies indicate that flow of relatively low viscosity
lower crust plays an important role in the rate of post-
seismic creep after earthquakes on continental strike-
slip faults. Similarly, numerous geodynamic models in-
corporate a lower crustal rheology that results in de-
coupling of strain between the crust and upper man-
tle. I have studied the rheology of lower crustal rocks

by analyzing textures in gabbros obtained during ODP
drilling of oceanic crust in the Indian Ocean (Hole
735B). These rocks exhibit textures indicative of de-
formation from magmatic temperatures to greenschist
facies. The analysis of oceanic gabbros is ideal for the
”calibration” of experimental flow laws for several rea-
sons. (1) The rocks experience a simple (i.e., single
stage) down temperature deformation history. (2) Since
deformation is more localized as temperature decreases,
microstructures representative of the higher tempera-
ture history of the rocks are preserved between lower
temperature shear zones. (3) The temperature history
of oceanic rocks can be well constrained using a combi-
nation of geothermometry and metamorphic petrology.
(4) The presence of olivine in many of the rocks can
be used to calibrate observations (e.g., recrystallized
grain size) with the much better constrained proper-
ties of olivine. (5) The relatively rapid cooling ex-
perienced by oceanic gabbros decreases the likelihood
that post-deformational annealing significantly alters
deformation fabrics. The recrystallized grain size of
plagioclase is slightly smaller than that of adjacent re-
crystallized olivine, consistent with empirical relation-
ships [e.g., Twiss, 1977]. The presence of recrystallized
augite (cpx) grains in the same rocks provides a unique
opportunity to determine the temperature of deforma-
tion. Recrystallization occurs prior to and after the
exsolution of enstatite from the augite grains. The re-
crystallized grains in the coarser-grained pyroxene show
exsolution. Therefore, the temperature of deformation
must be greater than the temperature preserved by the
exsolution. By contrast, the recrystallized grains in
finer-grained rocks are free of exsolution lamellae and
are composed of either high-Ca pyroxene (augite) or
low-Ca pyroxene (enstatite). In this case, the com-
positions of the recrystallized grains can be used to
determine the temperature during deformation. The
deformation conditions determined from these analy-
ses indicate that the rheology of gabbroic rocks is well
bracketed by experimental flow laws for gabbroic rocks
and suggest that there is not a large difference in the
viscosity of lower oceanic crust and mantle.
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The rheology of the lithosphere, including the pro-
cesses responsible for strain localization, are strongly
influenced by grain size evolution during deformation.
We have used a combination of microstructural obser-
vations and geothermometry to constrain conditions
at which a transition from dislocation creep to dif-
fusion creep occurs in the oceanic lithosphere. An
abyssal peridotite mylonite from the Shaka Fracture
Zone was analyzed using electron backscatter diffrac-
tion (EBSD) to determine olivine lattice preferred ori-
entation (LPO).

A strong LPO in olivine grains from a coarser
grained region (grain size ∼100 µm) indicates defor-
mation was accommodated by dislocation creep. In
contrast, a finer grained region (grain size ∼10 µm) in
the same sample shows no LPO, indicating deformation
by diffusion creep. These microstructural observations
also suggest that a pre-existing LPO was destroyed by
the transition to diffusion creep. Previous geother-
mometry of these peridotite mylonites (Jaroslow et al.,
1996) indicates mylonite deformation occurred down to
∼ 600◦C.

Olivine deformation mechanism maps imply ex-
tremely high strain rates and stresses for the mea-
sured grain size and deformation temperature of the
mylonite. One problem with the interpretation of these
results is determining how grain size reduction result-
ing from dynamic recrstallization can promote a tran-
sition to diffusion creep. For example, at tempera-
tures lower than ∼ 1000◦C, the dynamic recrystallized
grain size relationship determined by van der Wal et
al. (1994) falls almost entirely within the diffusion
creep field. However, extrapolation of recently deter-
mined flow laws for dislocation accommodated grain
boundary sliding indicate that dislocation dominated
deformation processes can dominate to lower temper-
atures, and therefore higher stresses. We conclude
that the lack of LPO observed in the finest-grained
regions of the mylonite indicates a transition from
dislocation-accommodated grain boundary sliding to
diffusion creep.
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The distribution of intergranular fluids in rocks
plays an essential role in fluid migration and rock
rheology. Structural and chemical analyses with sub-
nanometer resolution is possible with transmission and
scanning-transmission electron microscopy; therefore,
it is possible to perform the fine-scale structural anal-
yses required to determine the presence or absence of
very thin fluid films along grain boundaries. For aque-
ous fluids in crustal rocks, Hiraga et al. (2001) ob-
served a fluid morphology controlled by the relative
values of the solid-solid and solid-fluid interfacial en-
ergies, which resulted in well-defined dihedral angles.
Their high-resolution transmission electron microscopy
(TEM) observations demonstrate that grain boundaries
are tight even at a nanometer scale, consistent with the
absence of aqueous fluid films. For partially molten
ultra-mafic rocks, two conflicting conclusions have been
reached: nanometer-thick melt films wet grain bound-
aries (Drury and Fitz Gerald 1996; De Kloe et al. 2000)
versus essentially all grain boundaries are melt-free
(Vaughan et al. 1982; Kohlstedt 1990). To resolve this
conflict, Hiraga et al. (2002) examined grain bound-
aries in quenched partially molten peridotites. Their
observations demonstrate the following: (i) Although
a small fraction of the grains are separated by rela-
tively thick ( 1 µm) layers of melt, lattice fringe im-
ages obtained with a high-resolution TEM reveal that
most of the remaining boundaries do not contain a thin
amorphous phase. (ii) In addition, the composition of
olivine-olivine grain boundaries was analyzed with a
nano-beam analytical scanning TEM with a probe size
of <2 nm. Although the grain boundaries contained no
melt film, the concentration of Ca, Al and Ti were en-
hanced near the boundaries. The segregation of these
elements to the grain boundaries formed enriched re-
gions <7 nm wide. A similar pattern of chemical seg-
regation was detected in subsolidus systems. Creep ex-
periments on the partially molten rocks that were ana-
lyzed in this study reveal little weakening even at melt
contents approaching 4 vol%, consistent with our ob-
servations of melt-free grain boundaries.
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There is considerable debate about the flow of the
partially molten mid- to lower continental crust dur-
ing orogenic deformation. Geologic observations of
migmatite terrains suggest that deformation of orogenic
crust is controlled by both horizontal flow, leading to
layered migmatite, and vertical flow, reflecting the em-
placement of gneiss domes cored by migmatite. Lat-
eral flow of the mid- to lower crust has been described
by the popular channel-flow model, and vertical flow
is driven by gravitational instabilities. Unfortunately,
fabrics in migmatites are difficult to unravel due to per-
vasive, high-temperature recrystallization. Planar fab-
rics such as migmatitic banding, layering, or foliation,
are usually preserved macroscopically, but lineations
are commonly unclear. Therefore, the petrofabric anal-
ysis of migmatites, including the definition of sense of
shear, is problematic.

We have developed a new structural methodology
for the study of migmatite based on the anisotropy
of magnetic susceptibility (AMS) combined with im-
age analysis. Our results on Archean migmatites of
the Minnesota River Valley establish this method as
a powerful petrofabric tool. Dimension stone quarries
provide ideal sampling sites. The migmatites are coarse
grained, granitic to tonalitic in composition and display
a centimeter scale compositional layering. The layering
and the regional foliation are subhorizontal to shallowly
dipping to the NE. Mineral lineations are largely not
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observable. Low-field magnetism is carried mainly by
primary multidomain magnetite grains ranging 20-200
microns in size. The magnetic susceptibilities are gen-
erally high, around 5000 to 10000 10-6 SI. The degree
of magnetic anisotropy is large, between 1.2 and 1.3.
The principal axes of the low-field AMS ellipsoid coin-
cide with those defined by the foliation, and the mag-
netic lineation is consistently oriented E-W; the degree
of anisotropy is broadly correlated with mineral fabric
intensity. In high-field (HF = 1 Tesla), the contribu-
tion of magnetite is cancelled and the HF-AMS fabrics
result from the mafic silicates only. This is verified
by the correspondance of the HF-AMS axes with the
mafic minerals shape preferred orientation (SPO) ob-
tained by image analysis. In spite of their pervasive re-
crystallization under high-grade conditions, these lay-
ered migmatites preserve a systematic obliquity be-
tween magnetite grain SPO (LF-AMS) and mafic sil-
icates SPO (HF-AMS). We have interpreted this obliq-
uity as resulting from the non-coaxial deformation of
markers with different initial aspect ratios and obtain
shear senses consistent with mesoscopic kinematic in-
dicators. These preliminary results indicate a vast po-
tential for application to tectonic problems and offer a
structural tool to test the role of channel flow and grav-
ity instabilities in the dynamics of the partially molten
orogenic crust.

MR51A-06 1000h
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Recrystallization is a key process in controlling
creep deformation, physical properties and physical
property anisotropies in the crust and mantle. For
several decades the consensus view has been that nu-
cleation process for recrystallized grains in deforming
monominerallic aggregates has been either: Subgrain
rotation recrystallization or Grain boundary bulging
and that subsequent growth of the recrystallized grains
occurs by strain induced grain boundary migration.

Both the subgrain rotation recrystallization and
the grain boundary bulging mechanisms make testable
predictions about the crystallographic misorientations
between host and recrystallized grains. Electron
backscatter diffraction (EBSD) in the scanning electron
microscope (SEM) now enables us to test the geomet-
rical predictions of these models with statistical signif-
icance.

Where recrystallized grains can be clearly related
to parent grains, the misorientations between parent
and new grains tend to be of the order of 30 de-
grees or higher. In these samples, and in more complex
polycrystalline samples there is a paucity of bound-
aries with misorientations between about 5 degrees and
about 30 degrees. These relationships are not predicted
by either nucleation model.

Dispersion of EBSD data, by rotation around ra-
tional crystallographic directions, reflects deformation
by dislocation creep and recovery. Discrete boundaries
that share the same dispersion axes provide further
support for recovery and subgrain rotation, but the
misorientations across such boundaries rarely exceed
about 5 degrees. Neighbouring recrystallized grains of-
ten have the same dimensions as subgrains and the sub-
grain rotation recrystallization mechanism seems rea-
sonable except that it doesnt explain the sudden in-
crease in misorientations around recrystallized grains,
nor the change from misorientation axes parallel to ra-
tional crystallographic axes at low misorientation an-
gles to random misorientation axes at high misorienta-
tion angles.

Explanation of the misorientations between recrys-
tallized and parent grains requires either: nucleation
mechanisms other than subgrain rotation recrystalliza-
tion or grain boundary bulging mechanisms that mod-
ify the boundary misorientations after a nucleus is
formed.

We will present examples of the problems described
and some potential solutions using naturally and exper-
imentally deformed quartz, calcite, garnet, nickel and
steel.
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We analyse the spatial correlations of the absolute
stress field along large faults in terms of scaling invari-
ance (self-affine scaling). Despite the small range of
resolution, we obtain a signature of correlations con-
sistent with an elastic compression of the fault rough-
ness. Indeed, we compare the wavelet spectrum of the
measured stress field to that obtained from a numer-
ical model in which two thick elastic media bounded
by rough interfaces are fully squeezed. The interface
roughness consists in spatially correlated asperities (i.e.
non diluted asperities) described by a self-affine topog-
raphy, as observed over a very wide range of scales from
fractures to faults. If the self-affinity of the rough sur-
faces is characterized by a Hurst exponent H, we find
that the stress field is also self-affine, but with a Hurst
exponent H − 1. Fluctuations of the normal stress are
shown to be important, especially at local scales with
anti-persistent correlations. A similar property is ob-
served along the Nojima fault before the 1995 Kobe
earthquake.
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Chris Goetze not only made definitive measure-
ments in the laboratory, but he also sought field exper-
iments that could be used to test and extend such ex-
perimental results. We describe another that we think
he would like. We use geological and geophysical ev-
idence for late Cenozoic convective removal of mantle
lithosphere beneath the Sierra Nevada and both theory
and numerical experiments for Rayleigh-Taylor insta-
bility to place a bound on the average viscosity coef-
ficient for mantle lithosphere. P-wave travel times re-
veal high-speed zones in the upper mantle west of the
Sierra, as well as thinned mantle lithosphere beneath
the high region. Differences in xenoliths brought to the
surface since 10 Ma imply a transformation of mantle
structure; between approximately 15 and 10 Ma, xeno-
liths contained both garnet peridotite, apparently from
depths of 75-135 km, and eclogite from depths of about
35-100 km. Since 3 Ma, however, xenoliths from the
upper mantle contain spinel peridotite whose pressure-
temperature conditions follow an asthenospheric adi-
abat. Thus, several authors, beginning with Ducea
and Saleeby, have inferred removal of the ecslogitic
and cooler peridotitic layers. Elegant theory by Can-
right and Morris relates the time scale for removal by
Rayleigh-Taylor instability of a dense layer with a free
top boundary condition. Numerical experiments have
corroborated Houseman’s analytic approximation for
the corresponding time scale for a layer rigidly attached
at its top. Further numerical experiment by Conrad
confirms Houseman’s scaling law for convective insta-
bility. These two scaling laws provide bounds on the
time scale for removal. The average viscosity coeffi-
cient for a layer of mantle lithosphere for power-law
creep that we obtain would call for average stresses in
mantle lithosphere undergoing strain at 10−15 s−1 of
20-90 MPa. A comparison with laboratory-based av-
erage viscosity coefficients through the mantle litho-
sphere suggests low temperatures at the Moho, as do
those inferred from heat flow and the older xenoliths.
Thus, it appears that laboratory measurements can be
extrapolated to geological time scales and conditions.
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The high temperature laboratory strength, σ, of

synthetic two-phase marbles with small fractions of
stiff quartz particles (≤0.2) substantially exceeds the
strength of the plastic calcite matrix. In fact, the
strengthening is at odds with predictions of many con-
tinuum mechanics models. Recent efforts in describing
the rheology of calcite as observed in laboratory ex-
periments led to a composite flow law that combines
a diffusion creep equation with a Peierls-type dislo-
cation creep law. In the latter strength depends on
grain size d in a way similar to a Hall-Petch relation
(σ ≈ σ0 + k · d−m). Thus, for given strain rate and
temperature, strength initially increases with grain size
(diffusion creep: σ ∝ d3) and then decreases again
asymptotically approaching a finite strength for infi-
nite size, σ0, that is related to the intrinsic lattice re-
sistance to dislocation glide as determined from exper-
iments on single crystals. Adding quartz particles of
various amounts (φp) and size (dp) systematically af-
fects the grain size of the calcite matrix in qualitative
agreement with Zener pinning (d ∝ φp/dp). In gen-
eral, adding particles reduces matrix grain size signifi-
cantly compared to the pure synthetic marbles causing
a microstructural strengthening when the matrix de-
forms in the dislocation creep regime. This source of
strengthening was neglected in previous comparisons of
experimental observations with calculations of the ef-
fect of load transfer between a plastically flowing ma-
trix and rigid particles. If grain-size effects are in-
cluded, the load-transfer models predict that the pres-
ence of the quartz particles changes the relative contri-
butions of the two mechanisms considered in the com-
posite law, increasing the contribution of dislocation
creep. Combined with standard models of load trans-
fer the composite law correctly predicts the observed
behavior of the two-phase marbles. Thus, the proposed
flow law would combine two expressions that depend on
grain size in the opposite sense. If correct, the mech-
anisms would place new constraints on possible mech-
anisms for shear localization. For example, it is ques-
tionable whether recrystallization weakening, a hypoth-
esis frequently assumed in interpreting the formation
of shear-zones, could be reconciled with the proposed
flow law. Also, our findings show that the suppression
of grain growth by the presence of rigid particles does
not necessarily promote diffusion creep.
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New deformation machines such as the deformation-
DIA (D-DIA) and rotational Drickamer apparatus
(RDA), which operate at confining pressures well in ex-
cess of 5 GPa, hold the promise of directly character-
izing rock rheology well into the transition zone. Un-
til a few years ago, a sense of rock strength at such
depths could be reached only by very large extrapola-
tions based on tenuous measurements of activation vol-
ume. The D-DIA and RDA owe their creation directly
to the development of bright synchrotron x radiation
as an analytical tool for measuring stress and plastic
strain inside pressure vessels, replacing traditional load
cells and displacement transducers. The D-DIA is a 6-
anvil device with the capability of independent move-
ment of certain anvils such that pressure and maximum
stress can be controlled independently. It is not un-
like cubic deformation devices developed earlier (e.g.,
Griggs cubic anvil [Carter et al., J. Geol., 72, 687-733,
1964]), except that it is based on the more stable single-
actuator hydrostatic DIA design and therefore capable
of reaching pressures of 15 GPa, sufficient to cover the
full pressure stability range of olivine, for example. The
RDA is also an adaptation, of the 25-GPa, 2-anvil hy-
drostatic Drickamer cell, wherein rotary deformation is
imparted by twisting one of the anvils about its axis.
Both differ from all other multi-anvil, Bridgman-anvil,
and diamond-anvil cells in that they are generically de-
formation machines: they impart strain without chang-
ing confining pressure. The D-DIA geometry is suited
for measuring the state of stress in a sample; the RDA
will be able to impart very high strains and will thus
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allow us to study the effect of pressure on fabric and
texture development in the mantle.

Goetze had an eye for expeditious measurement and
high-quality, high-impact data, a sure recipe for ad-
vancement of science when it can be achieved. His are
probably the best standards for gauging the success of
the new machines. Both the D-DIA and RDA have been
developed in a relatively short amount of time (siz-
able groups of motivated investigators are involved in
both projects), and mostly without unexpected tech-
nological complications. Both have strained samples
at conditions approaching design limits, but neither
has yet produced what Goetze would consider a mean-
ingful measurement of the state of deviatoric stress.
The new machines are solid-medium deformation ap-
paratuses and as such bring the concern that since the
medium has significant shear strength, stress measure-
ments may be poorly resolved. There is a difference
here, however: the state of stress can be measured di-
rectly in the samples themselves, thus mitigating (or
even exploiting) the effects of the shear strength of
the medium. Even in gas deformation rigs, the op-
portunity for directly viewing samples is rare; in the
solid-medium rig it is unprecedented. X-ray transpar-
ent anvils may soon bring stress measurement resolu-
tion down to 10 MPa, still a huge error bar in Goetze’s
world. Time and experience will make the error bars
smaller, hopefully to a level where the measurements
will have a real impact on our picture of Earth’s man-
tle, and the new high-pressure deformation machines
will not end up consigned to the dusty basements of
experimental geophysics laboratories.
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Understanding the rheology of eclogite, probably

governed by the behaviour of sodic pyroxenes of the
diopside-jadeite solid solution series (omphacite), is es-
sential for predictions on interplate coupling and shear
heating in subduction zones and the simulation of sub-
duction processes. We first investigated the mechani-
cal behaviour of the end member jadeite (NaAlSi2O6).
Deformation experiments were carried out on synthetic
and natural jadeitite aggregates. The synthetic sam-
ples were crystallized in the stability field of jadeite
from a synthetic glass precursor. A standard proce-
dure yields uniform microstructures with an average
grain size of approximately 12µm. In contrast, the nat-
ural jadeitite samples from Myanmar reveal a coarse
grain size and a heterogeneous microstructure. De-
formation experiments were carried out at a confining
pressure of 2.5GPa in a modified Griggs apparatus us-
ing a molten eutectic CsCl/NaCl mixture. For the syn-
thetic samples, the microstructures indicate deforma-
tion in the dislocation creep regime, with a grain shape
and crystallographic preferred orientation. The me-
chanical data for synthetic jadeitite were fit by a power
law using a global inversion method. An activation en-
ergy for dislocation creep of Q = 326 ± 27kJ/mol and
a stress exponent n = 3.7 ± 0.4 and a preexponen-
tial factor of lnA = −3.3 ± 2.0 are found for syn-
thetic jadeitite. The microstructure of the deformed
coarse-grained natural jadeitite samples reveals inho-
mogeneous crystal plastic deformation and mechanical
twinning. The orientation distribution of twinned and
untwinned crystals yields a critical resolved shear stress
of 150±25 MPa for the (100)[001] twinning of jadeite.
Extrapolation of the flow law for synthetic jadeitite to
a geological strain rate of 10−14 s−1 reveals that end-
member jadeite is significantly weaker than diopside in
the dislocation creep regime. The flow strength of py-
roxenes of the omphacite solid solution series as a func-
tion of composition awaits a systematic study.
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The determination of the rheological properties of
deep-Earth’s minerals is one of the most challenging
issues of Earth Sciences for two reasons. From the ex-
perimental point of view, it requires deformation exper-
iments under extreme P, T conditions to be performed.
On the theoretical point of view, the experimental data
have to be extrapolated over several orders of mag-
nitude in time (strain-rate) and space in order to be
applied to the Earth’s mantle. The latter aspect can
now be addressed through the development of multi-
scale modelling of plastic deformation.

Significant progress have been achieved in the re-
cent years to simulate plastic deformation of crystals
at the mesoscopic scale. One can now compute the col-
lective properties of large numbers of dislocations (e.g.
several hundreds of lines) in sufficiently large model
crystals, with typical linear dimensions of about 15
m. The most important achievement in this domain
is certainly the development of three-dimensional sim-
ulations accounting for crystallographic effects and slip
geometry initiated by Kubin and Canova.

The mesoscopic approach combines a simplified de-
scription of the core properties with the more rigorous
elastic theory of dislocations, in order to understand
the formation and dynamics of the microstructures of
deformed specimens. Dislocation segments (edge, screw
and mixed) are displaced on a discrete lattice which has
the same symmetry as olivine. The dislocation seg-
ments move in response to the local effective stresses
applied to them. The mobilities can vary for each slip
system or dislocation character. They have been fitted
to mechanical data obtained on single crystals.

In this study, we aim to simulate the strain hard-
ening behaviour resulting from the interaction of dis-
locations from different slip systems. It is thus neces-
sary to describe the interactions between dislocations
from intersecting slip planes, including the formation
and destruction of dislocation junctions. The stability
of dislocation junctions has been investigated from the
point of view of elasticity and with the simulation.
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Understanding the microstructural evolution in
rocks is essential to theories of the dynamics of the solid
interior of the Earth. The eutectoid transformation at
660 km depth produces alternating thin lamellae of per-
voskite and magnesiowüstite. We performed numerical
simulations of coarsening of lamellar structures using
Monte Carlo Potts model.

We find that an isotropic lamellar structure degen-
erates via edge spheroidization and termination migra-
tion into nearly equiaxed grains with a diameter which
is 2 to 3 times larger than the original lamellar spac-
ing. The duration of this process is comparable with
the time it would take Ostwald ripening to produce
grains of the same size. After degeneration of lamellar
structure, grain growth quickly reaches the asymptotic
regime of coarsening described by a power-law function
of time. Lamellae with anisotropic grain boundaries
coarsen more slowly and via discontinuous coarsening
mechanism. This produces larger grains upon degener-
ation of lamellae.
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In a series of tests in a HT-HP deformation appa-
ratus (’Paterson rig’) we investigated the deformation
behaviour of magnesiowüstite (Mg,Fe)O in torsion at
1400 K, 300 MPa confining pressure and a strain rate
of 2 x 10−3 s−1. The Fe-content was varied from 10
to 50 at. % in steps of 10 at. %. The samples were de-
formed to shear strains (γ) up to 15 in order to achieve
steady state microstructures and textures. The shear
stress - shear strain curves showed little to no weaken-
ing after the initial yield and the strength of the sam-
ples decreased slightly with increasing Fe.

Analysis with electron backscattering diffraction
(EBSD) in the SEM revealed that a crystallographic
preferred orientation (texture) developed in all the
samples indicating that dislocation creep contributes
significantly to the deformation. Deformation is ac-
companied in all samples by grain size reduction. At
low Fe-content (low homologous temperature) the re-
crystallization mechanism is progressive subgrain rota-
tion; with higher Fe content (and increasing homolo-
gous temperatures) grain boundary mobility increases
resulting in a larger recrystallized grain size at compa-
rable shear strains.

The development of the crystallographic preferred
orientation is characterized by the transition from a de-
formation texture (γ = 1-6) to a recrystallization tex-
ture at γ > 6. The recrystallization texture remains
constant to the highest strains. The deformation tex-
ture at lower strains is consistent with dislocation glide
predominant on the {111}<110> and {100}<110> slip
systems, whereas the recrystallization texture cannot
be modelled by dislocation glide alone. This texture
evolution was observed in all the samples except those
with 50 at. % Fe, where a deformation texture develops
only at high shear strains and a recrystallization tex-
ture was not found. Preliminary results suggest that
the slow formation of a crystallographic preferred ori-
entation in these samples is possibly due to increased
grain boundary mobility and grain growth.
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(Mg,Fe)SiO3 perovskite is considered to be the most
abundant phase in the Earth’s lower mantle, along with
magnesiowüstite and other minor high pressure phases.
Therefore knowledge of the rheological properties of
(Mg,Fe)SiO3 is crucial to the understanding of the rhe-
ology of the lower mantle. Presently, deformation ex-
periments, yeilding reliable rheological data, cannot
be performed within the stabiltiy field of (Mg,Fe)SiO3
perovskite. Fortunately, many elements can combine
to form the perovskite structure and hence an analog
for (Mg,Fe)SiO3 perovskite that is stable at experimen-
tally tractable conditions can be found. (Ca,Sr)TiO3 is
one such material, which is stable at atmospheric pres-
sure, and undergoes two structural phase transitions
between 100 and 1600 K depending on the Ca:Sr ratio.
By studying the deformation behavior of (Ca,Sr)TiO3
some insight can be gained in to the rheological prop-
erties of (Mg,Fe)SiO3 perovskite.

Polycrystalline samples of (Ca0.9,Sr0.1)TiO3 have
been synthesized from high purity oxides yielding sam-
ples with <3% porosity and a grainsize of ca. 100
µm. These samples have been used to study the rhe-
ological properties of the tetragonal and cubic phases.
Data from compression experiments performed over a
temperature range spanning the orthorhombic to cu-
bic phase transition show a power-law rheology with a
stress exponent of ∼4 and an activation energy of ∼600
kJmol−1. A crystallographic preferred orientation de-
velops in the compression experiments that is consis-
tent with [110] slip. (Ca0.9,Sr0.1)TiO3 samples de-
formed in the cubic stability field to high strain in tor-
sion show a comparable strength to compression tests
under the same conditions. In these high-strain torsion


