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Introduction to the Earth’s mantle

volume fraction
0 0.2 04 0.6 0.8 1.8

0 | | I 1 _
[ Opx :5./
= =
5 o8 Z
| a-(Mg,Fe);SiOy ™
olivine Gt —1200 59
B o 5
(el S =
10 |
1=
o =
<)
2 |\ 1390 . 410km
2 discontinuity
Detrick (2004) £ [B-MgFeusio)
| B—spinel majorite © .5 °
. garnet | é g §
— <
Olivine makes up nearly 60% of the T-(Mg,Fe);S104 :— 600 =
. — v-spinel
Earth’s upper mantle and is L yseme. L N 660km
considered to control deformation s Mig-Py /| discontinuity
in this region of the Earth = (Mg, Fe)SiO; N/ ¢4 CaPY 5
) | C&SIO'.; = g
| .I. J, . -—(o E

Bovolo (2005)



Deformation Mechanisms and Power-law Creep
¢ =A(T,P,u;) a"d™™
Strain rate is related to stress and grain-size by power-law;
exponents n and m indicate deformation mechanism
Diffusion Creep:n =1, m = 3
DislocationCreep:n =3 —-5m =0
Dislocation AccommodatedGBS: n =2 —-5m =1
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Mechanisms of grain growth
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Dynamic Recrystallization:
Grain-size reduction induced by deformation
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Crystallographic Preferred Orientation (CPO):
rotation and crystallographic alignment of grains due
to slip of dislocations

ey

(a) Before Straining (b) Ends not constrained (c) Ends constrained

Schematic Representation of Slip in Tension



Crystallographic Preferred Orientation (CPO)
and Anisotropic Viscostiy
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Seismic Anisotropy
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Development of improved starting material for
experimental studies on olivine-rich rocks:
Evacuated Hot-Pressing




Conventional hot-pressing
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Evacuated hot-pressing

1.

thermocouple

300 MPa B> "ickel oxide

1250°C powder

£0,=Ni/NiO SC (solid state f O,

olivine buffer)

= . o-ring powder——, nickel

H steel capsule

[ ] zirconia

[ ] alumina

] nickel

] San Carlosolivine powder 1

[] porous alumina
|| | B nickel oxide powder vacuum

(through porous ceramic)

Il:J_ vacuum



Conventional hot-pressed San Carlos olivine
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Static annealing of
conventional hot-press at 1 atm
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Static annealing of evacuated hot-press at 300 MPa
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Comparison with previous work
Grain growth in peridotites
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High-strain torsional deformation experiments
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Static annealing of deformed specimens at 300 MPa

300 Mpa

1250°C
and
1300°C

Torsional high-strain
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Mechanical data from high-strain torsion experiments

Stress and strain calculated at edge of specimen
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Tangential section of high-strain torsion samples
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CPO of samples deformed in torsion to high-strain
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Microstructures of annealed tangential sections

After Deformatlon Annealed at 1300 C, 300 Mpa 7hrs




Grain growth in tangential sections
of spe8cimens deformed to high shear strain
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Intragranular Crystallographic Distortion:
Kernel Angular Misorientation
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Overview

Evacuated hot-pressing reduces contaminationfilled porosity to the
point that one can easily read through a 1-mm thick slice.

Grain boundary mobility is enhanced in evacuated hot-presses
relative to conventional hot-presses of the same powder.

High-strain torsion of evacuated hot-pressed olivine aggregates leads
to grain-size refinement, intragranular crystallographic distortion,
development of a strong shape preferred orientation (SPO), and
development of a strong crystallographic preferred orientation (CPO)

During static annealing of samples deformed to high strains, grains
become progressively equiaxed and intragranular crystallographic
distortion is reduced, while CPO geometry and strength remains
relatively constant
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Radial stress and strain gradient in torsional
deformation
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Confocal Raman spectroscopy
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