MINERAL PHYSICS 4: MANTLE RHEOLOC




RHEOLOGY A Study of the flow of matter

(plastic deformation)

A In geoscience flow of
rocks

A what is the stress
strairrate response?

A How strong are
different rocks

A Microstructure/texture
development during
deformation

Marble deformed in torsidBUtL)i



WHY CARE ABOUT DEFORMATION BEHAVIOR
THE DEEP EARTH?

A What are the controls or

upper mantle

slab subduction

A Geochemical reservoirs

Fe hep
364 335

g L A Do things from the very

(Mg,Fe)0

(aSi0, perovskite  ageja

g deep earth mix with the
G upper mantle

Olivine
Pyroxene




Springs, dashpots, and sliding blocks

CONSTITUTIVE MODELS




ELASTIVSPLASTIC DEFORMATION
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Karato 2008

Elasticd perturbation of atoms fronT potentiatrwell™

NonElasticd permanent of atoms i.e. moving from one well to another



LINEAR ELASTICITY
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CONSTITUTIVE MODELS AND FLOW

Linear (Newtonian) viscous model

A Nonrecoverable strdin
material deforms in response
to, , but if we remoyeave
donot return t

Slope = 2n or k,
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CONSTITUTIVE MODELS AND FLOW

Rigid/Perfectly Plastic model

A Belowyield stress no strain

A Above yield streisplastic
unrecoverable strain

A Stress does not exceed yield
strength except during
acceleration of deformation




CONSTITUTIVE MODELS AND FLOW

ElasteplasticRrandjlmodel

A Belowyield stress elastic

. recoverable strain
Plastic response

/ A Above yield streisplastic
unrecoverable strain

Elastc  ,
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response 7 |
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A Stress does not exceed yield

€ strength except during

Plastic Elastic acceleration of deformation

A Many crystal behave this
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Confining Pressure 100 MPg
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BRITTLESDUCTIL

[ J

A High confining pressure
tends to suppress brittle | o
failure "

Differential Stress

A Pressure of brittle
ductile transition
depends on rock type

A High temperature
suppresses brittle failure

Paterson (1958)



CONSTITUTIVE MODELS AND FLOW: MANY O

Maxwell model
KelviAvoigt Model
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Burgers Model TwissandMoored.992

Karato 2010



MICROSCOPIC MECHANISMS OF
DEFORMATION 1: DIFFUSION



DIFFUSION
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DIFFUSION LENGTH SCALE
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Inminerals D can range from somethinglikgsltor H diffusion to something
like 16*mY/s folJ-Th

A So H can move 1m in ~300 ye@ry fast
A UThcan move ~1mm over the age of thé Gamtslow

Ingeneral diffusion length scales are snnadifficlerway to homogeniz



DIFFUSION IN CRYSTALS: THE ROLE OF DEFEC

Perfect crystal Vacancy Point Defect
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PRESSURE AND TEMPERATURE DEPENDEN(

A Both defect fraction and jump probability have an Arrhenius type temperature dep:

A Pressure tends to decrease vacancies and
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HOMOLOGOUS TEMPERATURE SCALING
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FLOW LAWS 1 :DIFFUSION CREEP



DIFFUSION CREEP

TwissandMoored 992

Crystal surface

A. Vacancy flux B. Formation of a vacancy
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Crystal surface

C. Vacancy destruction

BOUNDARY
DIFFUSION

A Newtonian (linear) rheology
Y

A Intracrystallirfidabbaréderring)
or along grain boundaries (Co

A Efficiency depends on diffusio
coefficients and grain size

A Dominates at low stress and s
grain size

A low strain rate and high temperai



NABARRO (1948), HERRING (1950): DIFFUSION C

A Nonhydrostatic stresauses differences in vacancy concentrations of crystal surface

A Vacanciesiove from low compressive stress to high compressive stress and atoms
move from high compressive stress to low
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NABARRO (1948), HERRING (1950): DIFFUSION C

So our change in length per second is
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Relating the diffuscmefficient for sdiffusiomovacancdiffusion we end up with

If GBS impossible p ¢
If GBS possible 1 1




BOUMDARY

COBLE CREEP
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A Assumes grains are spherical and GBS is possible N

A Diffusion creep where diffusion occurs along grain bo
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N-H and Coble really happen in tandem




MICROSCOPIC MECHANISMS OF
DEFORMATION 2: DISLOCATIONS



THEORETICAL SHEAR STRENGENMPERIMENTAL

A Frenkel 1926

A if@ dthen
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For metals shear modulus G is in the ranBM{zHn sb should be ~-3) GPa but
experiments show more likéGVEPa




CONCEPT OF DISLOCATIONS
TAYLOR (1939ROWAKL934), POLANYI (1934)

Dislocations in dolomite

http://faculty.wiu.edtldl/CM/Dislocations.htm



