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Motivation
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Crust(uppercrustΧύ

Core-Mantle boundary

Two zones of high contrasts

Mantle: advection velocity~10 cm/year

Core: advection velocity~15 km/year

Mantle: SiO4 é Fe Ni, Mn

Core: Fe, Ni é 

Vp:  14 km/s Ą 8 km/s

Vs:    7 km/s Ą ~0 km/s

Density: 6 g/cm3 Ą 9 g/cm3
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Samechallenges for CMB & UC

Easierfor UC than for CMB

Multiple parametershunting?
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Parameter hunting? 

14/07/2017 Tides - Oxford 

Micro-scale

Meso-scale

Macro-scale

Model parameters: 
velocity, attenuation, 
anisotropy, density
For seismicwaves

Inferenceparameters: one solid
skeletonand one fluid.
Gassmann rheology
Porosity, saturation, tortuosity, 
consolidation parameterΧ

Physical parameters: mineral
composition, gas, liquidΧ

upscaling

downscaling

Question: what are important parametersat the macro-scalelevel?

Attenuationis important
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High-resolution seismic imaging 

ü Upper Crust: an important target

a) Waveshave to go throughit twicebeforesamplingthe mantleand/or the core.

b) Methodologicalinvestigation becausetargetis nearbyand varioussources couldbe

used(man-made, man-induced, quakes, noise).

üWhichphysics?

a) Seismicwavesare well explainedor predictedby (visco?)-elastodynamicPDEs.

b) Modelingparametersneededfor data interpretation: relation with « true» Earth.

üWhatmeanimages?

a) Reconstruction of modelingparameters.

b) Relation betweentheseparametersand physicalparametersof the uppercrust.

Additionalquestion: Whatlessonsfrom UC images for CMB images?
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Seismic data: they honor a PDE

SEISMICS
SEISMOLOGY

Dense acquisition

Towardscontinuousrecording

14/07/2017 Tides - Oxford 8

Towardsdense recording



Seismic data: they honor a PDE

SEISMICS
SEISMOLOGY

Dense acquisition

Towardscontinuousrecording

Veryluckyon the Earth
(not on the Moon)

(about Mars?)
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Wave propagation: fwd modelingOK 
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Time domain ”ςDensity; ὈςSpatial derivative operator;

ἽςDisplacement; ⱭςStress; ⱠςStrain;

ἮςExternal force; ςStress failure;

ὅςUnrelaxed (elastic) stiffness tensor (anisotropic);

ὅ ςRelaxed stiffness tensor (isotropic);ⱶ ςMemory variables; 

 - Reference frequency; ώ- Anelasticcoefficients;

ὅȡ‗ȟ‘ such that ‗ ς‘ ὗ ὅ (i=1,3);  ‘ ὗ ὅ (j=4,6)

Without attenuation, the system isconservative: self-adjoint structure of PDE
”Ἵ ὈὅὈἽ ȣ

Remark: true alsofor the first-order elastodynamicequationusingcompliance

but attenuationdestroys this self-adjoint structure Ą backwardpropagation isunstable
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Principles of FWI (à la Tarantola) 

No detectionof phases and no identification of thesephases: 
this shouldbe doneimplicitly by the forward problemΧ
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