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Selection of anisotropic parameters and seismic data

It is importantto determinewhich anisotropicparametersaremappedin the most robust

way from givenseismicdata.Two independentconstraintsof theso-calledLove-Rayleighin-

compatibility have to resolve the 5 Love parametersof radial anisotropy. This givesrise to

considerabletradeoffs which cannotbeeliminatedwithout furtherassumptions.Similar to the

tradeoffs in theazimuthallyaveragedterm,the
���

termsfor Rayleighwavesdependsimultane-

ouslyon3parameters.Only for Lovewavesaretheazimuthaltermsfreeof tradeoffs,depending

ononeelasticparametereach.

We selectedovertonesat 17 differentfrequenciesfor which we hadmorethan5,000mea-

surementseach,with acceptableazimuthalcoverageto beableto solveupto the � � terms.The

overtoneshave theperiodsof 153,132,114,100,88,78,70,62,56,51,47and43secondsfor

the first overtonebranchand100,89, 78, 69 and63 secondsfor the secondovertonebranch.

Detailsof themeasuringtechniquecanbefoundin vanHeijstandWoodhouse(1 ,2).

Construction of azimuthally anisotropic phase velocity maps

The azimuthallyanisotropicphasevelocity mapsareconstructedusinga techniquebased

upon the expansionin generalizedsphericalharmonicsof the local phasevelocity. Eq. (1)

of the main text canbe rewritten as ����
�	��
 �������� �	� �������������������! "���$#&%'����������#(��%

where
�

is a

unit vectorin the sphericalsurfacein the directionof propagationof the surfacewave ray.
�

and
 

arecompletelysymmetricandtracefreesecondandfourth ranktensors.Thecanonical

contravariantcomponentsof thesetensors(3) arerelatedin a simpleway to the
���

(
�*)+) 
 �*,+,

)

and � � (
 )+)+)+) 
  ,+,+,+,

) termsin sineandcosineof propagationazimuth
�

. Path integralsof

thephasevelocityperturbationcaneasilybecalculatedin termsof theexpansioncoefficientsof
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-*.+. and / .+.+.+. by rotationto a coordinateframein which thesource-receiver pathlies along

theequator.

Searching for the strength of azimuthal anisotropy in the phase velocity maps

Constructinganisotropicphasevelocity modelsamountsto addingmore free parameters

comparedto theisotropiccase.Theimportantquestionis to know whetheranisotropy explains

thedatabetterorwhetherabettervariancereductionismerelyduetoanincreasednumberof pa-

rameters.To investigatethis,weaddaweightingfactorbetweenisotropicandanisotropicterms

in thecostfunction. Thecostfunctionis of theform 021436587�9(:<;>=@?BADCE; ?F5HG ? 9I:J;K=L?MA ? ; ?N5
G&OP9I:<;>=@?MADOE; ? where: is anoveralldampingparameterwhichcontrolsthetradeoff betweendata

misfit 3 andsmoothness(Laplaciandamping)of the Q�R , S�R and T�R modelcomponents.G ? and

G&O determinetherelative strengthof azimuthalanisotropy. Smallvaluesgive preferenceto the

isotropictermsandhighervaluesallow moreazimuthalanisotropy in themodel.We minimize

C many timesvaryingsystematicallythedifferentdampingparameters.We plot the obtained

misfit curvesasunexplaineddatavarianceasafunctionof thenumberof usedmodelparameters

(traceof theresolutionmatrix)determinedby : . Thisgivesustheoverallstrengthof anisotropy

requiredby thedatafor a givendamping.Theisotropictermis expandedto degree40 andthe

anisotropictermsto degree20 in generalizedsphericalharmonicswhich amountsto a total of

3405freeparameters.We typically invert for 500 independentparameterswhich givesa long

wavelengthmodelonly. Theover-parameterizationtogetherwith theLaplaciandampingavoids

spectralleakage(4) in our modelsandgivesanunbiasedlow degreeexpansion.We find that

overall thedatarequiretheanisotropicterms( UJVXWZY\[*]HU^O_WZY\[ ) in Eq. (1) of themaintext to be

weighted10 timeslessthan U�C_W	Y\[ (Fig. S3)giving thuspreferenceto theazimuthallyaveraged

term. Becausethe datadecideuponthe optimal strengthof the azimuthalterms,the tradeoff

betweenthedifferent Ua`MW	Y\[ is small(Fig. S2).
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Classical inverse theory versus Backus-Gilbert

Most often, in linear inverseproblems,a cost function is definedwhich containsa term

describingthefit to thedataanda termallowing for constraintson themodelparameters[e.g.

R. SniederandJ.Trampert,Inverse Problems in Geophysics, (http:samizdat.mines.edu,1999)].

In minimizing sucha costfunction, thecompromisebetweenfitting thedataandconstraining

the model resultsin a model resolutionshowing generallystrongoscillationswhich make a

depthinterpretationfar from straight forward. In a Backus-Gilbertinversionthe resolution

kernelis optimizedtowardsadesiredshapewhich reducesthesidelobesconsiderably.
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Fig. S1. Sensitivity kernelsfor theanisotropicparametersG andE calculatedin PREM(5) for

thefirst Lovewaveovertoneat132seconds.Thekernelsspecifyhow b6cXdZe\f and b�ghd	e\f (Eq. 1,
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main text) arerelatedto G and i�jhk	l\m and i�nhk	l\m arerelatedto E asa functionof depth.Note

thestrongsensitivity of thetoroidalovertoneto the o�p variationof theverticalshearvelocity.

A fundamentalmodeLovewavewouldhaveaG sensitivity about10 timessmaller.
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Fig. S2. Contractedresolutionoperatorfor thefirst Love wave overtoneat 132seconds.The

full resolutionmatrix is a 3405by 3405matrix difficult to represent.Instead,we put a pure

degree q�p , o�p or r�p input model throughthe resolutionoperator. We separatethe output

model in its qsp , o�p and r�p componentsand expresstheir power relative to the total input

power. This givesan indicationof the resolution(diagonalblock) andcross-talkbetweenthe

different p components.The labelsshow the azimuthalcomponentsof the input andoutput

model,respectively. An isotopicinput modelgave no contribution to azimuthaltermsandthe
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correspondingcurvesarenot shown here.Theonly existing tradeoff is from t�u and v�u terms

to the isotropiconeswhich is of no consequencefor this study. The implementedLaplacian

dampingshows asa rapid lossin resolutionof thediagonalterms(wxuzy{wxu ) with increasing

degree.For differentovertones,thesediagonaltermshave differentslopes.Only degree2 for

t�u anddegree4 for v�u have thesameresolutionfor all overtones.
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Fig. S3. Misfit curvesfor someselectedvaluesof relative anisotropicweights |~}2|&�@}2|&� as

labeledon thefigure. Thesmaller | , themoreweight is givento isotropicstructures.Clearly,

from 250parametersonwardsintroducinganisotropy is moreefficient in explainingthedata.It

is difficult to discriminatebetweentheexactstrengthof anisotropy anda conservativepoint of

view leadsusto chooseaweightof 0.1.Theexampleshown is for thefirst Lovewaveovertone
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at132seconds.

Fig. S4. Correlationbetween2 fastdirections�@� and ��� definedas ���(�P���L�����@���������B� . If

the2 directionscoincide,thecorrelationis 1, if they areperpendicularthecorrelationis -1. A:

Correlationbetweenthe ��� term of the 100 secondfundamentalmodeRayleighwave model

and the correspondingLove wave overtoneprediction(Fig. 2, main text). Poorcorrelation

occurswherethe amplitudeof oneof the fields is very low which makesit difficult to define
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a direction. B: Correlationbetweenthe ��� term of the Love wave overtonepredictionof the

100secondfundamentalmodeRayleighwave model(Fig. 2B, maintext), which we take asa

proxy (invertedfrom thesamedataset)to anisotropy in theshallower mantle,andour results

for the transitionzone(Fig. 3B, main text). In theWesternPacific andEurasiathedirections

areperpendicular, but in otherplaces,directionsarecloser.
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