Supplementary Material to’Global Azimuthal Anisotropy in the Transition Zone' by J.

Trampert and H. J. van Heijst.

Selection of anisotropic parametersand seismic data

It is importantto determinewhich anisotropicparametersre mappedin the mostrobust
way from given seismicdata. Two independentonstraintf the so-calledLove-Rayleighin-
compatibility have to resolhe the 5 Love parameter®f radial anisotropy. This givesrise to
considerabléradeofs which cannotbe eliminatedwithout furtherassumptionsSimilar to the
tradeofs in theazimuthallyaveragederm,the 2¢) termsfor Rayleighwavesdependimultane-
ouslyon 3 parametersOnly for Love wavesaretheazimuthakermsfreeof tradeofs, depending
ononeelasticparameteeach.

We selectedvertonesat 17 differentfrequenciegor which we hadmorethan5,000mea-
surementgach with acceptabl@zimuthalcoverageto beableto solve upto the4q terms.The
overtoneshave the periodsof 153,132,114,100,88, 78,70,62,56,51,47 and43 secondgor
thefirst overtonebranchand 100, 89, 78, 69 and 63 seconddor the secondovertonebranch.

Detailsof the measuringechniquecanbefoundin vanHeijstandWoodhous€1 ,2).

Construction of azimuthally anisotropic phase velocity maps

The azimuthallyanisotropicphasevelocity mapsare constructedisinga techniguebased
uponthe expansionin generalizedsphericalharmonicsof the local phasevelocity. Eq. (1)
of the maintext canbe rewritten as%(w,a/)) = ap(w) + Teie; + oijreie;ene; Wheree is a
unit vectorin the sphericalsurfacein the directionof propagatiorof the surfacewave ray.
ando arecompletelysymmetricandtracefree secondandfourth ranktensors.The canonical
contravariantcomponent®f thesetensorq3) arerelatedin asimplewayto the2y (771, 777)
and4 (o*t+*t*, 0~~~7) termsin sineandcosineof propagatiorazimuthz). Pathintegralsof

thephasevelocity perturbatiorcaneasilybecalculatedn termsof theexpansiorncoeficientsof



7t ando ™t by rotationto a coordinateframein which the source-receker pathlies along

theequator

Searching for the strength of azimuthal anisotropy in the phase velocity maps
Constructinganisotropicphasevelocity modelsamountsto addingmore free parameters
comparedo theisotropiccase.Theimportantquestions to know whetheranisotroy explains
thedatabetteror whetherabettervariancereductions merelydueto anincreaseshumbetrof pa-
rametersTo investigatehis, we addaweightingfactorbetweensotropicandanisotropiderms
in the costfunction. The costfunctionis of theform C' = ¢ + 1/)\|V?mg|? + 02/ A V2ma | +
04/ \|V?my,|? where) is anoveralldampingparametewhich controlsthetradeof betweerdata
misfit e andsmoothnesflaplaciandamping)of the 0+, 2¢» and4¢> modelcomponentsf, and
0, determinethe relative strengthof azimuthalanisotroy. Smallvaluesgive preferenceo the
isotropictermsandhighervaluesallow moreazimuthalanisotropy in the model. We minimize
C mary timesvarying systematicallythe differentdampingparametersWe plot the obtained
misfit curvesasunexplaineddatavarianceasafunctionof thenumberof usedmodelparameters
(traceof theresolutionmatrix) determinedy . Thisgivesustheoverallstrengthof anisotroy
requiredby the datafor a givendamping.Theisotropictermis expandedo degree40 andthe
anisotropictermsto degree20 in generalizedsphericalharmonicavhich amountgo atotal of
3405free parametersWe typically invert for 500 independenparametersvhich givesa long
wavelengthmodelonly. Theover-parameterizatiotogethemith the Laplaciandampingavoids
spectralleakage(4) in our modelsandgivesan unbiasedow degreeexpansion.We find that
overallthe datarequirethe anisotropiderms(a; (w) — ay(w)) in Eg. (1) of the maintext to be
weightedl10timeslessthanay(w) (Fig. S3)giving thuspreferencéo theazimuthallyaveraged
term. Becausehe datadecideuponthe optimal strengthof the azimuthalterms,the tradeof

betweerthedifferenta;(w) is small(Fig. S2).



Classical inver setheory ver sus Backus-Gilbert

Most often, in linear inverseproblems,a costfunction is definedwhich containsa term
describingthefit to the dataanda termallowing for constraintson the modelparameterge.g.
R. SniederandJ. Trampert ) nverse Problemsin Geophysics, (http:samizdat.mines.edii999)].
In minimizing sucha costfunction, the compromisebetweerfitting the dataandconstraining
the modelresultsin a modelresolutionshaving generallystrongoscillationswhich make a
depthinterpretationfar from straightforward. In a Backus-Gilbertinversionthe resolution

kernelis optimizedtowardsa desiredshapewhich reduceghesidelobesonsiderably
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Fig. S1. Sensitvity kernelsfor theanisotropigparameter§ andE calculatedn PREM(5) for

thefirst Love wave overtoneat 132 secondsThekernelsspecifyhow a4 (w) andas(w) (Eq. 1,
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maintext) arerelatedto G andas(w) anday(w) arerelatedto E asa functionof depth. Note
the strongsensitvity of the toroidal overtoneto the 2¢) variationof the verticalshearvelocity.

A fundamentaimodelLove wave would have a G sensitvity about10timessmaller
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Fig. S2. Contractedesolutionoperatorfor thefirst Love wave overtoneat 132 seconds.The
full resolutionmatrix is a 3405 by 3405 matrix difficult to represent.Instead,we put a pure
degree 01, 2¢ or 4¢) input modelthroughthe resolutionoperator We separatehe output
modelin its 0y, 2¢) and 4y» componentsand expresstheir power relative to the total input
power. This givesanindicationof the resolution(diagonalblock) and cross-talkbetweenthe
differenty) components.The labelsshowv the azimuthalcomponent®of the input and output

model,respectrely. An isotopicinput modelgave no contritution to azimuthaltermsandthe
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correspondingurvesarenot shavn here. The only existing tradeof is from 2¢) and4+ terms
to the isotropiconeswhich is of no consequenc#or this study Theimplemented.aplacian
dampingshowvs asa rapidlossin resolutionof the diagonalterms(niy) — n1) with increasing
degree. For differentovertonesthesediagonaltermshave differentslopes.Only degree2 for

21» anddegree4 for 41 have the sameresolutionfor all overtones.
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Fig. S3. Misfit curvesfor someselectedraluesof relative anisotropioweightst = 6, = 6, as
labeledon thefigure. The smallerd, the moreweightis givento isotropicstructures.Clearly,
from 250parametersnwardsintroducinganisotropy is moreefficientin explainingthedata.lt
is difficult to discriminatebetweerthe exact strengthof anisotroy anda conserative point of

view leadsusto chooseaweightof 0.1. Theexampleshawn is for thefirst Love wave overtone
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at132seconds.
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Fig. $4. Correlationbetween? fastdirectionsW; and ¥, definedascos(2 x (V; — Uy)). If
the 2 directionscoincide,the correlationis 1, if they areperpendiculathe correlationis -1. A:
Correlationbetweenthe 21 term of the 100 secondundamentamodeRayleighwave model
andthe correspondind-ove wave overtoneprediction(Fig. 2, main text). Poorcorrelation

occurswherethe amplitudeof oneof the fieldsis very low which makesit difficult to define



adirection. B: Correlationbetweerthe 21 term of the Love wave overtonepredictionof the
100 secondundamentamodeRayleighwave model(Fig. 2B, maintext), which we take asa
proxy (invertedfrom the samedataset)to anisotropy in the shallover mantle,andour results
for thetransitionzone(Fig. 3B, maintext). In the WesternPacific and Eurasiathe directions

areperpendicularbut in otherplacesdirectionsarecloser
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