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Data

Two datasetsweretested: thefirst oneconsistedof oldernormalmodesplitting measure-

ments(1,2) (with 15 degreetwo and7 degreefour structurecoefficients),andthesecondone

consistedof the mostrecentsplitting measurementsthat followedthe greatBolivia andKuril

Islandsearthquakesin 1994(3–5) (with 22 degreetwo and16 degreefour data). The choice

of datasetonewasbasedon the modesemployed by Tromp (6) to derive his first modelof

innercoreanisotropy. However, wedecidedto removemode����� , dueto apossibleoverlapping

with mode ����� , and � ����� , sinceit hasbeendemonstrated(7) that differentsplitting functions

could explain the spectrumof mode � ����� equallywell. We alsodiscardedthe measurements

madeby Giardini, Li & Woodhouse(8) becausetheir degreetwo splitting coefficientswere

systematicallysmallerthancoefficientsdeterminedin otherstudies(1–5). In theend,dataset

onewascomposedof degreetwo measurementsfor modes����� , ����� , ����	 , 
 ��� , ��� ��� , ��� ��	 , � ���� ,
� 	���� , � ����� , � ����� , ������	 , � � ��� , ������	 , ��	���� and ������� ; degreefour dataweremodes����� , ����� , ���	 ,

 ��� , ��� ��� , ��� ��	 and � ����� . Datasettwo wascomposedof degreetwo measurementsfor modes

����� , ����� , 	���� , ����� , ����	 , ��� � , ����	 , 
 ��� , ��� ��� , ��� ��	 , � ��� � , � ����� , � ����	 , � ����� , � ��� � , � ����� , � ����� , � � ��� ,
� � ��� , � � ��� , ������	 and ����� � , anddegreefour measurementsfor modes���� , ���� , 	��� , ����� , ����	 ,
����	 , 
 ��� , ��� ��� , ��� ��	 , � ����� , � ����	 , � ����� , � ���� , � � ��� , � � ��� and ������� . Original errorbarsfor degree

four dataof mode����� wereincreasedin datasettwo to accountfor discrepanciesbetweenthe

measurements.Modes ����� , ���� and � ����� werediscardedasin datasetonetogetherwith �� �
which is alsodifficult to measure.

Inversions:mantle correctionsand data fit

In two recentstudies(9,10), amodelspacesearchtechniquewasemployedto find families
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of mantlemodelsthat fit normalmodesplitting measurements.Theseensemblesof mantle

modelswererandomlysampled,accordingto their associatedprobabilitydensityfunctions,to

correctthe data. They gave rise to a family of inner coremodels,representedby the shaded

grey areasin Fig. (1) of themainpaper(thelimits correspondto two standarddeviations).Six

mantlemodels(11–16) resultingfrom theinversionof seismologicaldatawerealsoemployed,

yielding themodelsrepresentedin color.

The modelsof inner coreanisotropy resultingfrom thoseinversionsfit the recentnormal

modedatasetwith a � -misfit between3.5 and5.5 (dependingon the mantlemodelandthe

damping).For comparison,the innercoremodelobtainedby Tromp(6) gives ��������� when

dataarecorrectedwith SKS12WM13(16). Without innercoreanisotropy, the � -misfit varies

between9.1and10.9,dependingon themantlemodel.Without mantlecorrectionandwithout

innercoreanisotropy, ��� �"!���! .

The neighbourhoodalgorithm

Theneighbourhoodalgorithm(NA) (17,18) consistsof two stages.During thefirst stage,

themodelspaceis surveyedto identify thegooddata-fittingregions. In thesecondstage,the

NA employsaBayesianapproachto computetheposteriorcovariancematrixandthemarginals

associatedwith eachmodelparameter. The two stagesrequirethe tuning of two parameters

thatwill insure,firstly, thatall thegooddata-fittingareasaresampled,withoutbeingtrappedin

a local minimum,and,secondly, that the integralsof thesecondstageconverge. In our study,

fifteenmodelparameterswerebeingsearched:five splinecoefficientsfor threeanisotropicpa-

rameters.TheNA dividesthemodelspaceinto Voronoicells,which areuniquelydefinedand

space-filling.Eachcell containsonemodel,andcanthereforebeassociatedto a misfit value.

Themeasureof misfit wechoseis theusual � -misfit. During thefirst stage,#%$ modelsareiter-

atively generatedin the #%& bestdata-fittingcells,andthesearchis directedtowardstheregions
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wherethefit is thebest.To keepthesearchasbroadaspossible,thetwo tuningparameters#%$
and #%& werekeptequalandwe took careof thestability of our resultsby testingvaluesof #%$
rangingfrom 10 to 300. Thetotal numberof modelsgeneratedwasincreasedwith the tuning

parameters.Whensamplingthe spacewith 300 bestdata-fittingcells at eachiterations,we

generateda total of 150,000models.During thesecondstageof theNA, themodelsgenerated

in the first stageareresampledto produceprobability densityfunctionsassociatedwith each

modelparameter, or coupleof modelparameters,aswell asthe trade-offs amongthem. The

numberandthelengthof therandomwalksthatareperformedfor this resamplingalsorequire

the tuningof two parameters.We achieved theconvergenceof the integralswith 15 walksof

6,000stepseach.Convergencewasequivalentlyobtainedusinglongerwalks(walksof 15,000

steps).

Model spacesearch: mantle correctionsand data fit

We useddatasettwo describedin thedatasection(seetheabove). No covariancewasas-

sumedbetweendegreetwo anddegreefour data.Dataerrorsweregivenby theauthorsof the

measurements(3–5), andwereassumedto beGaussiandistributed.Thefit to thestronglysplit

mode����� is verygood,bothatdegreetwo anddegreefour. It is interestingtonotethatremoving

����� from thedatadoesnotchangetheresultsfor ' , but doesincreasetheuncertaintieson ( and

) ataradiusof 300km. As explained,wediscarded����� and � ����� alsohighly sensitiveto thein-

nercorestructure.Testsincluding����� and � ����� in theNA producedmodelsthathighlydegraded

thefit to mode���� andto travel-timedataat high epicentraldistances.Includingcomplemen-

tary measurementsof Widmer (2) didn’t changeour resultseither. We finally testedthat the

introductionof zonaldegreetwo andfour densityperturbationsin theparametrizationdid not

alter theresults.Thecorrelationbetweentheanisotropicparametersandthefit to thedatadid

notchangeeither. Weuseddifferentmantlecorrections: SB10L18(15), SKS12WM13(16) and

3



themostlikely *,+ , *-$ anddensitymantlemodelderivedwith theNA (10). Our resultsdid not

stronglydependon themantlecorrection.Only for mantlemodelSKS12WM13(16) our anal-

ysisproduceda significantproportionof innercoremodelswith a negativeP-wave anisotropy

at the innercoreboundarynot supportedby �"�/.�0 travel time data. We only show the models

obtainedusingthe mantlemodelof Resosvky andTrampert(10). It wasnot derived from an

inversion(the solutionis, therefore,not contaminatedby any regularization)and,in contrast

with mostmantlemodels,noscalingwasassumedbetweendensityandvelocityanomalies.

Travel time predictions

Randomdeviatesweredrawn from themarginal posteriorprobabilitydensityfunctionsof

eachmodelparameterobtainedfrom theNA to makepredictionsof travel timeanomalies.One

hundredthousandsmodelswererandomlygenerated,andpredictionsof travel time anomalies

werecomputedfor all of them,with differentray angles.We thushada distribution of pre-

dictionsfor eachray angle,andthewidth of thesedistributions,correspondingto 95%of the

predictions,wasusedto plot therangeof travel time predictionsin Fig. 4 of themainpaper.
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