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Supplementary Text

This study employsarray analysesf a scatteredvaverelatedto PKKP in orderto map
fine scaleheterogeneitiegn E a r tlotv@nsostmantle.We use14 small apertureseismicarrays
of which 6 are equippedwith broadbandsensorsand 8 are dominantly short period sensors
(Table S1). They rangein aperturefrom 4 to 31 km and have betweenl16 and 28 sensor
elements,making them ideal for studyingthe directional characteristicof scatteredseismic

waves.

Data collection

We collectverticalcomponentecordngs of eventsreceivedat thesel4 arrays We selectevents
within 60 degreedor thearraywith magnitudesbove6.0 asreportedin the ReviewedEvents
Bulletin (REB) (EngdahlandGunst,1966) Forthe 13 InternationaMonitoring System(IMS)
arrayswe collecteventsfrom 1995to 2012,while for Gauribidanurwe collecteventsfrom

1985to 1996.

istribution of inal .

We detectscatteringheterogeneitiewithin thelowermostmantle.Theresolveddistributionof
scatteringheterogeneities partly a functionof the samplingof the Earthby theavailable
sourcesandreceivergFig. 3e). We accountfor thevariability in samplingto revealtheuneven
distributionof heterogeneitiethroughouthe lower mantle(Fig. S1). Wefind scattering
heterogeneitietd be morecommonin the northwesterrPacific, northwesterrAtlantic, eastern
Africa, off the coastof CentralAmerica,theIndianOceanand,in particular,southeastern

Africa.
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We exploretherelationshipbetweenarge scalemantlestructureandseismicscatteringoy
compaing our resolvedocationsof scatteringheterogeneitieto S-wavetomographymodels
andP-wavemodels(Fig. S2). Low seismicvelocitiesdefinethe LLVP s andareoftenmore
pronouncedowardsthe centreof the LLVP's, while stronglateralvelocity gradientsare
commonlylocatednearthe marginsof LLVPs (Thorneetal., 2004).For eachmodel,we
calculatelateralvelocity gradientqn (dVs)) measureavera horizontaldistanceof 10°. The
varioustomographianodels epecially shearwavemodels presensimilar structuresatlarge
scalesbut significantdifferencesarepresenfor smallerlengthscalesThevelocity gradients
displaymorevariability betweermodelsthanvelocities,andevenmoresofor the P-wave
models However largerscalepatternsarebroadlysimilar. We compareour mappedscattering
heterogeneitieto differenttomographicallyderivedvelocitiesandgradientgo establishf

observegatterngdependuponspecificmodels.

We seekto comparescatteringheterogeneityocationsto strengthof lowermostmantlevelocity
anomaliesandgradientdor themodelsof Fig. S2. Thedifferenttomograpic modelsvary in
magnitudeof the velocity perturbations thuswe pursueour correlativeanalysisby considering
percentagesf highestandlowestvelocity anomaliesandgradientsasafunctionof cumulative
CMB areadisplayedn theright two columnsof Fig. S2 In whatfollows we considerthe
tomogaphicvelocity andgradientdistributionsby area(accordingto anomalystrength asjust
discussed)andcountour mappedscatteringheterogeneitieaccordingto thearealevel. In

Figure8, we displaya compositeof the spatialrelationshipbetweerscatering heterogeneities
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andthelow velocitiesandhigh gradientdrom all 7 tomographianodelsconsideredasa
functionof cumulativearea.For example for the comparisorof scatteringheterogeneitie® the
highestvelocity anomaliesthe horizontalaxisrangesrom smallareagon the left partof the
plots) containingthe very highestvelocities,to thengraduallylargerandlargerareaswvhich
includedecreasingelocity amplitudegtowardstheright of the plots). This measures not
influencedby the actualmagnitudeof velocity anomaliesandthussimilarly assesseagreement
of scatteringocationsto tomographianodelscontainingdifferentheterogeneitamplitudes.
Figs.S3andS4displaytherelationshipbetweerscatteringheterogeniéies andhigh gradients,
low gradientshigh velocities,andlow velocities,andalsotherelationshipbetweerscattering
heterogeneitieandrandomlyrotatedtomographianodels for all 7 modelsindividually. The
grandmeanandpooledvariance(displayedn Figure8) arecalculatedrom theindividual

relationshipshownhere.

Overall,despitevariationbetweermodelswe find thatscatteringheterogeneitieare
preferentiallylocatedin regionsof the highestgradientsandmoderatelylow velocities,andshow

eitherno preferencer anaversionto low gradientsandhighervelocities.

In Figures9a and9b in themaintext, we displaythe spatialrelationshipbetweerscattering
heterogeneitieandthevelocity anomaliesn tomographianodelS40RTS(Ritsenaetal., 2011)
alonga crosssectionfrom 140¢° W, 0° N to 70° E, 0° N. In Fig. S5we display4 differentcross
sectionghatdemonstrat¢hatscatteringheterogeneitieshowan affinity for LLVP edgesata

rangeof latitudes.
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In Figures9c and9d in the maintext, we showa singlesnapshofrom a dynamiccalculationof
theinteractionbetweeroceaniccrust,ambientmantle andthermochemicapiles(Li etal., 2014)
usinga non-compressibleNewtonian fully Boussinesagalculation(MoresiandGurnis,1996).
Thedistributionof crustandpilesevolveasthemodelrunsin time. Thetime parameterof the
modelis nondimensionabndis measuredn time steps.Themodelrunsfor 120,000stepsand,
from initiation of subductionthe crusttakesroughly 11,000time stepsto reachthe CMB. We
displaya selectedpartof theevolutionof themodel at four moretime steps(Fig. S6): 80,000,
82,000,84,000,and86,000.At all of thesetime stepsthe oceaniccrustis mostprevaleninear

theedgesf thethermochemicapiles.

To complementhe analysisof thelateraldistributionof scatteringheterogeneitiethe depth
distribution of scatteringheterogeneities comparedo tomographioselocity anomaliegFig.
S7) andgradientqFig. S8). We considerthe mappedscatteringheterogeneities 50 km thick
depthshellsandassociatehemwith tomographicallyderivedvelocity anomalies andgradients
sortedby magnitudan binsof 20% CMB area.For examplejn thefirst columnin Fig. S7a, the
darkestlueregionrepresentshe proportionof scatteringheterogeneities aregioncovering
20%of theC M B @rea which containsthe highes velocity anomaliesWe removesampling
biasby dividing the numberof scatteringheterogeneitieg each20% areabin (asa proportion
of thetotal scatteringpopulation) by the potentialsamplingin the samearea(asa proportionof
thetotal samplingpopulation)computedrom our samplingcoverage Thedarkblue partsof the
plot canbe comparedo thedarkredparts(the latter correspondingo thelowestvelocitiesin a
20% CMB area) which showthatsignificantly morescatterersrein lowestvelocity regions

thanin highestvelocity regions.This comparisonis shownfor 7 differentS-wavevelocity



101 tomographymodelsandfor 4 P-wavemodels We find that,aswasshownin Figs.S3 and$4,
102 scatteringheterogeneitiearemostcommonin regionswith moderatelyfow velocitiesandhigh
103 gradientsTherelationshipbetweerscatteringheterogeneitieandtomographicallyderived

104 velocitiesremainsfairly constanwith height,however 5 of the 7 modelsshowanincreasean the
105 proportionof scatteringheterogeneities regionsof high gradientswith increasingheight off
106 theCMB.
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Fig. S1. Scatteringheterogeneitiesormalisedoy sampling.Scatteringcountper 10° cell divided
by thenumberof sourcereceiverpairs(Fig. 1d) samplingthe samel0® cell. Ratio of scattering
to samplingis rescaledo settheaveragdo 0, thus1 and-1 represenmoreandlessscattering
thanaveragerespectivelyGreyshadingmarksthe extentof the sampledegion,henceareas
wherecolouredcellsareabsentaresampledut do notdisplayscatteringwhile white regions
areunsampledy this datasetBlack contoursmark 0% dVs in thetomographymodelS40RTS

(Ritsemaetal., 2011)
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