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ConstraintsonchemicallayeringofEarth􀆳smantle
fromtopographyofthe６６０Ｇkmdiscontinuity

Figure　Powerspectraldensityofthefreesurface(groundsurface)and６６０Ｇkminterface
assampledbytheraypathofseismicphaseP􀆳SurfP􀆳andP′􀅰６６０􀅰P′respectively．

WiththesupportfromtheNationalNaturalScienceFoundationofChinaandChineseAcademyof
SciencesaswellasMinistryofScienceandTechnologyofChina,theresearchteamledbyProf．NiSiDao
(倪四 道)attheState KeyLaboratoryofGeodesyandEarth􀆳sDynamics,InstituteofGeodesyand
Geophysics,ChineseAcademyofSciences,foundtheseismologicalevidenceofsmallscaletopographyof
the６６０Ｇkmmantlediscontinuity,whichaspublishedinScience(２０１９,３６３:７３６—７４０)．

Thegloballyobserved６６０Ｇkmseismicdiscontinuitydefinesthetopofthelowermantleandiscommonly
understoodtoinvolvethephasetransitionofthemineralringwooditetobridgmaniteandferropericlase．
Severallinesofevidencesupporttheboundarybeingduetothephasetransitionalone,whichleadsto
wholemantleconvection．However,othergeochemicaland mineralogicallinesofevidencesuggesta
chemicalinterface,whichrequiressomesortofdominantlylayeredorcompartmentalizedconvectionin
ordertomaintainchemicaldifferencesbetweentheupperandlowermantle．Seismicwavescanbeusedto
measuremanyfeaturesofthediscontinuityrelatedtothephysicalpropertiesattheboundary,including
sharpness,density,elasticitycontrast,andtopographicvariations．

Topographicvariationprovidesessentialcluesforunderstandingthenatureofthe６６０Ｇkmdiscontinuity．
Thescaleofroughnessonaboundaryprovidesinsightintothedynamicprocessresponsibleforthe
topographicvariations．PreviousmethodsrevealthelargeＧscale(~１０００km)topographyandintermediateＧ
scale(~１００km)．InordertodeterminethesmallＧscale(~１０km)topographicvariationsofthe６６０Ｇkm
andthe４１０Ｇkmseismicdiscontinuities,theyusethescatteringofshortperiodwaves．Theychooseseismic
waveformsatsmallangularepicentraldistances(e．g．０°—４０°),whereasymmetricalscatteringwavesP′􀅰
d􀅰P′arereadilyobservable．Thetopographicvariationsofthe６６０Ｇkmdiscontinuityareconstrainedfrom
theamplitudesofP′􀅰６６０􀅰P′．

SmallＧscale topography
ofthe６６０Ｇkm boundary,
oralesslikelythinlayerof
volumetric heterogeneities,
wouldbestbeexplainedwith
a chemicalorigin．Some
regions lack smallＧscale
topographyofthe６６０Ｇkm
interface,implyingaglobally
discontinuouschemicallayer．
Their observations support
simulationsthat describe
subductingslabsastransient
featuresofthetransition
zone, which eventually
penetrateinto thelower
mantle．Theyalsosupporta
picture of partiallyＧblocked
upper to lower mantle
circulation,whicheffectively
alternates between layered
andwholeＧmantleconvection．


