Unravellingthe upper mantle heterogeneity 1‘romDIAS
Integrated multi-observableinversions
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Lithosphereupper mantle thermochemical structure:
why bother?

V Mantle flow informing plate tectonics density+viscosity

V Whatsupportsthe 9 | NBuKa@eiopography?

V Coolingof oceanidithosphere half-spacevsplate model?

V Mid OceanidRidgescompositiontemperature,spreadingate
V Mantle plumes temperatureand composition

V Stabilityof cratoniccontinentallithosphere



Many technigues/observations:
just ONE Earth.

Seismic
Velocity
models

Electrical
Conductivity
models

Density
models




New WINTERGravglobal upper mantle thermochemical model

Satellite gravity Seismic tomography

Geometry, Composition, viscosity

V Jointly modellingwaveform tomography, elevation and satellite
gravity data
V Sensitivity analysis of different data sets



U Connect mineral physics & petrology &
thermodynamics with geophysics

Lithospheric structure:
Crustal layers: p, k., H,v,,v,,Q,.0,
Mantle layers: Composition, v, k,,, H,,K., K,

Surface heat
flow
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Compare
output and
observed data

Elevation d.Surfa.ce wave MT responses
ispersion curves
: .

Potential fields I

U Integrated 1-,2- and 3-D forward and inversion regional
modelling software: LitMod (Afonso et al., 2008, Fullea et al.,
2009)



New WINTERGravglobal upper mantle thermochemical model

Fulleaet al., in prep
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V Two step global inversion:
x Step 1 WINTERC: 18urface wave , surface elevation, heat flow
x Step 2WINTERQrav3D- gravity field data
V Thermodynamic parameterization of physical properties (rho, Vg): LitMod built in

V Focus on the lithospher@ippermost mantle: temperature and composition



WINTERC: seismic data

Waveforminversion

6.3-41.1 mHz

Seismogrameflectingd | NJi K Q2
W\}\WMWM structure along a path
o s connecting earthquake and

seismometer

750 1000 1250

time, s
period, s
perod: 102924 10 20 %0 100 =200
6 .,
g
5 %
4 8
B — 3
2D Phasevelocitymaps Phase velocity dispersion curves for
each point (geographicalcoordinates
grid).

V 3D distribution of seismic velocities, currently using 6242 stations and 25496 events
worldwide

V Sensitivitymostlyto temperatureandalsocomposition
V 12,500 1D Columngabout200kminter knot spacing)



WINTERQrav. gravity field & elevation data

3D Satellitegravity data (GOCEXGM2016

Geoid anomaly (XGM2016) — GraV|ty gradlents
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V Surfaceelevationis approximatelyin isostatic V Sensitivityto densitydistribution
equilibrium(exceptdynamictopography) V Gravitydatainversion Intrinsicallynon-unique
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WINTERC, step 1: inversion setting

Radial anisotropy (%)

4 6

1D Inversionof surfacewavetomographydata, elevationandheatflow

Crustalstructure density seismicvelocities,heatproductionandthickness

Mantle structure Thermal lithosphere (LAB) and sublithospheric temperature
composition
Radialanisotropy

mantle



WINTERC, step 1: inversion setting
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* Correlation between oxides regardlessof tectonic age or
facies from petrological data base (>2900 samples from
xenoliths,perid. Massifsand ophioliteg (Afonsoet al., 2013
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Melting trend

V Mantle composition describedby Al203 and FeO independent variables(CaOand

MgO=F(A203))

V Chemicaparameterizatiorfollowing melting trend, analogougo pyrolite (Harz+basaljt



3470}

3460

(ap]

£ 3450}
X< 3440}
@ 3430}

@
Q 3420}

3410

3400k
0

WINTER&ray, step 2: inversion setting
Physicapropertiesderivatives@ P=/.6 Gpaand FeG=7.9 wt% (Perple_X
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WINTERQray, step 2: gravity field

V 3D Gravitydata inversionregularizedby temperature & composition from WINTERC
(stepl: surfacewave,elevationand SHFdata)

V Variablesfor the gravity inversionare the composition (ARO3) of lithosphere and
sublithosphereand crustaldensity

V Geoid anomaly constrainsupper mantle density, gravity grads@55 km constrain

crustaldensity
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WINTER&rav. new crustal model

Differencesin crustalthicknessfor WINTERC _grawith respectto CRUSI.O (within the uncertainties
statisticallyestimatedfrom Szwilluset al., 2019

Crustal model Szwillus (GSC) Uncertainty
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V Geometry (Moho depth, upper
mid/lower crust)variations

V Vs,Vpuppermid/lower crust

V Averagedensity
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WINTERGQrav. Lithosphere &mantle composition

Moho depth Lithospheric thickness

(m)

AlI203 Lithosphere
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HighAIRO3A fertile, low Mg#, LowAI2O3A réfractdry, high Mgt | | |
Mantle plumes fertile and hot; Cratonsrefractoryand cold
Sublithospheras more refractoryin Pacificthan Atlanticand Indianoceans



WINTERGQrav. temperature
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V Mantle plumesare warmerthan the ambientmantle

V Continentalcratonic coresremain cold down to the transition zone (SpeciallyN America,E
Europeand W Australia)



density @200 km depth density

-180° -120° -60° 0 60" 120 180’ -180° -120" -60°
T e

WINTER@rav. density (T,C)
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V Density=F(temperaturgComposition

V Densessublithospherianantlein EasternEurope



WINTER&ravuncertainties: Posteriorcovariancesstep 1
Waveformtomography+elevation+SHF

Moho depth Temperature @ 200 km AlI203 Lithosphere

[ s e —— s —
0 0 20 3 4 S 60 70 8 9 100

LAB depth Temperature @ 400 km

.-p“o 2

‘E—.‘rﬁ’ =

180" 240" 300" 0 60" 120 180°

10 ——— T e T
100 0120 0124 0128 0132 0360006 0148 0152 0156 0.160

V Eachmodelcolumn full covariancematrix
V Thermallithosphericthicknesdgsthe bestresolvedparameter
V Uncertaintyincreasesith depth (temperature,compaosition)



WINTERQravuncertainties: Posteriorcovariancestep 2

Gravity field
Average crustal density Average mantle composition
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V Covariancematrix computed at coarser model resolution (20 deg) but full

resolutionat observations™O ( L )

V Crustdensitybetter resolvedin continentsthanin oceans

V Mantle compositionbetter resolvedin oceanghanin continents



WINTERGQ@rav. 1D average temperature and density

Temperature Temperature
800 1000 1200 1400 800 1000 1200 1400 1600
_5[' P P R PR BT PR L _5[] ..................
~100 4\ - -100 - B
-150 - -150 1 -
-200 - - E —200 - -
J:
o
—250 = ) =250 =
0
=300 - - =300 - -
—350 ~ = =330 - =
=400 - =400 - -

33%0I3460I34%DI35h0I3§5ﬂl35bD
Density
V Averageadiabaticgradient0.55-0.6 K/km (depth>200km)

V Averagemantle potentialtemperature1300-1320C(depth >200km)



WINTERGQrav. 1D average seismic velocity
Vp Vs
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V Solid line WINTER@Qray dashed line: AKL35 dotted line PREM, solid green Vs
Schaeffer&lLebede2013

V Uniform Vs gradien throughout the upper mantle (no need for 200 km discontinuity or
aradientincrease)
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WINTER@rav. Average radial anisotropy
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WINTERGQrav. Isostatic/dynamicelevation

|sostaticresidualelevationWINTER@rav
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V Good agreement in oceans with
independently derived residual
maps

V In continents residual/dynamic
published models show more
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WINTERGQrav. Isostatic/dynamicelevation

|sostaticresidualelevation WINTERQ@rav density @200 km depth
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V Only partial correlation between upper mantle density anomalies
(positive/negativeand residualisostaticelevation(positive/negative)

V Discrepancieareworseovercontinents(e.g., E Europe,Greenland)

V Possiblecontribution from lower mantleand CMB(?)



Lithospheric composition

Lithospheric thickness
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V Most cratonsare refractory

V Plumesare hot in the sublithosphereand
fertile in the lithosphere
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