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What about Fe?

 D”Is where the liquid Fe outer core meets
the crystalline silicate mantle

— Fe-rich ppv
— ULVZ
— Seismic anisotropy
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Experimental

Samples

— Orthopyroxenes: Fs10 (Mg, oFe, ;)SIOs,,
Fs20, Fs40, Fs60, Fs80

Thermal insulation
— NaCl, Sio,

X-ray beam

Internal pressure standard
— Pt, NaCl

v

e

Gasket
— Re, Be + graphite insert

AN\

diamond anvil



Synchrotron XRD and laser-heated DAC

Image plate

13-1DD, GSECARS 130 GPa

» Gasket hole ~ 60 nm (culet =150 nm,
bevel diameter = 300 nm)

e X-ray beam ~ 6 x 7 nm

e Double-sided Nd:YLF laser heating

16-1DB, HPCAT
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Fe-Mg partitioning: unsettled issue
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Relative intensity

Fe-Mg partitioning: unsettled issue

120 GPa
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Diffraction angle (2¢)

Starting composition: Fa30
(Feo3Mgg7),SIO,, Fads

After decompression, recovered mw
had lattice constant, a, = 4.2336 A
which corresponds to a
composition: Fe, ,,Mg, -0

For mass balance the ppv phase
has a composition: Fe, ;;Mg, 5;SI0,

Fe partitions strongly into ppv
phase?



How does Fe affect V?

Fs40, ppv
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Nuclear resonant x-ray spectroscopy (NRXS)

I Synchrotron 5’Fe
Vrem «—renmaanete Mossbauer spectroscopy
<+— magnetic

time
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g(w) density of states

Phonon density of states

Debye Model
// y
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UD Up US 0 | 2I0 4IO 6I0 80 1(I)0 120
w Energy (meV)
Vp, km/sec Vs, km/sec n
PREM, mantle side of CMB 13.72 7.26 0.30
ULVZ (Thorne, JGR 2004) 12.35 5.08 0.40
Fs40 ppv at 130 GPa-300 K 12.72 4.86 0.41
Fs40 ppv at 130 GPa-3000 K 11.91 4.05 0.43




Fe in ULVZ

* Fe-rich ppv has low enough V, to
explain the depression of velocity
in ULVZ

 When Fe-poor mantle contacts
core, a thin layer of Fe-rich ppv
forms

« Mantle convection sweeps the thin
layer into a thickened pile to form
ULVZ



Radial x-ray diffraction
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Magnitude of waviness
-- deviatoric strain & shear strength

Magnitude dependence on hkl
-- elasticity tensor

Intensity vs azimuthal angle
-- |attice preferred orientation




Deformation of a germanate analog

In contrast with phenomenological
considerations suggesting (010) as a
slip plane, lattice planes near (100)
became aligned perpendicular to the
compression direction, suggesting that
slip on (100) or (110) dominated
plastic deformation.
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Determination of single-crystal elasticity tensor
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Linear compressibilities of ppv at 140 GPa

6.24
6.22

6.2 1
6.18 -
6.16 -
6.14 -

6.12 ] C

Ca = S11+ S12+ S13

8.24 1

8.2

8161 P Cb = Spo + S12 + 823

Lattice parameter (A)

2.5 1
2.49 A

2.48 CC — 833 + 813 + 523

2.47 A
2.46 A a

245 —/——F———— 77—
95 105 115 125 135 145

Pressure (GPa)

C11 Co2 C33 C12 C13 Co3 Cs4 Css Ce6

In GPa 1129 1011 1119 814 722 805 97 124 229

& &



Theoretically determined velocity anisotropy

MgSiO5 ppv



Possible implications
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« Very large azimuthal V¢ anisotropy,
(VS,max -V )V = 44%

S,min S,aggregate

« Small azimuthal V, anisotropy,
(VP,max -V )/V = 8%

P,min P,aggregate

This implies:
 Seismically observable V¢ splitting

even with the 100 slip plane and
low degree of LPO

* No seismically observable V,
anisotropy



Current/Future work in D”

Clapeyron slope of pv-ppv
— Topography of the top of D”
— Double crossing

Melting of ppv
— CMB Temperature

FTIR and visible spectroscopy
— Radiative heat transfer in D”

Brillouin spectroscopy
— Elasticity of low-Fe ppv

Element partitioning among pv, ppv, mw, and Fe
— Geochemistry of D”






Experimentally determined velocity anisotropy
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