Nuclear Resonant Studies at High P, T

Catherine McCammon

Bayerisches Geoinstitut, Universitat Bayreuth, Germany

BGI (@ _ UNIVERSITAT
McCammon - Nuclear Resonant Studies of Deep Mantle and Core Phases ... BAYREUTH

1




Acknowledgments

Bayerisches Geoinstitut
Leonid Dubrovinsky*
Innokenty Kantor*

Olga Narygina*

Jéerome Rouquette*
Xiang Wu*

Stefan Ubelhack

Sven Linhardt

ESRF (ID 18, ID27, SNB)
Ulrich Ponkratz*
Alexandr Chumakov*
llya Sergueev*

Rudolf Ruffer

Mohamed Mezouar
Vladimir Dmetriev

German Science Foundation SPP1236 (Mc 3/16-1)

BGI @
-’J . ..“

| ITA
McCammon - Nuclear Resonant Studies of Deep Mantle and Core Phases ... @ EEY\R/EE%HT T

2



The Earth beneath our feet ...

(Mg,Fe)(Si,AlO,
perovskite

upper mantle
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Modelling the Earth’s interior
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(Mg,Fe)(S1,Al)O, perovskite
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Previous XES data

Li et al. (2004)
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Previous NFS data

Jackson et al. (2005)

(Mg,Fe)SiO, pv
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Maossbauer study at high P, T

* Re gasket with 100 um hole
e 250 um culet diamonds

* starting material Fe; ;,Mg, 3sSIO; and

M0y g6F€0.14515.98Al0.0203

 61% enriched in ®>’Fe

» synthesis in multianvil press and/or by
7 Gasket laser heating (LH) in DAC

Diamond
Sample chamber

Epoxy -4 « 16 different loadings of DAC

e 119 spectra 0-89 GPa, 300-800 K

* mostly LH between measurements

 collection time 1-2 days each
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DAC external heater

100 GPa =1 x 106 bar

|. Kantor (2007) Ph.D. thesis
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Nuclear forward scattering
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NFS study at high P, T

« ESRFID18

 same DAC + sample as for MS
* 4and 16 bunch mode

» 32 spectrato 110 GPa, 1000 K
» collection time 1-2 h each

| external

heating

diamond anvil cell
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Room temperature spectra

Mg, ssF€p 125104 perovskite
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Hyperfine parameters & crystal structure

Cenlre shill (relative to c-Fa) (mm's)

Quadrupole spliling (mm's)
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Determination of spin state
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Temperature (°C)

Pressure-temperature paths
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High temperature NFS spectra
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High P, T stability of intermediate-spin Fe?*
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Intermediate spin Fe?*: High-T XES & NFS

Lin et al. (2008)
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Spin transition zone In the lower mantle
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Modelling the Earth’s interior
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Nuclear inelastic scattering
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NFS/NIS/XRD general setup
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NIS data for (Mg,Fe)SIO, perovskite

nuclear inelastic absorption density of phonon states
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Mean sound velocity

reduced DOS
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Seismic sound and shear wave velocities
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Summary

 MOssbauer resonance methods can probe materials to
at least 170 GPa and 1100 K

* NIS can directly probe properties available from direct
geophysical measurements of Earth’s interior

 MOssbauer (energy domain) and NFS (time domain)
provide important complementary information
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