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High-pressure X-ray absorption measurement of FeS: K-edge absorption spectra of Fe
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Iron sulfide (FeS) is important material to consider the cores of terrestrial planets such as Earth and Mars. FeS has been knov
to undergo several structural and electro-magnetic phase transformations with increasing with pressure and temperature. F
takes a troilite structure (FeS I) and antiferromagnetic insulat@r € 598 K) at ambient condition, and it undergoes three
pressure-induced transitions from FeS | to FeS Il (orthorhombic MnP related structure) above 3.4 GPa and then to FeS I
(monoclinic phase), and further transition to FeS VI reported recently above 36 GPa. The structural transition from FeS Il to
[l is accompanied by a loss of magnetic ordering induced by high-spin to low-spin transition of Fe. In this study, we observed
electronic state of Fe in high pressure by X-ray absorption near edge structure (XANES) experiment combined with diamonc
anvil cell (DAC), for understanding the relation between structural transition up to FeS VI and electronic transition.

X-ray absorption experiments under high pressure were performed at the BL-3A in KEK-PF, Tsukuba, Japan. We compresse
powdered FeS sample with NaCl and measured X-ray energy dependence of absorption in the range of X-ray absorption ne
edge structure (7.0-7.2 keV) until 47 GPa. It was irradiated in three different beam diameters 0.1 mm, 0.3 mm and over 0.5 mm
We analyzed the difference of spectral patterns caused by change of structure and beam size. Absorption edges did not shov
significant difference in each structure. But the pre-edge of absorption edge became sharp with structural transformation to hig
pressure phase.
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Garnet is a major constituent mineral in the lower continental crust, upper mantle, and subducted slab. Gabbroic rock ir
slab transforms to denser elcogitic rock along with subduction. This larger density, which gives a negative buoyancy to slab, i
attributed to the existence of garnet. The abundance of garnet is thus a key to understand the dynamics of subduction. Elas
property of garnet is critical to constrain its abundance in subducted slab from seismic observations. We thus have studied elas
constants of a single-crystal garnet using a resonance method.

We used a natural single-crystal garnet of composition AIm80Py16Sps4 (source unknown). It was selected in terms of the
uniformity of crystallographic orientation examined by SEM-EBSD. The orientation of the single crystal was determined by the
X-ray precession method. The crystal was shaped into a rectangular parallelepiped (0.890x0.690x044Panimface was
polished flat & 1 micrometer) in an orientation parallel or perpendiculaf100}. The density, which is calculated from the
chemical composition analyzed with EPMA and the lattice parameter (a= 1.154(1) nm) measured by XRD, is 4.091(8) x 10
kg/m?.

The resonance spectrum was obtained from 3 to 11 MHz by using a measurement system specially designed for such a sm
sample (Yoneda et al., 2007, JJAP). Elastic constants were determined by repeatedly comparing the obtained resonance spect
with a theoretical one, which was calculated for trial values of elastic constantsCG, and C4 are determined to be 296.0,
111.2, and 94.4 (GPa), respectively. These are quite close to values previously reported for garnet single crystals with simile
compositions. We will also report the temperature dependence of elastic constants in this presentation.

o0000:0000,000,0000,000000000,00000000
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Ferrihydrite is a short-range ordered nano-crystalline iron (Ill) oxyhydroxide that has been recognized to play an important
role in iron cycling in environmental, biological, and geochemical processes. Despite intensive research for the two last decade
the exact atomic structure of ferrihydrite is not fully established and is still matter of debate. Atomic pair distribution function
(PDF) analysis is a powerful technique to obtain structural information of nanoparticulate materials. Michel et al. (2007) have
recently presented a structure for ferrihydrite that was determined using the PDF method and synchrotron X-ray scatterin
technique. In the study, the PDF analysis is used to investigate and compare the structure of 6-line ferrihydrite and dehydrate
ferrinydrite with the results of Michel et al. (2007). Ferrihydrite was synthesized by the method of Schwertmann and Cornell
(1991). TEM observations show that the particle size of the ferrihydrite is highly uniform with a size distribution between 3
nm and 5 nm. X-ray measurements were performed on a Rigaku RAXIS RAPID imaging plate area detector with sealed-tube
X-ray source (Mo-Kalpha radiation, lambda = 0.71073 A, graphite monochromated) operating at 50 kV and 40 mA. The X-ray
total scattering data were collected up to 2theta = 72.2 degree that corresponds to the value of Qmax = 10.4 A-1. The cryst:
structure of ferrinydrite was refined in space group P63mc, with a =5.974(2), c =9.130(2) A, V = 282.18 A3, spherical diameter
=2.09 (1) nm, and that of ferrihydrite heated was with a = 5.924(1), ¢ = 9.130(2) A, V = 277.48 A3, spherical diameter = 2.002
(4) nm, respectively. The crystal structures are composed of edge-sharing FeO6 octahedra and corner-sharing FeO4 tetrahec
which form a two-dimensional layer-like structure perpendicular to the ¢ axis. The tetrahedra exhibit significantly distorted
configuration such that three oxygen atoms are found at a distance of 1.96 A and the other at 2.08 A. The dehydration proce:
causes a unit cell contraction accompanied by a shrinkage of the a lattice parameter. The release of water molecules enhances
bond length and angular distortions of the octahedra and tetrahedra in ferrihydrite.
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Water affects physical property of minerals (e.g. elemental diffusion rates, melting points). Because small amount of watel
plays key roles in mantle rheology, precise knowledge on partitioning of water among mantle minerals is very important in un-
derstanding the earth dynamics. Rauch and Keppler (2002) investigated effect of Al content on water solubility in orthopyroxene
Al solubility of orthopyroxene decreases with increasing pressure above 3 GPa. Thus water partitioning coefficient may chang
significantly above 3 GPa. Moreover, Nishihara et al. (2008) indicated that substituting mechanism of OH in a mineral change:
considerably with concentration of OH. Although water partitioning has been studied by many workers under water saturatec
conditions, experiments under low OH concentration are very limited.

In order to investigate the partitioning coefficient of water between olivine and orthopyroxene under low OH concentration
(47200 ppm), we performed high-temperature and high-pressure experiments using Kawai-type multi-anvil apparatus (SPI-100(
and piston-cylinder apparatus at the Magma Factory, Tokyo Institute of Technology, using starting materials of natural olivine
(Ol; KLB-1) and synthetic orthopyroxene with various Al content (Opx; (MgzEeAIl 5, Si>_ . Og (X=0, 0.025, 0.05)). Powdered
minerals were enclosed in metal foil capsule (Ni, Mo) to form monomineralic layers with more than 300 micron meters in thick-
ness each and put it in a AJPd,5; capsule at pressures of 1, 3 GPa and temperature of°T30Dxygen fugacity was controlled
by Ni-NiO and Mo-MoG;, buffers. Water contents were obtained with a vacuum type Fourier transform infrared spectrometer
(FT-IR6100, IRT5000). Water content of minerals was calculated based on Paterson’s (1982) calibration. Run products wer
polished down to doubly polished slab. After polishing and prior to FT-IR analysis, samples were stored in a vacuum oven at
~120°C over night. Detection limit in the IR spectra at 3200-4000 ¢ris typically less than 1 ppm due to very low back ground
of vacuum type FT-IR.

Water partitioning coefficient between Ol and Al free Opx ar@D,.cc opz/01) = 172.3. On the other hand, that between Al
bearing Opx and Ol are Q; vearing opz/or) > 4.1. Thus Do, 01y becomes larger with Al content of Opx. At constant tem-
peratures, Al solubility of orthopyroxene stays nearly constant at 1”3 GPa but becomes smaller with increasing pressure abo
"3 GPa. Results of this study shows that amount of water in Opx is much larger than that in coexisting Ol below 3 GPa. On the
other hand, water content of Ol would become much larger than that of Opx above "3 GPa. The IR spectra of Al bearing Op»
show peaks broader than those of Al free Opx. Peak shapes of Al bearing Opx are similar to those of natural samples. The |l
spectra of Ol in recovered samples under Ni-NiO buffer show additional OH band (3704 tmat are not seen in the spectra
of run products under Mo-Mofbuffer. We are performing further high pressure experiments using Ol single crystal to avoid
grain-boundary effects on adsorbing water.
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Iron diffusion in mantle olivine under steep temperature gradient

oooo ™ ooot
YASUI, Toshinori*, KONDO, TadasHi

'Dooooooooooo
LGraduate School of Science, Osaka Univ.

Laser-heated diamond anvil cell (LHDAC) has been generally used as a major method in which we can generate high tempe
ature and pressure conditions of the Earth’s interior. However, a strong temperature gradient is formed in the sample, becau:
only a local region can be raised to high temperature by the laser heating technique. The Soret effect is known as a phenomen
of chemical diffusion induced by a temperature gradient, which causes a change of homogeneous material to heterogeneo
chemistry. The Soret diffusion in liquids has popularly been studied and is fast, while that in solids and its pressure dependenc
have not been well examined because the Soret effect is relatively slow and more complex in solids than in liquids. Moreover, th
investigation of Soret effect in solids under high temperature and pressure may be helpful to understand the possible diffusion i
the Earth.

In this study, we studied the material experienced a steep temperature gradients using LHDAC aggdR&fg:)2SiO,

San Carlos olivine as the starting material. The recovered samples were examined using a Field Emission-Scanning Electrc
Microscope (FE-SEM) and analyzed Mg-Fe interdiffusion. Chemical heterogeneity formation due to temperature gradient was
observed in different experimental conditions such as temperature gradient, heating duration and phase transition. We will repo
the effect of these parameters on Soret diffusion in solid.
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Development of multi-axis DAC oscillation system for x-ray powder diffraction

000 ™ 00003200002, 00003
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INational Institute for Materials Scienc&lapan Synchrotron Radiation Research Instifikayama University of Science
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gooobooboooooboboogbD Xooooooooooboooooobooooooboboooobooo
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0000000000000 0DOO0ODO00000O0O0O00O0d SPring-8d BLO4BZD 38keM 0O 0 O O BL10XU(30keV)
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[1]G. Gandolfi, Miner. Petrogr. Acta, 13, 67-74 (1967)
[2]H.H. Otto, W. Hofmann, K. Schroder, J. Appl. Cryst., 35, 13-16 (2002)
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