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High-Pressure Phase Transitions in AlF@m First-Principles
High-Pressure Phase Transitions in AlFf@m First-Principles
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Based on first-principles density functional theory calculations, we predicted a ferroelastic transition ip FdR@en
stishovite-like and m-Caglphases by confirming the energetic stability of stishovite-like phase and witnessing a pressure-
induced phenomena of symmetry-breaking spontaneous strain, and furthermore, we established a new pressure-induced ph
transition sequence for AIPQup to 100 GPa at 0 K as follow: berlinite to moganite, to Al\@ P2 /c, to CrVQy, to stishovite-
like, and to m-CaCl phase, with the corresponding transition pressure 4.1, 5.0, 7.0, 7.3, 31.9 and 46.4 GPa, respectively. Fol
all these phases, equation of state parameters are reported. This transition sequence largely revises the previous one basel
in-situ cold-compression experiments, by incorporating four new phases, moganite;, ANGP2/c, and stishovite-like, the
former three of which were synthesized by our recent quench experiments and are theoretically investigated here for the fir:
time. This newly-established phase transition sequence would serve as a model case because it is the most detailed one am
all the berlinite-type ABQ compounds to date. This study would also provide deep insight into the polymorphism behavior
of SiO, because of some instructive dissimilarities discerned between these two isoelectronic compounds, such as that all tr
mixed-coordinated phases in AlR@xceptionally lack counterparts in SiQand that moganite is stable after quartz phase in
AIPO, but metastable in Si©
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See English abstract.
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Determination of Transition Boundary between Garnet and Perovskite in CaGeO3
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It is known that some ABO3 compounds are excellent analogues of MgSiO3 or CaSiO3, which are major constituents of the
Earth’s mantle. Calcium germinate (CaGeO3) exhibits a sequence of phase transitions from a pyroxenoid to a tetragonal garn
phase, and subsequently to an orthorhombic perovskite phase. The phase boundaries in CaGeO3 have been also used as a pre
calibration point at high temperatures in high-pressure experiments, such as for SiO2 and Mg2SiO4. Therefore, the precise pha
boundary of CaGeO3 needs to be determined. The transition pressure of CaGeO3 has been investigated in static high-press
experiments using quench [1] and in situ methods [2]. According to previous high-pressure experiments, the transition pressure
"6 GP and this boundary had a negative slope. In contrast, Ross et al. [1] also estimated the value of dP/dT slope of this transitic
using calorimetry data, and calculated the slope to be 2-3 times more negative than the value determined from high-pressu
experiments. Therefore, we reinvestigated the dP/dT slope of garnet-perovskite transition in CaGeO3 using the high-pressu
experiments.

In this study, the use of a multi-anvil high-pressure system combined with a synchrotron radiation source made it possible t
acquire precise data from samples under high-pressure and high-temperature conditions [3]. The starting material was CaGe(
wollastonite, synthesized at 1473 K for 5 hours from a starting mixture composed of finely powdered CaCO3 and GeO2. In out
experiments, pressure was applied to the sample by generating an anvil load from the desired oil pressure in the press. The sam
was then slowly heated to avoid the temperature overshoot until it reached the desired temperature for a given oil pressure. Aft
reaching the required pressure and temperature, we performed in situ measurements using the synchrotron X-rays. The durati
of heating was 0.5-2.0 hours. At the end of the experimental runs, the sample was quenched by cutting off the electrical powe
This heating procedure was the same as that used in typical quench experiments.

We performed approximately 30 experimental runs, and the boundary determined in this study is in general agreement witl
that reported in previous high-pressure experiments [1,2]. However, the value of our dP/dT slope was 2-3 times more negativ
than that in previous experiments [3]. The calculated value of the dP/dT slope using calorimetry data [1] is consistent with our
value of dP/dT [3]. It is likely that the discrepancy between previous and our high-pressure experiments dues to the kinetics o
the structural phase transition. In previous in situ experiments [2], the P-T condition was changed several times during each ru
while observing the transition from the garnet to the perovskite structure. It is known that a metastable overshoot (pressure and/
temperature) is required to provide a sufficiently large energy driving force to overcome a nucleation and/or growth barrier for
the transition in previous experiments [2]. To avoid any influence of the kinetic effect, we used the same heating cycle as tha
used in conventional quench experiments.
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equation of state of NaCl based on simultaneous measurements of elastic wav
velocities and density of NaCl
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Sound velocity and structure measurement of silicate glasses under pressure
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The degree of polymerization in silicate melt/glass is one of the most important parameters to understand the magma behavic
For silicate melts at ambient pressure, the degree of polymerization is highly related to composition, which is quantitatively
described by a ratio of non-bridging oxygen (NBO) to tetrahedrally cation (T). In particular, the NBO/T is widely used to obtain
viscosity information of various silicate melts and discuss the magma mobility in the Earth’s interior. Several viscometry stud-
ies reported that polymerized melts showed much higher values of viscosity than those of depolymerized ones. Interestingly,
should be noted that the pressure dependence of the high viscosity of polymerized melts was shown to be negative. This giv
important questions of the compression effect on the degree of polymerization and its effects on properties of silicate melts
In this study, we have measured the sound velocity of polymerized glass (jadeite and albite glass: NBO/T=0) and depolymer
ized glass (diopside glass: NBO/T=2) at pressures up to 10 GPa by using ultrasonic technique and synchrotron radiation with
Paris-Edinburgh press. We have also obtained the X-ray structure factor, S(Q), of these glasses by using energy-dispersive X-r
diffraction method in order to understand structural changes in the intermediate-range order with pressure.

All experiments were conducted using a Paris-Edinburgh press, which is installed at the HPCAT 16-BM-B beamline, Ad-
vanced Photon Source (APS). High pressure sound velocity measurements were carried out using the ultrasonic pulse-ect
overlap method. The outer pressure media consisted of machinable zirconia pallets and sintered boron-epoxy. Graphite cylind
was used as a sample container, with a gold foil placed on top and bottom of the capsule as markers for sample length measul
ment. Radiography images taken by CCD camera allowed us to calculate the sample length under high pressure. Pressure v
determined by the equation of state of gold, which was located below the sample. The scattered X-rays were detected using a (
solid state detector (Ge-SSD) with a 4096 multi-channel analyzer. Alumina above the sample was used as a buffer rod. The gla
sample and the alumina buffer rod were polished with 0.001 mm diamond paste. Ultrasonic signals were generated and receive
by a LiINbO3 transducer. The signals were collected with a sampling rate of 5 x 109 point/second. Structure measurements wel
performed using the energy dispersive X-ray diffraction technique. The 16-BM-B is a bending magnet beamline which provides
white X-rays (5-120 keV) with high brightness. The incident X-ray was collimated by two sets of vertical (0.1 mm) and horizon-
tal (0.1 mm) slits. The diffracted signal was collimated with a 0.1 mm gap scattering slit 80 mm downstream from the sample and
a 0.1 mm x 5.0 mm receiving slit 400 mm further downstream from the scattering slit. The Ge-SSD was mounted on a two-thete
arm on a large Huber rotation stage, which allows accurate control on two-theta angle. The diffraction patterns were collecte
for 9 fixed diffraction angles (2theta =3, 4, 5, 7, 9, 11, 15, 20, 25 degrees). Collecting time varied with the diffraction angles, as
intensities decreased with increasing angle. All patterns were collected until the maximum intensity reached at least 2000 count
Structure factor, S(Q), was obtained by combining X-ray diffraction profiles collected for 9 diffraction angles.

Pressure dependence of sound velocity of jadeite, albite and diopside glasses will be presented, along with structure fact
S(Q) of the glasses at high pressure. We would like to discuss a direct correlation between the intermediate-range order structu
and sound velocity in these glasses, and the influence of the degree of polymerization.
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Mapping of residual pressure around an inclusion in sapphire by fluorescence spectrosco
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ental study on the phase transition of graphite to hexagonal diamond
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Hexagonal diamond (lonsdaleite) is a metastable polymorph of carbon and consists of ABAB... stacked sp3-bonded (tetrahe
dral) carbons. It occurs as microscopic crystals associated with graphite and cubic diamond in carbonaceous meteorites such
the Canyon Diablo meteorite and impact craters and can also be synthesized from well-crystalline graphite by high pressure e:
periments (e.g. Bundy and Kasper, 1967; Yagi et al., 1992). The phase transition of graphite to hexagonal diamond is considere
to be a martensitic process, where [100] of hexagonal diamond is located parallel to [001] of the host graphite. However, we
recent found a variety of such coaxial relations between graphite and hexagonal diamond based on TEM observations of sampl
synthesized by laser-heated diamond anvil cell (DAC). This suggests that the martensitic phase transition process is not alwa
simple, but can be complex. Here, we conducted further research on the transition mechanism by using highly-oriented graphit
samples with different crystallinities under different hydrostatic conditions.

We performed a series of high-pressure and high-temperature experiments at a pressure of 25 GPa and temperatures
1800-2200K. Three types of highly-oriented graphite were used as starting materials: 1) highly-oriented graphite (HOG, Mu-
rakami et al, 1992), 2) highly-oriented pyrolitic graphite (HOPG) and 3) Kish graphite. Each sample was compressed in a DAC
with/without an ethanol/methanol pressure transmitting medium and rapidly heated to a target temperature using fiber laser (107
nm). The sample became transparent after laser heating, suggesting that the phase transition of graphite to diamond phase(s).
recovered samples were first examined by Raman spectroscopy for phase identification and then by transmission electron n
croscopy (TEM) for microtextural observations and electron diffraction analysis.

TEM observation revealed that the transparent area of recovered samples consists purely to mostly of hexagonal diamor
with a layered structure similar to that of the graphite starting sample. A trance amount of cubic diamond also coexists in some
cases. The electron diffraction (ED) patterns collected from pure hexagonal diamond synthesized from HOG and HOPG sample
are complex and can be interpreted as a superposition of several types of reciprocal patterns in which [100], [002] and [-212] 0
hexagonal diamond are all arranged in a coaxial relation with graphite [001]. This suggests that the phase transition from graphit
to hexagonal diamond proceeds mostly by 1/2(Zapr 1/(3a}/? shifts of graphene layers along graphite [100]. On the other
hand, the ED patterns collected from Kish graphite are simple and can be indexed as a single reciprocal lattice where [100] c
hexagonal diamond is parallel to [001] of the host graphite. Itis likely that the crystallite size of hexagonal diamond synthesized
correlates positively to the crystallite size (particularly in the a-axis direction) of initial graphite sources. Furthermore, the vari-
ety of the coaxial relation and transition process seems to be originated from the mosaicity (misorientation along c-axis) of the
graphite sources.

00000:000000000,000000,000000000000000000,0000000
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Characterization of sulfur-containing calcite in a travertine carbonate rock
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Since the first documentation by Reeder and Wenk (1979), a number of studies reported weak extra reflections in rhombohedr
carbonates in electron diffraction (ED) and referred to them+geflections. It was suggested tlateflections are formed by the
ordering of impurity cations such as ¥, Fe€+ and , Mr#+ substituting C&t (e.g. Reeder, 1981). Recently we have also found
weak extra reflections similar to-reflections in the ED patterns of calcite precipitated in a hot-spring (La Duke) near Yellow
Stone National Park. The Selected-area ED pattern along the [001] direction indicated that the extra reflections appear holdin
the three-fold symmetry of calcite. Those weak reflections were found halfway between principal reflections. However, X-ray
microanalysis indicated that the amount of impurity cations such a&"Nigvery small and sulfur (S) is the major impurity
element. S/Ca atomic ratio is about 3%. The cell parameters of the La Duke sample were determined by synchrotron X-ra
powder diffraction (wavelength = 0.7749 angstrom) and Rietveld refinement. It showed thatethgth (4.9757 angstrom)
slightly decreased and thlelength (17.0998 angstrom) slightly increased compared to the pure cacité.0906 angstrontg
=17.0621 angstrom), or th&a axial length(3.437) of La Duke calcite is longer than that of pure calcite (3.419). The TG-DTA
analysis was performed to find whether the sulfur exists in the calcite crystal or as organic matter. The anhydrif W@aSO
detected at 600 degrees C and thkength has recovered to that of pure calcite, suggesting that sulfur are incorporated in the
calcite as a solid solution. XPS analysis was used to determine the chemical species of sulfur. Since the sulfur 2p3/2peak of L
Duke is located at 168.35 eV, the sulfur is involved in the ions of sulfate{SOThe crystal structure of La Duke calcite has
been investigated using a four-circle X-ray diffractometer (Mo, wavelength = 0.71075 angstrom). Weak electron density arounc
the oxygen was found, which may be related to thg 50

Keywords: calcite, electron diffraction, sulfur, superstructure, travertine
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Dendritic magnetite spherules produced by fine particle heating / quenching experiment:
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High-pressure X-ray absorption measurement of FeS: K-edge absorption spectra of Fe
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KONDO, Tadashi, FUJII, Atsuhird*, Shigefumi matsumoto KAZUNORI, Tanaka, Hironori Nakad, Yuichi Yamasaki
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!Graduate school of science, Osaka Univer$i§EK-IMSS

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.

O0000O0: FeS, XANES
Keywords: FeS, XANES
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Measurements of Elastic Constants of Single-crystal Garnet by High Frequency Resonal

Ultrasound Spectroscopy
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l000000000O0on,?20000
IDepartment of Earth Science, University of Toyaf@akayama University

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
Keywords: elastic constant, resonance method, garnet, EBSD, SEM
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Crystal structure refinement of ferrihydrite using atomic pair distribution function (PDF)

method

000" oooo?oo0o0o0!
KYONO, Atsushi*, NISHIMIYA, Yuki 2, Yutaro Yoshigamii

0000000000 00000000000000,200000000000000000000
IEarth Evolution Sciences, Graduate School of Life and Environment Sciences, University of TStikabamission Electron
Microscopy Station, National Institute for Materials Science

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.

ocoooo:0o0bbo00ooboo,0o000,0bb00ooDoOo,0o0OoooooPDRIO,O00DO

Keywords: Ferryhidrite, Nano-mineral, Transmission electron microscope, Atomic pair distribution function (PDF) method,
Crystal structure
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Transformation mechanism of the sodalite-to-cancrinite phase transformation in oxalate

bearing solution
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Molecular dynamics simulations of sodium tri-silicate melt under high pressure
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Properties of water in rocks and minerals
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Effect of Al content and oxygen fugacity on water b

thopyroxene
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Okayama University

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
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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
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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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