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Synthesis of polycrystalline sintered stishovite and its physical property measurements
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We synthesized polycrystalline sintered stishovite at pressure of 15 GPa and temperature of 1473 K. The starting material was
silica glass rod with diameter of 2.5 mm and height of 2.7 mm in. This was enclosed in a platinum capsule. The recovered sampl
was a whitish translucent rod with diameter of about 2 mm and height of about 2.3 mm. The recovered sample was examined b
micro-focused X-ray diffraction and micro-Raman spectroscopic measurements. The results indicate that the recovered sample
a pure polycrystalline stishovite. Ultrasonic measurements were carried out at ambient conditions. We determined compression
wave velocity of 11.776 km/s and shear wave velocity of 7.174 km/s. We measured bulk density of this sintered stishovite by
Archimedian method. The density is 4.282 g/cm3. Using these parameters, we calculated elastic moduli of this sample: Bull
modulus, 300 GPa; shear modulus, 220 GPa; Youngs modulus, 531 GPa; Poissons ratio, 0.204. These values are consistent v
those obtained by previous studies. We have also conducted X-ray diffraction measurements under low and high temperature b
tween 90 and 1000 K at BLO2B2, SPring-8. We are going to report temperature dependence of thermal expansivity of stishovit
in the session.
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Anomalous behavior of low-density SiO2 in helium under high pressure
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High-pressure X-ray diffraction and Raman spectroscopic studies of magnetite, ulvospine

and chromite
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Magnetite FgO,, ulvospinel FgTiO4, and chromite FeGO, have been investigated by high-pressure x-ray diffraction and
Raman spectroscopy with diamond anvil cell techniques. The crystals used as starting materials were synthesized in a 1-atm ft
nace at 1100C for 48 hours with a CO/C@gas flow from dried powdered oxides of Fe, Ti and Cr. A powder x-ray diffraction
study of magnetite was performed up to 154 GPa with and without laser heating. The x-ray diffraction profiles showed change:
at 28 GPa. With further compression up to 154 GPa, a phase change occurred above 80 GPa. Powder x-ray diffraction measul
ments of ulvospinel were carried out up to 60 GPa at ambient temperature. Phase transitions in ulvospinel were found near
GPa, 12 GPa, and 50 GPa, respectively where the crystal structure transforms from cubic to orthorhombic through a tetragon
phase. The phase observed above 50 GPa was reversibly changed to the lower-pressure phase with decompression. The x
diffraction profile above 50 GPa can be explained by the high pressure phase of th@ ayjpe structure (space groadpncm)
with lattice parametera = 2.65,b = 9.25,¢ = 9.30 A, and V = 228 A. Structural refinements of chromite were obtained
from single-crystal x-ray diffraction measurements collected at several pressures up to 15 GPa. A phase transition in chromit
was found at 12 GPa. The crystal structure of chromite transforms from cubic to tetragonal in a manner similar to the pressur
induced phase transitions in ulvospinel. Fitting of the P-V data to a Birch-Murnaghan equation of state (Eo0S) resuits in K
196(5) GPa, K’ = 4.0 (fixed), and /= 589.2(1) A. The K, value for chromite is in fair agreement with the experimental results
of spinels and theoretical predictions of chromium spinels. From the structural refinements the tetrahedral site (T) is occupiet
by F&* cation with a greater compressibility than the octahedral site (M) occupied by thec@tion owing to the Jahn-Teller
effect at Fé*. The resulting EoS parameters for the T-site and M-site gre k41(3) GPa, K’ = 4.0 (fixed), y=4.1(1) A’ and
Ko = 256(9) GPa, K’ = 4.0 (fixed), ¥ = 10.4(1) A, respectively.

The three spinels were studied by laser Raman spectroscopy using a laser power of the 532 nm laser line of 1-2 mW on th
sample. There are five Raman-active modés,(+ E, + 3F»,) in the Fd-3m space group of the cubic spinel according. Two
Raman active modes assigned4g, and F», are clearly observed around 500 and 700 ¢rmander ambient conditions. The
A1, mode in the cubic structure transforms to #g mode in the tetragonal and orthorhombic structures. In contraskdhe
mode in the cubic structure splits inBy, + E, modes in the tetragonal structure, and then Big + B, + B3, modes in the
orthorhombic structure. With increasing pressure, in the Raman spectra of chromifg, thad F», modes in chromite do not
change up to 20 GPa except for a continuous shift to higher frequencies. The Raman spectra of ulvospinel and magnetite start
broaden gradually with increasing pressure. It seems reasonable to attribute the observed broadening to the peak splitting cau:
by the structural phase transitions. The most striking characteristic of the Raman spectrum of ulvospinel is that compression lea
to the extinction of the Raman active mode derived filésp symmetry. Theé=5, mode in ulvospinel disappears completely at 20
GPa, butitsA 1, mode can be observed continuously up to 57 GPa. The Raman spectra afhahdF2, modes in magnetite
disappear at 30 GPa.
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Measurement of elastic constants of single-crystal chromian spinel by high frequency res

onant ultrasound spectroscopy
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Chromian spinel found in mantle xenoliths contains fluid inclusions whose residual pressure (fluid density) can provide us the
origin depth of the xenoliths. A host chromian spinel grain should have deformed in response to a change in ambient temperatut
and pressure during its transport, and changed the fluid density. Elastic and plastic properties of chromian spinel are essential 1
evaluation of the deformation and precise estimation of the origin depth. Although elastic constants of spinelQ\1gAbl
chromite (FeCyO,) have been already reported, few studies have been done on chromian spinel. We thus have studied elasti
constants of a single-crystal chromian spinel using a resonance method. Chromian spinel crystals were collected from mant
xenoliths from Sveyagin, Russia (Yamamoto et al., 2009, Island Arc). One crystal was selected in terms of the uniformity of
crystallographic orientation examined by SEM-EBSD. Each face was polisheé: flanficrometer) in an orientation parallel
or perpendicular td 100} by the X-ray precession method. The selected crystal was shaped into a rectangular parallelepiped
(0.412x0.407x0.497 m#). The Mg/(Mg+Fe(ll)) ratio is 0.75, and the Cr/(Cr+Al) ratio 0.08. The density is 4.3 %Kgim®.

The resonant frequency was measured from 3 to 11 MHz using a system specially designed for such a small sample (Yonec
et al., 2007, JJAP). Preliminary analysis has shown that C;2, and G, are 263.26, 137.96, and 123.71 (GPa), respectively.
Comparison with elastic constants of spinel and chromite will be discussed in terms of the compositional difference.
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Equation of state of antigorite at high pressure and temperature
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Antigorite plays key roles in subduction zone processes including transport of water and seismogenesis. The equation of sta
(EoS) of antigorite is critical for understanding of its stability field and for interpretation of seismological observations. Although
a few compression tests have been conducted at room temperature, EoS is still poorly understood at high temperatures. We h¢
investigated EoS of antigorite by in-situ synchrotron X-ray powder diffraction. Measurements were conducted at a beamline
NES5C of Photon Factory-Advanced Ring (KEK, Tsukuba).

The sample was a natural antigorite collected from Inner Mongolia, China. Most of the Selected Area Electron Diffraction
(SAED) patterns show the presence of the polysomes m=15, where m is the number of tetrahedral along a wave (Mellini et al.
1987). Some have m=16 and 17. The sample was finely ground and mixed with NaCl, and pressurized in a multi-anvil type high
pressure apparatus (MAX80). Measurements were made at pressures of 0°6 GPa and temperatures of 257500 C. The press
was estimated from the compression of NaCl. Diffraction peaks of antigorite were indexed with the aid of indices reported by
Uehara and Shirozu (1985) and Capitani and Mellini (2004). Lattice parameters A, a, b, ¢ and beta were estimated by the lea
square method.

The compression in the c-axis dominates the isothermal compression in bulk. The compressibility in the c-axis is larger thar
those in the a- and b-axes by a factor of “3. This is consistent with Hilairet et al. (2006). The linear compressibility in the c-axis
significantly increases with increasing temperature ((6+-3)x1®a 'K 1), while those in a- and b-axes are almost indepen-
dent of temperature. The isothermal bulk modulus is estimated to be 60 GPa at room temperature, which is close to the previous
reported value.

The expansivity in the c-axis is the largest and largely decreases with increasing pressure, while that in the b-axis the smalle
and almost independent of pressure. No significant difference can be seen between axes at the pressure of 5 GPa. The volume
thermal expansivity is calculated to be (3.8+-0.6)x1& ~! at P=0 GPa, which is consistent with the previous estimation (Hol-
land and Powell, 1998). Our result clearly shows that the expansivity decreases with increasing pressure.
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Experimental study on the phase transition of graphite to hexagonal diamond
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Hexagonal diamond (lonsdaleite) is a metastable polymorph of carbon and occurs as microscopic crystals associated wi
cubic diamond in some meteorites such as the Canyon Diablo meteorite. Recent theoretical studies reported a possibility th
hexagonal diamond has indentation strength and a bulk modulus comparable to or even greater than those of cubic diamor
However, such physical properties of hexagonal diamond have not experimentally investigated due to a difficulty in synthesizinc
a single-phase bulk sample. Here, we investigated the P-T conditions required to obtain single-phase hexagonal diamond fro
graphite.

We performed a series of high-pressure and -temperature experiments using a laser-heated diamond anvil cell (DAC) at pre
sures of 25 and 50 GPa and temperatures ranging from 1400-3300 K. Highly oriented graphite (starting material) was compresse
in a DAC without using a pressure transmitting medium and rapidly heated to a target temperature for “1min using fiber laser
The sample became transparent upon laser heating above 2300 K at 25 GPa and above 1400 K at 50 GPa, suggesting that
phase transition of graphite to diamond phase(s) occurred under those P-T conditions. Interestingly, the transparent area beca
apparently smaller or almost disappeared (especially in the case of the experiments at 50 GPa) after decompression to roc
pressure.

The recovered samples were first examined by Raman spectroscopy for phase identification and then by transmission ele
tron microscopy (TEM) for microtextural observations and electron diffraction analysis. The Raman spectra collected from the
transparent area in the samples showed a broad peak at 1350-1245%pmmno cubic diamond peak (at 1332ch). TEM
observation revealed that the transparent area in each recovered sample consists of hexagonal diamond with a layered struct
similar to that of the graphite starting sample. The electron diffraction pattern collected from the sample is complex and can be
interpreted as a superposition of three types of reciprocal patterns in which [100], [002] and [-212] of hexagonal diamond are al
arranged in a coaxial relation with graphite [002]. This suggests that the martensitic phase transition from graphite to hexagone
diamond proceeds as a result of 1/2a or WA layer shifts of graphene layers along graphite [100].

gooob:obodooooob, bbb b, 0oL bbbooooLobbboo
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Temperature dependence of XANES spectra for BaTiO3, SrTiO3 and TiO2 with struc-

tural phase transitions
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