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Abstract



Place: New seminar room in the main building

(20 min. each (including question period) for individal projects, and 30 min. each for joint projects.

13:00 Opening Remarks

13:05 High precision Sm-Nd isotopic study of meteorites (joint project) Haixiang ZHAO & Haruki SENSAKI

13:35 Synthesis glass-reference materials for in-situ O isotope analysis ~  evaluation of matrix
effect (joint project)

Claire McLEOD,  Rosalind ARMYTAGE &
Xiaojie SHEN

14:05 Si self-diffusion in stishovite at high P-T Anais FEROT

14:25 ~Break (20 min.)~

14:45 Biot’s Slow Wave Phenomena Joseph Titus COORAY

15:05 Electric conductivity measurement at high P-T ZuoJing CHEN

15:25 High pressure and high temperature experiments on mantle minerals under Mbar pressure
by laser heated diamond anvil cell

Mirona I. CHIRIENCO

15:45 Experimental study of  solubility and speciation of nitrogen in silicate melts Nadezda CHERTKOVA

16:05 Spectroscopic study of hydrous aluminosilicate glasses Hatsuto UCHIYAMA

Symposium of the Misasa International Student Intern Program 2007

Date: 13:00~16:25 pm, Aug. 8 (Wed), 2007
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Abstract   

Chondrites are the oldest and the most primitive rocks in the solar system. They 

contain materials that condensed directly from the solar nebular. Therefore chondrites can 

offer information about the origin and the early evolution of the solar system. In our study, 

we analyzed two carbonaceous chondrites (Allende, Murchison) and three ordinary 

chondrites(Olivenza, Pultusk, Charsonville). 28 major and trace element concentrations 

were measured using Q-Pole type ICP-MS and sector type ICP-MS. High precision Rb-Sr 

and Sm-Nd isotope ratios were measured by thermal ionization mass spectrometer 

(TIMS). As a standard, we analyzed terrestrial rock standard JB-2. The total procedural 

blanks were also monitored. 

Duplicate analysis of JB-2 confirmed the high quality of our data. Also, the effects of 

blanks were negligible. Spider diagrams for lithophile, siderophile, charcophile elements 

and rare earth element (REE) showed that the samples analyzed have major and trace 

element characteristics similar to chondrites previously studied. All chondrites show 

uniform Sm-Nd isotopic signatures, consistent with the previously determined chondritic 

uniform reservoir (CHUR). However, by combining our results with those of Patchett et al. 

(2004), we propose an updated average values for CHUR of 
147

Sm/
144

Nd = 0.1960 ± 

0.0008 and 
143

Nd/
144

Nd = 0.512624 ± 0.000018 (2SE). On the 
87

Rb/
86

Sr versus 
87

Sr/
86

Sr 

diagram, our samples show a considerable scatter around the 4.4 Ga reference line. This 

may indicate that thermal events similar to those proposed by Shimoda et al. (2005) on 

Allende chondrite may have disturbed the Rb-Sr systematic of both carbonaceous as well 

as ordinary chondrites. However, constraints for the timing of this event will require further 

petrological and Sr isotopic study of constituent phases in the ordinary chondrites. 

 

Keywords  Chondrites   Rb-Sr and Sm-Nd sysmatics  CHUR  Thermal event(s)  
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Synthesis glass-reference materials for in-situ O isotope analysis - Evaluation 
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The oxygen isotopes within mesostasis phases of meteoric chondrules hold key information 

regarding the origin of interstellar material and oxygen reservoirs.  Analysis of oxygen isotopes 

by secondary-ion mass spectrometry (SIMS) is a technique that can be used to accurately 

determine in situ isotopic compositions however instrumental mass fractionation (as described 

by Eiler et al 1997) needs to be calibrated if results are to be accepted.  Part of the instrumental 

mass fractionation is related to the “matrix environment” or major element composition of the 

sample. Hence across the plagioclase (albite-anorthite) and pyroxene (enstatite-diopside) series 

were synthesized.  These samples were also doped with a trace element spike to allow them to be 

used as references for other elements besides oxygen. In total eleven different glasses, ~1g of 

each, were synthesized. Variation of oxygen isotope composition in the reference materials was 

achieved by addition of different amounts of previously synthesised SiO2 oxygen spike to two 

diopside reference glasses. 

Major element homogeneity of the reference glasses was established using SEM-EDX 

and found to be within 1%. Three end-member glasses were analysed for their trace element 

composition using ICP-MS. The absolute O-isotope composition of all the reference glasses was 

determined through CO2 Laser BrF5 Fluorination.  Once SIMS analysis of the reference materials 

is carried out the matrix effect for oxygen isotopes can be calibrated and in situ oxygen isotope 

composition of chondrules glass can be determined. 
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Ferot Anais                                                  

Supervisor  Prof. Daisuke Yamazaki 

 

Silicon self-diffusion in stishovite at high pressure 

 

Stishovite is the high-pressure and high temperature SiO2 polymorph. By increasing pressure, SiO2 

structure transforms to 4 to 6 coordination. Data on Si self-diffusion in 4 coordination, for example quartz 

(Bejina and Jaoul, 1996), exist but we still do not have any data on Si-diffusion in 6 coordination. This study 

proposes, by using simple material SiO2 stishovite, to determine diffusion coefficient in stishovite in order to 

compare the rate of Si diffusion between the 2 structures. 

 

Stishovite crystal growth experiments were performed using Kawai-type high-pressure and 

high-temperature apparatus (USSA-5000). In this study, we employed the method of crystal growth from 

solution in the field of thermal gradient to produce suitable crystals. Heating in the cell assembly was 

achieved through the use of LaCrO3 cylindrical heater embedded within a ZrO2 sleeve. A platinum sample 

capsule (3 mm in length and 2.8 mm in diameter) was used as the sample container. We used as the silicate 

source, located in the highest temperature region, single crystals of quartz, and as the solvent, located in the 

lowest temperature region, H2O. Synthesis experiments were performed by first compression at room 

temperature to a load of 300 bars (corresponding to a pressure of 12 GPa) and then heating to a temperature of 

1500
o
C. The run products were examined with a micro-focused-X-ray-diffractometer. Resulting stishovite 

crystals size was up to 1.5 mm. 

 

Synthesized stishovite crystals were then polished perpendicular to the 110] direction. The polished 

surface was coated by a 
29

Si-enriched thin film (about 12 nm) by high vacuum thermal evaporation of a 

29
Si-enriched powder. The coated crystals were used as starting materials of the diffusion annealing 

experiments. They were surrounded by CsCl to prevent any crack in the crystals during the experiments. 

Crystals were pressurized at 14 GPa at room temperature and then heated to the annealing temperature of 

1600
o
C. We conducted 2 runs. Temperature of the first one was estimated by power to 1460

o
C during 40h. 

We kept temperature 28h for the second experiment at 1600
o
C. After diffusion experiment, the crystals were 

mounted in epoxy disks to analyze diffusion profile of 
29

Si by a secondary ion mass spectrometer (SIMS). 

In all measurements, 3 masses of 
28

Si, 
29

Si and 
30

Si were detected to estimate the ratio 
29

Si/total Si. 

Sputtered crater size was 50 x 50 um. The depth calibration of the craters was carried out with a surface 

profiler after SIMS measurements.  

The data collected by SIMS can be fitted by the limited source diffusant model, (Crank, 1975). The 

best fit of our data using this model gave a Si diffusion coefficient, in the direction 110], at 1460
o
C and 14 

GPa, of 5.6 x 10
-22

 m
2
.s

-1 
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Si-Diffusion in stishovite are lower than in single crystal quartz (4 coordination) at 1 atm (Bejina 

and Jaoul, 1996) and comparable with MgSiO3 perovskite (6 coordination) at 25 GPa (Yamazaki et al., 2000). 

We need to analyze the second sample in order to constrain activation energy of Si-diffusion in stishovite in 

the direction 110] and we have to conduct Si-diffusion experiments in the 001] crystallographic direction to 

determine diffusion coefficient and activation energy in this direction. 
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Biot’s Slow Wave Phenomena 

Titus Cooray and Akira Yoneda 

Abstract 

Acoustic measurements become important in geological explorations as magnetic and 

gravitational techniques produce low resolution data when fluids are present in liquid or 

frozen forms. In 1956 Biot suggested existence of slow p wave in fluid saturated porous 

media which would be very much helpful to determine the characteristics of the material. 

Although a half a century has been gone, Biot’s slow wave has not yet proved unambiguously 

by simplified laboratory technique or numerical model.  

During the internship period, I tried to reproduce the experiments that claimed the 

observation of Biot’s slow wave.  In our experiments, we prepared several high porous water 

saturated materials to generate slow waves. However I found that there are several possible 

ways to observe slower waves in a material other than the Biot’s slow wave, such as multiple 

reflection, surface waves and etc.  

According to our numerical stimulation if one can generate both synchronous and 

asynchronous type vibrations in a material it will generate faster and slower p waves. 

Although we do not exclude the possibility of slow wave in fluid saturated porous material, 

exciting this sort of asynchronous vibrations look very difficult in a natural system.  

   For further research regarding the Biot’s slow wave, different technique other than 

ultrasonic transducer is critically important. Applying the laser Doppler vibration meter will 

be helpful to reveal the backstage of the experiments supporting the Biot’s slow wave.   

  On the other hand, numerical simulation approach is also important to understand what the 

Biot’s slow wave. Although our simplified model is an example to explain the mechanism of 

the Biot’ slow wave, it is preferable to present more realistic model based on 3D fluid-solid 

network. The problem is just to describe the particle motions in fluid and solid in one 

harmonic period. 
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Electrical conductivity measurement at high 

pressure and temperature 

ZuoJing Chen and Tomoo Katsura 

 
Electrical conductivity is a key physical parameter for the understanding of 

the structure of the Earth's mantle. However, pressure and temperature 

dependence of the electrical conductivity of mantle minerals is not 

understood very well. 

In my internship program, first I successfully synthesized Magnetite 

sample by baking Hematite under the flow of H2/CO2 at 1200 C. Then I 

conduct measurement of the electrical conductivity of Hematite, which is an 

important phase of the iron oxides. 

 

Not everything went well with the project; the magnetite sample is not pure 

enough for electrical conductivity measurement at first. We assume that is 

because sample quickly oxidized when we took it out of the gas furnace. We 

had other tries and decided to make larger pieces and use the core part, it 

works and we obtained pure magnetite sample this time. 

   

As to the Electrical conductivity measurement experiment, first we have to 

do the preparation work very carefully which includes making all the parts 

we need. We failed the first experiment because the thermocouple was broken, 

and another try was conducted soon with a revised configuration. We 

conducted another two experiments; the data we measured have the similar 

trend: conductivity get higher with the increasing temperature and activation 

energy deceases which is a little different from our expectation. We proposed 

two hypotheses to explain this decrease of activation energy: 1st, ferrous ion 

exists in our sample and its amount increases with the temperature, because 

electron can easily occur between ferric and ferrous ions. This increase of 

ferrous ion can explain the decrease of activation energy. 2nd, although we 

tried to get rid of moisture by keeping temperature at 500K, water still exists 

in our sample, and hydrogen from H2O is so mobile that it result in the 

intermediate energy levels which makes electron jump much easier between 

ground state and excitation state. 

 

The above two are just hypotheses which are not supported by any 

evidence. More examination should be done to understand what happened in 

the sample. 
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ESTABLISHMENT OF A METHOD FOR PRECISE PRESSURE 

DETERMINATION USING RAMAN SPECTROSCOPY OF 

DIAMOND ANVILS UP TO 70 GPa 

 

Mirona Chirienco 1, Motohiko Murakami 2 

 

  1 Department of Geology, Babes-Bolyai University, Cluj, Romania 

 2 Institute for Study of Earth’s Interior, Okayama University, Misasa, Japan 

 

Abstract 

 Pressure calibration can be established using ruby fluorescence, as 

shown by previous work. The purpose of our experiment was to settle a new 

method for measuring the pressure  using the diamond Raman shift. This method 

is less restrictive than the ruby fluorescence, as ruby chips can react with the 

sample at higher temperature. Also, the ruby fluorescence method does not give 

accurate results while using Brillouin scattering measurements. 

 In this experiment we evaluated in premiere the pressure gradients with 

increasing pressure, up to 70 GPa. The pressure was gradually increased while 

performing successive measurement cycles (14 in total, on the same 

experimental points) of diamond Raman and ruby fluorescence. The frequency 

was determined from the spectra of the center of the sample chamber. CO2 laser 

heating of the sample was used for the first time in this kind of experiments, in 

order to decrease the pressure gradients and the stress conditions. 

 The Raman spectrum of diamond anvils was measured in a gasketed 

high-pressure cell. The culet size of the diamonds was 300 m. The Rhenium 

(Re) gasket had to be precompressed from its initial thickness (250 m) up to  
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40 m. Further on, the cell (  100 m wide,  40 m length) was drilled in the 

center of the gasket by an EDM machine. The sample (MgSiO3 + Al2O3 4 %, 30 

m thickness) was thermally insulated from the diamonds by being placed in 

between two layers ( 10 m thick each) of NaCl- which represented the pressure 

medium. 

 Ruby chips were loaded into the sample chamber in order to evaluate the 

pressure gradients by measuring the ruby fluorescence with increasing pressure. 

We observed a significant broadening of the peaks from ruby fluorescence, at 

pressure above 30 GPa, due to the non-hydrostatic conditions inside the sample 

chamber. After uniformly heating the sample with CO2 laser we achieved quasi-

hydrostatic conditions, decreased pressure gradients and improvement of the 

stress conditions inside the sample chamber. The pressure suddenly rose from 

30 to 40 GPa after heating, but the peaks from the ruby fluorescence become 

much sharpened due to the above-mentioned improved conditions in the sample 

chamber. 

 For plotting our results we used two different peak assignments. At 

pressure below 10 GPa, due to the sharpness of the peaks obtained from the 

diamond Raman spectroscopy, we applied the conventional peak top method. 

For the results obtained above this pressure we used frequency derivatives of 

the intensity. The fitting equation for our results was: 

 

P = -651.19 + 0.4873*   
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Introduction  

 

Nitrogen is the major volatile element of the Earth's atmosphere. Characterization 

of the solubility and solution mechanisms of nitrogen in silicate melts is needed to 

understand the role of nitrogen in magmatic systems during formation and evolution of 

the Earth [1, 2]. Because N2 has a strong covalent bond, its behavior is generally assumed 

to resemble that of noble gases. At ambient pressure nitrogen solubility as N2 follows 

relationship to atomic diameter of noble gases, that is, with increasing of atomic diameter 

of the element its solubility in silicate melts decreases [2]. The main purpose of our 

experiments was to determine whether this regularity is maintained at high pressures and 

what the influence of redox state of the system on nitrogen solubility and speciation is. 

 

Experimental and analytical procedures  

 

For controlling redox state of experiments, double capsule technique was applied. 

As a charge for inner platinum capsule were used AgN3 powder and Na2Si2O5 (sodium 

disilicate) glass powder in an approximately equal proportion in weight. Inner capsule 

was welded shut and put into outer platinum capsule containing 25-35 mg of deionized 

water and ~100 mg of buffering assemblage powder. We used three different solid 

buffering assemblages: iron-wuestite (IW), nickel-nickel oxide (NNO) and magnetite-

hematite (MH). Platinum capsule allows hydrogen to penetrate through the wall and react 

with its containment, so the ƒH2 in the inner capsule was fixed at a certain value during 

experiments.   

Melting experiments were performed using a solid-media, piston-cylinder 

apparatus at 1400°C and 2GPa with run duration of 1 hour. After quenching the presence 

of water and two starting phases in the buffer assemblages were confirmed by optical 

observation and micro-focus XRD to test for successful redox state control.  

The quenched products recovered from the inner capsules were glasses containing 

sporadic large bubbles (to 300 micron in diameter). Only the glass quenched from IW-

buffered condition also contains a number of submicron-size bubbles, suggesting that 

vapor exsolution occurred in the melt at least to some extent by inevitable decompression 

during quenching. The bulk nitrogen contents of the glasses were determined by electron 

microprobe analyses. The speciation for nitrogen in the glasses was studied using Raman 

and IR spectroscopy.  
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Results and discussion  

 

On the results of electron microprobe analyses, the nitrogen content in the sodium 
disilicate glasses, reflecting nitrogen solubility in the melt state, distinctly depends on the 
redox state of the system (Fig. 1). A greater solubility for nitrogen (~1 wt.%) was 
obtained under the most reduced condition. 
 

 

Si-O 
stretching 
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Raman spectra of the glasses contain peaks corresponding to stretching vibrations 

of Si-O, molecular N2, and NH-bearing complexes (Fig. 2). In the glass quenched from 

the IW-buffered condition, N-H groups are predominant dissolving species. In the glasses 

from the NNO- and MH- buffered experiments, N2 peak becomes significant and N-H 

groups influence on Raman spectra is niggling. 

N-H stretching vibration in the glass from the IW-buffered experiment was also 

confirmed in IR spectrum in the region of the same wavenumber. Moreover, there are 

broad peaks on IR spectra due to the presence of O-H groups for all glasses. For the glass 

from the IW-buffered experiment, these peaks have the strongest absorbance.  

As we can see on analytical data, nitrogen solubility in sodium disilicate melts is a 

function of the redox conditions at high pressure. Nitrogen speciation changes with 

increasing ƒH2 from N2 under oxidizing conditions to N-H groups under reducing 

conditions, controlling nitrogen solubility in sodium disilicate melts. These observations 

show that nitrogen solution behavior determined at ambient pressure cannot be 

extrapolated to magmatic processes in the interior of the Earth. 
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Spectroscopic study of hydrous aluminosilicate glasses 
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   Silicates are the major components for natural magmas. The dissolution of water can 

cause significant changes of physical properties and phase relations. Therefore, it is 

important to understand the mechanisms of water dissolution. It is well known that 

water is dissolved in silicate melts and glasses as both molecular H2O and hydroxyls 

(OH). For Al-free silicates, hydroxyls have been found to exist as Si-OH and free OH 

(OH groups linked only to metal cations such as Ca and Mg). The formation of Si-OH 

causes a decrease in the melt polymerization and viscosity, whereas that of free OH may 

have an opposite effect. In the case of aluminosilicate, the speciation of hydroxyls has 

been controversial until recently. By advanced NMR study, Xue and Kanzaki (2007) 

has recently shown that Si-OH, free OH and Al-OH are all present in hydrous Ca,Mg- 

aluminosilicate glasses synthesized at 0.2 GPa. Small amounts of five- and six- 

coordinate Al were also observed, in addition to the dominant four-coordinate Al. 

    The aim of this study was to further investigate the effects of pressure and water 

content for basaltic melts, because the latter are mostly generated in the upper mantle 

corresponding to high-pressure environment and water plays an important role. A 

composition corresponding to the diopside (Di, CaMgSi2O6) – anorthite (An, 

CaAl2Si2O8) eutectic at 1 atm (Di56wt%, An44wt %) has been chosen as an analog, 

similar to Xue and Kanzaki (2007).  

   Starting anhydrous glass was synthesized from a mixture of SiO2, MgO, Al2O3 and 

CaCO3 at 1atm. After thorough mixing by grinding, the mixture was decarbonized at 

1000˚C for 12h, then melted at 1400˚C for 1h and finally quenched. Hydrous glasses 

(0.9, 2.0 3.3 wt% H2O) were initially synthesized at 0.2 GPa and 1400˚C for 2h in an 

internally heated gas pressure vessel (HIPV). Anhydrous glass plus deionized water 

were used as the staring material. These anhydrous and hydrous glasses were then used 
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as the starting material for synthesis at higher pressures (1 GPa, 1500˚C or 3 GPa, 

1600~1700˚C for 0.5~1h). A piston cylinder apparatus was used for the latter. All the 

anhydrous and hydrous glasses, except one (1 GPa, 3.3 wt% H2O), have been found to 

be completely clear, transparent glasses under optical microscope. 

   Samples were analyzed with both Raman and NMR spectroscopy. Raman spectra 

were acquired using an argon-laser with a wavelength of 488nm and a power of 70mW. 

One (1D) and two-dimensional (2D) 
1
H and 

27
Al NMR spectra were obtained by a 

Varian Unity-Inova 400MHz spectrometer. 

   The Raman spectrum of the anhydrous glass is consistent with those from previous 

studies. Changes in the Raman spectra with pressure are subtle. The 
1
H and 

27
Al NMR 

spectra of hydrous glasses synthesized at 0.2 GPa are in general consistent with those of 

Xue and Kanzaki (2007). In particular, the 2D 
27

Al triple-quantum (3Q) MAS NMR 

spectra show a clear increase in the relative abundance of six-coordinate Al with 

increasing water content at 0.2 GPa. With increasing pressure from 0.2 to 3 GPa, a 

significant increase in the abundances of both five and six-coordinate Al was observed 

for both the anhydrous and hydrous glasses (2 wt% H2O). For glasses synthesized at 3 

GPa, a small peak of corundum was observed in the 
27

Al MAS and 3Q MAS NMR 

spectra, although these samples appear clear, transparent under optical microscope. 

Nevertheless, its effect on the melt composition (and accordingly the structure) is 

probably negligible considering its small abundance.  

 

References: 

Xue, X., and Kanzaki, M. (2007) Al coordination and water speciation in hydrous 
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