
Internship project proposal for MISIP 2023 [Project (1)]  
 
1) Project title: Comprehensive analysis of extraterrestrial materials: A mineral-organic matter 
perspective 
 
2) Supervisors (*corresponding): Christian Potiszil*, Katsura Kobayashi, Ryoji Tanaka, Tak 
Kunihiro, Hiroshi Kitagawa, Tsutomu Ota and Chie Sakaguchi 
 
3) Number of students: 3-4 
 
4) Detailed description of the project  
 
The Ryugu return samples were comprehensively analyzed by the Hayabusa2 Phase 2 Curation 
Team at the Pheasant Memorial Laboratory (PML), Institute for Planetary Materials (IPM), 
Okayama University at Misasa. While the results demonstrated that Ryugu was in essence of a CI1 
(Ivuna Group) composition, differences observed between the individual Ryugu particles (in terms 
of their elemental and isotopic composition and the modal abundance of their phases) and indicated 
an inherent heterogeneity within the asteroid Ryugu. The differences observed indicated that some 
Ryugu particles likely experienced higher levels of aqueous alteration than others or accreted with 
different local mineral assemblages and organic matter compositions. In light of this discovery, it is 
important to apply PML’s comprehensive analytical approach to other extraterrestrial samples, such 
as carbonaceous chondrites, to determine if similar observations relating to mineralogy and organic 
matter can be found. Such findings can help to explain the Ryugu results and place them in the 
wider context of extraterrestrial materials. Thus, enabling a better understanding of the formation 
and evolution of the solar system. 
 
The internship students will work together to undertake a comprehensive analysis of several 
different carbonaceous chondrites. The methodology will include sample preparation procedures, 
wet chemistry, bulk analysis and in situ analysis of both elements and isotopes, as well as the 
determination and mapping of inorganic and organic phases. Bulk analytical techniques will include 
inductively coupled plasma-mass spectrometry (ICP-MS) and elemental analysis using an isotope 
ratio mass spectrometer (EA-IRMS). In-situ analysis will include phase and elemental abundance 
determination and mapping using scanning electron microscopy with energy dispersive X-ray 
spectroscopy (SEM-EDS), transmission electron microscopy (TEM) and electron microprobe 
analysis (EPMA), further organic and inorganic phase characterization with Raman spectroscopy 
and acquisition of isotopic and compositional information through the application of secondary ion 
mass spectrometry (SIMS). The internship students will then discuss and interpret the data, to build 
up a picture of the processes affecting the organic and mineral phases within carbonaceous 
chondrites and Ryugu particles. 
 
The students will be exposed to an array of different analytical techniques and set-ups, as well as 
lab environments. Such experience will greatly contribute to the student’s scientific experience and 
aid them in a future career in science, whether that be in academia or industry. A large 
comprehensive data set will be acquired and the students will gain valuable data analysis and 
interpretation skills. In terms of the scientific outcomes, the students will help to determine whether 
carbonaceous chondrites record similar heterogeneities to Ryugu samples and increase our 
understanding of mineral-organic relationships and both pre-accretionary and asteroidal processes. 
With this information a better understanding of the formation and evolution of solar system 
materials will be obtained. 
 
 



Internship project proposal for MISIP 2023 [Project (2)] 
 
1) Project title: Thermal conductivity measurement of majoritic garnet 
2) Supervisors (*corresponding): Takashi Yoshino*, Daisuke Yamazaki 
3) Number of students: 1 or 2 
4) Detailed description of the project  
 
Thermal conductivity is one of key physical parameters to control dynamics of the Earth’s interior. 
Garnet is the most abundant mineral of subducted oceanic crust in the transition zone. Knowledge 
of the heat-transport properties of this mineral is essential for understanding thermal regimes in the 
Earth’s mantle. Considering temperature dependence of thermal conductivity, models of 
lithospheric geotherms and the thermal structure of subducting lithospheric slabs would be 
significantly changed. Thus, accurate thermal conductivity data is needed to understand a variety of 
processes including subduction dynamics and the origin of deep earthquakes. 
Numerous numbers of thermal conductivity measurements of olivine have been conducted, but the 
results are not consistent. In addition, thermal conductivity measurement of wadsleyite and 
ringwoodite are very limited because of the difficulty in making measurements at their stability 
conditions. A pulse method of one-dimensional sample configuration was developed by Dzhavadov 
(1975); he measured λ and κ simultaneously at room pressure. Osako et al. (2004) applied this 
method to high-pressure condition, and succeeded thermal conductivity and diffusivity of olivine, 
garnet, serpentine etc. To obtain systematic results through each phase, in this project, the students 
will perform simultaneous measurement of thermal conductivity and diffusivity of garnet with 
MORB composition using pulse method. 
Plan 

1) Synthesis of aggregates of majoritic garnet with MORB composition in multianvil press 

2) Phase identification by XRD, SEM and EPMA 

3) In situ thermal conductivity measurements of synthesized sample by pulse method under 

high pressure and high temperature 

4) Post-experimental analysis of recovered samples 

The recovered samples will be analyzed using backscatter electron imaging, X-ray 

diffraction, and electron microprobe analyzer (EPMA) before and after the conductivity 

measurements.  

Simultaneous thermal conductivity and diffusivity measurements of garnet can provide 

important constraints on thermal structure of the subducting slab and origin of deep earthquake. 
 



Internship project proposal for MISIP 2023 [Project (3)] 
 
1) Project title: Water solubility of CaSiO3-CaTiO3 perovskite 
2) Supervisors (*corresponding): Takayuki Ishii, *Yoshino Takashi 
3) Number of students: One 
4) Detailed description of the project 

CaSiO3 cubic perovskite, davemaoite, is one of the abundant minerals in the peridotite 
mantle and subducted basaltic crusts (e.g. Irifune et al. 2010; Ishii et al. 2022). The stability and 
physical properties of dry Dm such as elasticity and rheology has been intensively investigated, 
suggesting important implications with lower mantle structure and dynamics (e.g. Komabayashi et 
al. 2007; Gréaux et al. 2019). Accordingly, it is important to determine water solubility of Dm to 
discuss its role in the mantle.  

The most recent experimental and theoretical studies, Chen et al. (2020) and Shim et al. 
(2022), respectively, proposed a percent level solubility of water (0.5-2 wt.%) in davemaoite. 
However, there is still no clear evidence of such significant solubility of water because Dm cannot 
be recovered into the ambient condition due to amorphization, which allows us not to analyze its 
water solubility precisely. It is known that Dm can make a solid solution with CaTiO3 component, 
which becomes quenchable when Dm has more than 40 mol% CaTiO3 component (Kubo et al. 
1997). Thus, synthesizing such a solid solution allows us to much more precisely estimate water 
content in Dm. 

In this proposal, CaSiO3-CaTiO3 perovskite will be synthesized under water saturated 
conditions at 15-20 GPa up to 2000 K by means of multi-anvil press. Water solubility of the recovered 
perovskite will be determined by Fourier transform infrared spectroscopy (FT-IR).  

Starting materials of CaSiO3-CaTiO3 perovskite with a molar ratio of 7:3 and 3:7 will be 
prepared as a mixture of regent-grades Ca(OH)2, SiO2, and TiO2. Each sample will be put in a welded 
Pt tube capsule. 10-mm Cr2O3-doped octahedral pressure media will be used by combining with 
tungsten carbide anvils with a truncated edge length of 5 mm. A cylindrical LaCrO3 heater will be 
inserted into the center of the pressure media. The sample capsules surrounded by an MgO capsule 
will put simultaneously in the center of the heater. Temperature will be monitored using a W-Re 
thermocouple at the center of the heater. The samples will be compressed to 15 or 20 GPa and heated 
to a desired temperature of 1400-2000 K for 3-6 h. Recovered samples will be analyzed by scanning 
electron microscopy with energy-dispersive X-ray spectroscopy and micro-focused X-ray diffraction 
for phase identification and chemical analysis. Recovered perovskites will be analyzed by FT-IR to 
estimate their water content. 

This proposal will provide new insights on water incorporation in davemaoite, which has not 
been clearly mentioned, and therefore the role of water in the mantle.  
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Internship project proposal for MISIP 2023 [Project (4)] 

1) Project title: Water in nominally anhydrous mantle minerals: High-pressure synthesis and
spectroscopic characterization
2) Supervisors: Xianyu Xue* and Masami Kanzaki
3) Number of students: 1~2
4) Detailed description of the project:
Background & Aim: Water, even when present in trace amounts in ‘nominally anhydrous’ major
mantle minerals, could have significant effects on mantle properties. Thus, a large number of
studies have been conducted thus far to investigate the influence of incorporated water on various
physical properties (e.g. elastic properties, electrical and thermal conductivities) for major mantle
minerals, often with controversial results. As the effects of water on mineral properties strongly
depend on how it is incorporated in the crystal structure, a fundamental understanding of the
structure and its correlation with physical properties is indispensable. Most of the structural studies
on H incorporation in ‘nominally anhydrous’ minerals have been carried out so far using infrared
spectroscopy. The interpretations are, however, often controversial.

On the other hand, our studies using combined multi-nuclear solid-state NMR and Raman 
spectroscopic measurements on nominally anhydrous minerals have turned out to be very 
successful, and provided unambiguous evidence for the H incorporation mechanisms and water 
content in minerals such as Mg2SiO4 forsterite and MgSiO3 enstatite.  

The aim of this project is to extend our earlier study to mantle minerals of more complicated 
chemistry, such as aluminous orthopyroxene. 

. 
Detailed Plan: 
(1) Sample synthesis: Samples of aluminous enstatite with varying H2O and Al contents will be

synthesized in a piston cylinder apparatus at about 1~2 GPa, ~1000˚C. Depending on progress,
the study may be extended to other related mantle minerals (e.g., jadeite).

(2) One- and two-dimensional multi-nuclear (1H, 29Si, 27Al…)  MAS NMR, and micro-Raman and
EPMA measurements will be done on the synthesized samples.

Raman can reveal OH stretching vibrations, in addition to phase identification, and thus
provide ready comparison with literature infrared data. Raman, rather than infrared, is chosen,
because of simplicity in sample preparation.

NMR measurements can provide not only quantitative information about the bulk water
content, but also constraints on how water is incorporated in the structure.

(3) (Optional) First-principles calculation of structure and NMR parameters of H-bearing
aluminous enstatite models using the GIPAW method and the Quantum Espresso package.

Such calculations are becoming reliable enough and indispensable to guide interpretations of 
experimental NMR data. 

Expected Outcome: 
It is hoped that this study will provide unambiguous evidence regarding how H is incorporated 

into aluminous enstatite structure. Such information should be useful in helping understand how 
water affects the physical properties of mantle pyroxene, which, in turn, is required for a better 
understanding of the structure and dynamics of the upper mantle. 



Internship project proposal for MISIP 2023 [Project (5)] 
 
1) Project title: Electrical conductivity measurement of siderite under the lower-mantle pressure 
conditions 
2) Supervisors (*corresponding): Izumi Mashino*, Shigeru Yamashita 
3) Number of students: 1 
4) Detailed description of the project  
 

Carbonates can be transported into the Earth’s deep interior through subducting slabs, and thus 
have been proposed as host minerals for carbon in the Earth’s mantle. Therefore, revealing the 
behavior of carbonates at extreme conditions is a key to understanding the deep carbon cycle.  

Siderite (FeCO3) forms a complete solid solution with magnesite (MgCO3), and the solid 
solution is the most likely candidate for carbonates in the mantle. Fe2+ in FeCO3 is known to 
undergo a high-spin to low-spin transition under the pressure conditions of the lower mantle 
(Cerantola et al., 2015; 2017). The spin transition of iron affects physical properties of host phases 
such as density, electrical and thermal conductivity. Especially, the electrical conductivity is 
sensitive to the valence/spin states of iron. Previous studies observed clear trend changes in 
electrical conductivity of the major iron-bearing mantle minerals such as bridgmanite and 
ferropericlase, which is likely associated with spin transition from high-spin to intermediate/low-
spin states of iron.  

In this proposal, the student will conduct high-pressure electrical conductivity measurements of 
FeCO3 using a diamond anvil cell (DAC) up to ~70 GPa at ambient temperature in order to 
understand the effect of iron on the behavior of carbonates, especially the effect of the spin 
transition of iron in FeCO3. 
 
Methods: 
・High pressure generation using a symmetric DAC with 300-μm culets. 
・Electrical conductivity measurements will be performed using the two-wire terminal method in a 
DAC. 
・Pressure will be determined using the Raman T2g mode of the diamond anvil. 
・Observation of vibrational modes of FeCO3 by Raman spectroscopy. 
 

In addition to understanding the nature of the effect of iron, measured electrical conductivity 
data may contribute to interpret the heterogeneous electrical conductivity structure observed in the 
mid-lower mantle (Tarits & Mandéa, 2012). 
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