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Determination of electric field gradient tensor of Fe3+ in M1 site 

of aegirine by single crystal Mössbauer spectroscopy 
Keiji Shinoda* (Osaka City Univ.), Yasuhiro Kobayashi (KURNS) 

The Fe57 Mössbauer spectroscopy have been widely used to analyses of Fe2+/Fe3+ ratio and Fe2+ ratio 
between non-equivalent crystallographic sites of Fe bearing minerals.  Fe ions in non-magnetic 
minerals such as olivine, pyroxene, mica show doublet peaks due to quadrupole splitting in Mössbauer 
spectra. The quadrupole splitting results from an interaction between the nuclear quadrupole moment 
and the electric field gradient (EFG) due to electrons around the nucleus.  Mössbauer peaks have 
Lorentzian shapes, Lorentzian peaks due to quadrupole splitting are characterized by 4 variables, (1) 
isomer shift (IS), (2) quadrupole splitting (QS), (3) line width (LW) and (4) intensity ratio (IR). 
Doublet peaks of Mössbauer spectra are usually analyses by least square fitting (LSQ) raw data with 
allowing 4 variables to vary independently.  Fe2+ ions occupying two non-equivalent sites such as M1 
and M2 sites in pyroxene give two kinds of doublet peaks of closely overlapping (Dyar et al. 2013). 
In the case of powder samples of which two doublets are closely overlapping, doublet's variables can 
be converging by LSQ because the forth parameter intensity ratio can be fixed into 0.5:0.5.  However, 
doublet peak ratios of thin sections of single crystal vary depending on the angle between the direction 
of incident γ-ray and crystallographic orientation of the thin section.  Therefore, separation of closely 
overlapping doublet peaks with independent four variables result in a few possible resultant values 
depending on the starting values and fail to get the most probable parameters.  In the measurements of 
Mössbauer spectra of thin sections of a single crystal, a constraint on the intensity ratio of quadrupole 
splitting is important during data fitting.  Intensity ratio due to Fe2+ (Fe3+) occupying a 
crystallographic site can be calculated from an EFG tensor of the site.  The determination of EFG 
tensor is important to calculate intensity ratio.  To compare an experimentally determined EFG tensor 
with the crystal structure is important for theoretically calculating EFG tensors.  The EFG tensor can 
be experimentally determined from intensity tensor measured by Mössbauer spectra of single crystal. 
Zimmermann (1975, 1983) proposed the formulation of EFG tensor from intensity tensor and an 
example of monoclinic crystal.  Tennant et al. (2000) applied Zimmermann's method to hedenbergite 
and determined EFG tensor of Fe2+ occupying M1 site of hedenbergite from single crystal Mössbauer 
spectra.  In this study, Zimmermann's method was applied to aegirine (NaFeSi2O6), in which Fe3+ 
occupies M1 site of pyroxene structure in order to determine EFG tensor of aegirine and to compare 
EFG tensor of hedenbergite in which Fe2+ occupies M1 site of pyroxene structure.  Three components 
of Electric Field Gradient (EFG) tensor of Fe3+ in M1 site of aegirine were (-0.218(5), 0.214(5), 
0.004(10)).  Asymmetric parameter η was nearly equal to 1.  The principal axes of EFG tensor of 
aegirine are almost oriented to a*, b, c-axes.  While Vxx axis is determined to orient b-axis, Vyy and Vzz 
axes were not fixed along a* or c-axes.   
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ISEE Etienne Skrzypek

Effect of matrix correction model and mass attenuation 
coefficients in EPMA-CHIME dating 

Takenori Kato* (Nagoya Univ.), Etienne Skrzypek (Kyoto Univ.), Tetsuo Kawakami (Kyoto Univ.) and 

Mi-Jung Jeen (Pusan Natl. Univ.)

CHIME (Suzuki & Adachi, 1991; 

Suzuki and Kato, 2008) 
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CHIME

EPMA X

EPMA

CHIME
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2000; 1033 Ma) 44069 (Aleinikoff et al., 
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Keywords: CHIME dating, Electron Probe Microanalysis (EPMA), matrix correction, monazite

*Corresponding author: kato@nendai.nagoya-u.ac.jp
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Electron diffraction mapping for strain analysis of grain boundary, 

and its application for mineralogy 
 

Yohei IGAMI*(Kyoto Univ., Nagoya Univ.), Akira MIYAKE (Kyoto Univ.) 
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[1] Hytch, Snoeck, and Kilaas, Ultramicroscopy, 74, 
131–146 (1998  
[2] Usuda, Numata, Irisawa, Hirashita, and Takagi, 
Mat. Sci. Eng. B, 124, 143–147 (2005  
[3] Igami, Miyake, Shimobayashi, J. Miner. Petrol. Sci., 
in press 
[4] GAAJ Research Lab. Report 
(2005) 

Key words: transmission electron microscopy, strain analysis, electron diffraction mapping 
*Corresponding author: y-igami@nagoya-u.jp
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Spectroscopic properties of a brown pink CVD diamond which has been 
heat treated under ambient pressure. 

Hiroshi Kitawaki , Kentaro Emori, Mio Hisanaga, Masahiro Yamamoto, Makoto Okano 
(Central Gem Lab.)  
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Fig: LPHT treated Brown pink CVD synthetic 
diamond in this study (0.192ct) 

Keywords: CVD synthetic diamonds, Identification, 
optical defect 
Corresponding author: kitawaki@cgl.co.jp 
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Be  
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Be Containing nano-inclusions in Blue Sapphire 
from Diego, Madagascar 

Kentaro Emori*, Hiroshi Kitawaki (Central Gem Lab), Akira Miyake (Kyoto University) 
We observed Be-containing natural blue sapphires from Diego, Madagascar by TEM and LA-ICP-MS 
and found there are nano-inclusions which have 20-40nm length and 5-10nm wide and consisted of Be, 
Ti, Nb, Ta. Those inclusions might be an unknown mineral. 

2001 9
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Be
Be

Be
Be

(Shen et al.,
2007) Be

(Emori et
al., 2014) Be

Shen et al. (2012)

Be
TEM
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JEOL JED-2100F TEM
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Ta, W, Th Be
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Be TEM
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Ti Ta Ti : Ta = 4 : 1

Al, Fe

Be

Ti Nb Ta
Be

Be : Ti : Nb : Ta  3 : 16 : 1 : 4
Shen et al. (2012) 

Shen A.,McClure S., Breeding C. M., Scarratt K., 
Wang W., Smith C., Shigley J., 2007. Beryllium in 
Corundum: The Consequences for Blue Sapphire. GIA 
Insider, Vol.9, Issue 2 (January 26, 2007) 
Emori K., Kitawaki H., Okano M., (2014) Beryllium-
Diffused Corundum in the Japanese Market, and 
Assessing the Natural vs. Diffused Origin of Beryllium 
in Sapphire. Journal of Gemmology, 34(2), 2014, 130-
137 
Shen A., Wirth R., 2012. Beryllium-Bearing nano-
inclusions identified in untreated Madagascar sapphire. 
Gems & Gemology, 48(2), 150-151 

Keywords: Blue Sapphire, Beryllium, nano-inclusion, LA-ICP-MS, TEM 
*Corresponding Author: emori@cgl.co.jp
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 ( )  ( ) 
Occurrence and properties of fibrous tourmaline; 

discovery of nanofiber tourmaline 
Yohei Shirose* (Kyoto Univ.), Seiichiro Uehara (Kyushu Univ.) 

Dutrow 
& Henry, 2016

- - -
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Keywords: tourmaline, fibrous tourmaline, nanofiber, foitite-schorl, Tanakamiyama 
*Corresponding author: shirose.yohei.6n@kyoto-u.ac.jp

FFig. 1 Secondary electron image of curved nanofiber
tourmaline from Tanakamiyama. 
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Occurrence of fibrous serpentines in serpentine veins  
from Shimodake, Izumimachi, Yatsushiro city, Kumamoto prefecture 

Satomi Enju* (Grad. Sci., Kyoto Univ.), Seiichiro Uehara (Fac. Sci., Kyushu Univ.) 
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[1] Baronnet, A. and Devouard, B. 

(2005) Can. Min. 43, 513-542. [2] Wicks, F.J. and 

Whittaker, E.J.W. (1977) Can. Min., 15, 459-488. 

[3] Yada, K. (1971) Acta Cryst., A27, 659. 

[4]Enju, S. (2018) Kyushu Univ. D-thesis. 78p.

Key words: polygonal serpentine, chrysotile, serpentine, Kyushu Kurosegawa belt 
*Corresponding author: enju-min@kueps.kyoto-u.ac.jp
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Ferri-ghoseite from the Iimori mine, Wakayama Prefecture, Japan 
Yasuyuki Banno* (AIST), Koichi Momma, Ritsuro Miyawaki (Nat’l. Mus. Nat. Sci.), 

 Shigeo Yamada (Nichika Inc.) 

Ferri-ghoseite [A□B(NaMn2+)C(Mg4Fe3+)TSi8 
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(Williams et al., 2013) magnesio- 
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Shau et al. (1993) Tirodi

ferri-ghoseite

BNa BMn2+

(2010, 2016: )

Mn

EPMA Mrbk

Csue

X

BSE

EPMA Mrbk

Mn-poor ferri-ghoseite (BMn = 0-0.44 apfu)
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Keywords: amphibole, ferri-ghoseite, clino-suenoite, 

magnesio-riebeckite, solid solution 
*Corresponding author: y-banno@aist.go.jp
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Graƫianite in manganese ore from the Hagidaira mine, 
Gumma Prefecture, Japan 

Satoshi Matsubara, Ritsuro Miyawaki, Koichi Momma, Akira Kato, Masako Shigeoka (Nat’l. Mus. Nat. 
Sci.), Masaaki Shimizu (U. Toyama), Yoshinori Kyono, Yoshihiro Ohara, Akira Harada. 

Graţianite occurs as irregular aggregates up to 1 mm in rhodonite-rhodochrosite-quartz ore from the 
Hagidaira mine, Gumma Prefecture, Japan. It is in association with cosalite, bismuth and ingodite. 
Graţianite was examined by Gandolfi camera and electron probe microanalyzer (WDS). The 
representative chemical composition of graţianite is Mn 7.23, Fe 1.73, Pb 0.85, Bi 68.36, Sb 0.54, Se 
0.04, S 21.20, total 99.95 wt.%. The empirical formula is (Mn0.794Fe0.187Pb0.025)∑1.006(Bi1.974Sb0.027)∑2.001 
(S3.990Se0.003)∑3.993. The unit cell parameters are a = 12.7123(10), b = 3.91348(12), c = 14.7749(10) Å 
and β = 115.310(6)°. It was formed by later hydrothermal activity into contact metasomatic manganese 
ore.  

Mn, Fe, Co, Ni, Cu, 

Zn, As, Mo, Te, W, Pb, Bi

Bi-Te

1980 Pb-Te-Bi

WDS

(Mn,Fe)Bi2S4

2013

IMA graţianite

2013-076

2017 Pb-Te-Bi

(Mn,Fe)Bi2S4

X

graţianite

Mn

graţianite Bi

Keywords: graţianite, Hagidaira mine, manganese ore 
*Corresponding author: matubara@kahaku.go.jp
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* ( ),  ( ), Stuart Mills (Museums Victoria),  
 ( ),  ( ),  

Cation ordering in welinite crystals from the Yamada mine, Mie Prefecture, 
Japan 

Koichi Momma*(Nat’l. Mus. Nat. Sci.), Daisuke Nishio-Hamane (Univ. Tokyo), Stuart Mills (Museums 
Victoria), Norimasa Shimobayashi (Kyoto Univ.), Ritsuro Miyawaki (Nat’l. Mus. Nat. Sci.), Sachio Inaba 

Welinite is a manganese-tungsten silicate mineral originally discovered from Långban, Sweden. In previous 
studies, the crystal structure was solved in P63 Moore, 1969 or its sub-group P3 (Dunn et al., 1986) with a = 

8.155 and c = 4.785, and an ideal formula of Mn2+6(W6+,Mg)2(SiO4)2(O,OH)6. We recently found welinite 
crystals having a √3 × 3 superstructure with a = 14.074(3) and c = 14.455(3) Å. The sample was collected 
from Yamada mine, Mie Prefecture, Japan. Single-crystal X-ray diffraction analysis revealed that space group 
of the superstructure is R3, and there is long-range ordering of W sites and vacancies. 
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Keywords: welinite, cation ordering, superstructure, silicate 

Corresponding Author: k-momma@kahaku.go.jp 
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* JAMSTEC

Microstructure and chemical composition of lodestone 
from Iron County, Utah, USA 

Makio Ohkawa*, Jun-ichi Ando (Hiroshima Uni. Sci.), Naotaka Tomioka (JAMSTEC),  
Yu Kodama (Marine Works Japan) 
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Keywords: lodestone, magnetite, Si-substitution, intergrowth 
*Corresponding author: ohkawa@hiroshima-u.ac.jp
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Determination of Fe3+/ Fe in magnetite by electron probe microanalysis 
Koji Ichimura*, Toshihiro Kogure (Univ. Tokyo) 
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Mineral. Petr. 114, 36-64. 
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Keywords: valence, magnetite, EPMA 
*Corresponding author: ichimura@eps.s.u-tokyo.ac.jp 
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(SiO2), Ca2SiO4, Cu, Si  

In-situ TEM observation of minerals: quartz (SiO2), Ca2SiO4, Cu, Si 
Akira Miyake (Kyoto Univ.)*, Yohei Igami (Nagoya Univ.) and Ryo Maeda (Kyoto Univ.) 
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Morimoto et al. (1989) Mineral. J., 14, 246. 
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Chem. Minerals, 18, 153. 
Shimobayashi (1992) American Mineralogist, 
77, 107 
Niekel et al. (2017) Ultramicroscopy, 176, 
161. 

Keyword: in-situ heating TEM observation, MEMS chip 

Corresponding author: miya@kueps.kyoto.ac.jp 
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Texture analyses of pseudomorphs of silica minerals 
T. Nagase* (Tohoku Univ.), K. Momma  (Nat'l. Mus. Nat. Sci.) T.Ishibashi (Masutomi 

Mus. Geosci.), D.Nishio-Hamane (Tokyo Univ.), T. Kuribayashi (Tohoku Univ.), 

(
)

2013 , 2015
2011, Momma et al. 

2011
,2014
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Keywords: silica mineral, pseudomorph, quartz, chibaite, melanophlogite
*Corresponding author:nagase@m.tohoku.ac.jp
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 *  

SEM–EDS analyses of solid and polyphase-fluid inclusions in quartz 
crystals from Oohinata acidic rocks, Nagano prefecture. 

M. Kurosawa*(Life Env. Sci., Univ. Tsukuba) 

Daughter minerals in polyphase fluid inclusions of quartz crystals from quartz veins in granodiorites at the 
Miocene Oohinata acidic rocks, Nagano prefecture, Japan, were analyzed with a SEM–EDS to examine 
chemistries of highly-saline hydrothermal fluids from Miocene granitoids associated with polymetallic ore 
deposits in Japan. 

SEM–EDS
Sr

 2015; 2017

CaCl2

 2004; Ishiyama et al. 2006

SEM–EDS
FeCl2

CaCl2

NaCl
KCl B Mg Al S P Ca Ti Mn

Cr Fe Co Ni Zn Sn

Keywords: Fluid inclusion, daughter crystal, SEM, granite, hydrothermal fluid 
*Corresponding author: kurosawa@geol.tsukuba.ac.jp
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Chemical feature of Yttrian Zirconolite from the 
Sør Rondane Mountains, Antarctica 

T. Shimura* (Yamaguchi Univ.), R. Miyawaki, K. Momma (Nat’l. Mus. Nat. Sci.), A. Kamei (Shimane 
Univ.), K. Tsukada (Nagoya Univ.), M. Owada (Yamaguchi Univ.), and M. Yuhara (Fukuoka Univ.) 

Zirconolite (CaZrTi2O7) is rare oxide minerals. We found yttrian zirconolite from the Sør Rondane 
Mountains, East Antarctica. The sample locality of this study is located in the Koyubi Ridge of the 
Brattnipene area. The zirconolite is found from a Mg-Al rich, Si-poor granulite facies skarn. The skarn 
rocks contain several kinds of Zr, Ti, REE, and U-Th bearing minerals. These are uraninite, 
polycrase-(Y), zircon, baddeleyite, geikielite, rutile, and magnesiohögbomite-2N4S. The zirconolite 
has very low Ca content but contains significant amounts of REE, U, Th, and Nb. Ca-site of this 
zirconolite is replaced by REE over 80%. The chemical formula is (REE, U, Th) (Zr, Hf) (Ti, Al, Fe, 
Mg)2 O7. 

CaZrTi2O7

Bayliss et al., 
1989  SiO2

U Th

SYNROC  

50

Mg-Al Si

2N4S
IMA#2010-084, Shimura et 

al., 2012

 Fo + Spl + Phl + Gk + Rt 
 Hgb + Crn + Spl + Phl + Clc 
 Amp + Spl + Phl 

(Y)
U-Th

U-Th  
EPMA

REE 33
Ca REE

Y2O3 9.1wt%
REE 20.7wt%

REE

 Ca2+Zr Ti4+
2 O7  

(REE3+,U, Th) (Zr, Hf) (Ti4+,Al3+,Fe2+,Mg2+)2 O7 
Y Ca

REE
REE+U+Th  

ThO2 = 2 3wt%  
UO2 = 3 7wt %

Reference 
Bayliss et al. (1989) Mineral. Magazine, 53, 565-569. 
Shimura et al. (2012) Amer. Mineral., 97, 268-280.

Keywords: zirconolite, yttrium, REE, Sør Rondane Mountains, Antarctica 
Corresponding author: smr@yamaguchi-u.ac.jp 
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vimsite

Vimsite from the Fuka mine, Takahashi, Okayama, Japan 
Manami Yuasa, Shoichi Kobayashi* (Okayama Univ. Science), Isao Kusachi (Okayama Univ.), 

Shigetomo Kishi, Mitsuo Tanabe 

Vimsite CaB2O2(OH)4

Shashkin et al. (1968) 

vimsite uralborite
2mm

garnet
Shashkin et al. (1969)

Simonov et al. (1976)
Vimsite

calciborite uralborite, 
nifontovite CaO:B2O3 = 1:1

metaborate vimsite 
(C2/c) uralborite (P21/n)

2011 shimazakiite

vimsite
vimsite shimazakiite

sibirskite
priceite, uralborite, 

calciborite kurchatovite

X
X  

Keywords: vimsite, metaborate, skarn, Fuka 

*Corresponding author: kobayashi@das.ous.ac.jp

dÅ(I) (hkl) 3.46(100)(202), 6.93(28) 

(101), 2.31(10)(303) , 3.04(9)(103), 2.22(9)(020)

a=10.021(10), 
b=4.434(7), c=9.618(15) Å, β=91.205(2)°

Simonov 1976 (pdf

01-073-2458 a=10.026(2), b=4.440(1), 
c=9.558(3) Å, β=91.31(2)° c

 

EPMA(WDS)
O=6 (Ca0.992 

Mg0.009Fe0.003Mn0.001) 1.005B1.995 O1.993 (OH)4.007

Shashkin et al. (1968)
vimsite  
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fedorovskite

  *    

  

Fedorovskite from the Fuka mine, Takahashi, Okayama, Japan 
M. Kinjo, S. Kobayashi* (Okayama Univ. Sci.), I. Kusachi (Okayama Univ.), S. Kishi, M. Tanabe 

and Y. Ichihashi 

Fedorovskite Ca2Mg2B4O7(OH)6

roweite Ca2Mn2B4O7(OH)6

Fedorovskite Solongo
sakhaite, frolovite, 

uralborite
Malinko (1976)

Franklin Solongo roweite roweite 
- fedorovskite

shimazakiite
fedorovskite

fedorovskite shimazakiite
fluorite

cahnite, calcite
ettringite,
Fedorovskite

calcite
chalcocite X

dÅ(I) 
(hkl) 3.92(100)(201), 2.58(63)(321), 3.91 
(61) (130), 1.94(58)(323)

a=8.913(8), b= 
13.089(18), c= 8.275(16)Å ICDD26-
1065 Malinko (1976) a= 

Keyword: fedorovskite, Ca-Mg borate, skarn, Fuka 
*Corresponding author: kobayashi@das.ous.ac.jp 

8.96, b=13.15, c=8.15Å
Roweite fedorovskite Mg/Mn

 
 EPMA(WDS) 10

O=13
Ca2.063(Mg1.948Fe0.073Mn0.023 

Zn0.002Co0.001Ni0.001)Σ2.048(B3.949Si0.107)Σ4.056O7.499 

(OH5.501F0.591) Σ6.092 Malinko (1976)

fedorovskite
B Si OH

F B Si
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Schwertmannite speleothems from the south-area of Gunma Prefecture 
M.Kawasaki*(Sayama), S.Saitou(Tomioka), T.Sano K.Momma Y.Kusaba R.Miyawaki

S.Matsubara(National Museum Nat. Sci.) 

We studied speleothems from several caves in the south-area of Gunma Prefecture. Speleothems were 

identified as schwertmannite by X-ray powder diffraction and the content of As impurity was 

characterized to be 2000ppm by X-ray fluorescence analysis. 

1994

Fe16O16(OH)y(SO4)z
nH2O 16 y=2z, 2.0<z<3.5)

pH3
Fe(II) Fe(III)

Bigham et.al., 
1994  

pH=3~5

X

X 2000 
ppm

2003

Keywords schwertmannite, speleothem, stalactite, As 

Corresponding author quartzcrystal@goo.jp(M.Kawasaki) 
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*( )  
Reinvestigation for hydrous arsenates from the Gozaisho mine, 

Fukushima Prefecture, Japan 
Daisuke Nishio-Hamane (ISSP, Univ. of Tokyo), Yasumitsu Suzuki 

1990

(Castellaroite)
(Coralloite) (Miguelromeroite)

(Parabrandtite)

2015 Monte 
Nero Valletta

Mn2+
3(AsO4)2 4.5H2O

(Mn2.98Ca0.01)(As1.86P0.14)O8 4.5H2O 
a = 8.763, b = 13.478, c = 18.666 Å, 

β = 94.87°, V = 2196.6 Å3 

2010 Monte Nero

Mn2+Mn3+
2(AsO4)2(OH)2 4H2O

Valletta

(Mn2+
1.01Zn0.01)Mn3+

1.97(As1.99P0.03)O8(OH)2

4H2O 
a = 5.583, b = 9.766, c = 5.546 Å, α= 

94.47, β = 111.35, γ = 93.85°, V = 279.3 Å3 

2008
Ojuela
Mn2+

5(AsO3OH)2(AsO4)2(H2O)4

Sterling

(Mn2+
4.78Ca0.05)(As3.98P0.09)O14(OH)2(H2O)4 

a = 18.111, b = 9.330, c = 9.803 Å, β 
= 96.19°, V = 1646.7 Å3 

1986
Sterling
Ca2Mn2+(AsO4)2 2H2O

 
(Ca1.90Mn2+

0.96Zn0.01)(As2.05P0.01)O8

2H2O 
a = 5.641, b = 7.027, c = 5.976 Å, α= 

108.08, β = 109.73, γ = 96.64°, V = 205.5 Å3 

Keywords: casteralloite, coralloite, miguelromeroite, parabrandtite, Gozaisho mine 
*Corresponding author: hamane@issp.u-tokyo.ac.jp
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reppiaite  

Reppiaite from the Yamato Mine, Kagoshima Prefecture, Japan 
Takashi Yamada*, Taki Ohama, (Friends of Mineral, Tokyo),  

Takashi Ishibashi, Takashi Fujiwara (Masutomi Museum of Geoscience) 

Reppiaite is found from the Yamato mine, Kagoshima prefecture, metamorphosed manganese 
ore deposit, which is known for the occurrence of such V-minerals (haradaite, tokyoite, 
palenzonaite, nabiasite, saneroite, medaite, goldmanite, roscolite). Reppiaite occurs as thin 
prismatic crystals with striation up to 1.5mm length. The crystals show translucent deep 
brownish red color. Chemical analyses by EDS show the atomic ratio of Mn:V is approximately 
5:2. Principal lines of reflection obtained by a X-ray powder diffraction method (d/I) are, 4.75 
(100), 3.32 (11), 2.79 (23), 2.68 (43), 2.67 (22), 2.15 (21), 1.566 (14), 1.510 (18) and lattice 
parameters are, a=9.615, b=9.550, c= 5.400(Å), β=98.36 deg. and V= 490.58(Å3).  

( )

Reppiaite
1991

Mn2+
5(VO4)2(OH)4

?

1.5mm ( 1)  

 

(EDS)
Mn:V =5:2  

X (XRD)
: 

a=9.615 b=9.550 c= 5.400(Å) β=98.36° V= 
490.58(Å3)  

 
 
 
 

 
 
 
 

Keywords: reppiaite,  Yamato mine, Kagoshima prefecture,  vanadium mineral 
*Corresponding author: yamada@nms.ac.jp

1. 
. ( 5mm) 

Goldmanite Ca3V3+
2(SiO4)3  Momoi S. 1964 

Haradaite SrV4+Si2O7  Watanabe T., et al . 1974

Medaite Mn2+
6V5+Si5O18(OH)   . 2013

Nabiasite BaMn9(VO4)6(OH)2   . 2008

Palenzonaite (NaCa2)Mn2+
2(VO4)3   . 2008

Poppiite Ca2(V3+,Fe3+,Mg)V3+
2(Si,Al)3(O,OH)14 ,  . 2015

Reppiaite Mn2+
5(VO4)2(OH)4 . 2018

Roscoelite KV3+
2(Si3Al)O10(OH)2 ,  . 2015

Saneroite NaMn2+
5[Si5O14(OH)](VO3)(OH)   . 2013

Tokyoite Ba2Mn3+(VO4)2OH   . 2008

1.  
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Occurrence of skarn minerals from the Eboshi deposit, the Naganobori 
copper mine, Yamaguchi, Japan 

Mariko Nagashima* and Yukina Morishita (Yamaguchi Univ.) 

(Kato, 1916

)

100m

10m

65°

(Kato, 1916)

(Kato 1916)

Ag

(  AgBiS2,  Ag2Te) Te

 (  BiTe)

1) 2) 

Bi 3) 

4) 

Ag Te 5) 

(Adr100-96Grs0-3Sps0-1)

(Hd

~98mol%)  

 (Nagashima et al. 2016; 

Sasaki et al. 2016)

Fe

(Adr99-

18Grs80-1Sps3-0, Hd91-5Di93-2Jhn9-1; Nagashima et al. 

2016)

Keywords: Naganobori, copper, skarn, hedenbergite 

*Corresponding author: nagashim@yamaguchi-u.ac.jp
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x4.5 
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tetradymite
Bi-Se-Te-S  

Tetradymite group minerals and other Bi-Se-Te-S minerals from the 
Kawazu mine, Shizuoka prefecture, Japan 

Takahiro Tanaka (Nittetsu mining) , Daisuke Hamane (ISSP, Univ. of Tokyo), Katsuhito Terashima 

(Nittetsu mining), Haruo Takahashi, Masahiro Hashimoto 

kawazulite
tetradymite

SEM-EDS

Bi-Se-Te-S  

tetradymite Bi-Se-Te-S

 
tetradymite

Fig. 1
tellurobismuthite tetradymite kawazulite

skippenite paraguanajuatite
tetradymite

5

tellurobismuthite {Bi2.1(Te2.74, Se0.16) 3.9} tetradymi 
te {Bi1.98(Te1.96, S1.06) 3.02} kawazulite {Bi2.01(Te1.75, 
Se1.04, S0.21) 3.00} skippenite {Bi2.00(Se1.70, Te1.30)
3.00} paraguanajuatite {Bi1.85(Se2.42, S0.39, Te0.34) 3.15}  

Bi-Se-Te-S
2 1

Bi 41.66 Ag 1.77 Pb 11.46 Te 43.93 Se 0.3
total 100.60 wt% 7

(Bi2.25, Pb0.63, Ag0.19) 3.07(Te3.89, Se0.04) 3.93

rucklidgeite {(Bi, 
Pb)3Te4}

2 Bi 66.26
Se 17.12 Te 13.82 S 2.10 total 99.30 wt%
Bi 60.68 Pb 0.56 Cu 0.04 Se 17.33 Te 18.26
S 1.07 total 97.94 wt% 7

Bi3.14 (Se2.14, Te1.07, S0.65) 3.86

(Bi2.94, Pb0.03) 2.97(Se2.23, Te1.46, Se0.34) 4.03

rucklidgeite
 

Fig. 1 S-Se-Te (anion) diagram for Bi-analogue tetradymite group 

minerals from Kawazu mine. Units are atoms per formula unit 

(a.p.f.u).

Keyword: Kawazu mine, tetradymite group minerals, skippenite, Bi-Se-Te-S, chemical composition range 

*Corresponding author: takahiro-tanaka@kyudai.jp
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 ( )  ( )  ( )
 ( ) 

Bismuth minerals from Ishidera, Wazuka, Kyoto Prefecture, Japan 
Yohei Shirose* (Univ. Mus., Kyoto Univ.), Satomi Enju (Grad. Sch., Kyoto Univ.),  

Kenji Tsuruta (Kyoto City Univ. Arts.), and Norimasa Shimobayashi (Grad. Sch., Kyoto Univ.) 

2000

2008 Shimobayashi et al., 
2012

Shimobayashi et al. (2012)
(anthoinite) [WAlO3(OH)3]

(mpororoite) [WAlO3(OH)3

2H2O]
1 mm

100 μm

XRD EPMA
(bismuth) [Bi]
(bismite) [Bi2O3] -
(bismoclite-daubréeite) [(BiO)(Cl,OH)]
(bismutite) [Bi2CO3] Fig. 1

μm

(russellite) [Bi2WO6] XRD
EPMA Bi:W = 3:1

Bi

Hey & Bannister, 
1938; Hodge, 1970 -

(waylandite) 
[BiAl3(PO4)2(OH)6]  

XRD
060, 002, 200

2.72 Å 131 3.1 Å

b Bi2O2
2+

WO4
2-

2016

TEM

10 nm

Keywords: Bi-mineral, russellite, bismoclite-daubréeite, native bismuth, Ishidera 
*Corresponding author: shirose.yohei.6n@kyoto-u.ac.jp

FFig. 1 BSE image of native bismuth and the reaction rim, 
mainly composed of bismoclite-daubréeite. Qtz: quartz. 
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 ( )  ( )  
 ( )  ( ) 

Will of the specimens” -Mineral collection of Faculty of Engineering, 
Kyoto University, collected by Tadasu Hiki- 

Yohei Shirose* (Univ. Mus., Kyoto Univ.), Norimasa Shimobayashi, Masaki Takaya (Grad. Sch. Sci., 

Kyoto Univ.), Takashi Ishibashi (Masutomi Mus. Geosci.), Michiaki Bunno (Univ. Mus., Univ. Tokyo) 

 1866-
1927

20

1866

1894

1898

1926
1

 

Keywords: Tadasu Hiki, Hiki collection, Will of the specimens, Kyoto Univ., Mining and metallurgical department 
*Corresponding author: shirose.yohei.6n@kyoto-u.ac.jp
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キャンセル 
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ルチル添加による高密度錫石の合成と酸素欠陥化学
（NIMS）坂口勲*、（北大）黒田みなみ、坂本直哉、（東理大）永田肇

Synthesis of polycrystalline tin dioxide and oxygen defect chemistry 
(NIMS) Isao Sakaguchi*, (Hokudai) Minami Kuroda, Naoya Sakamoto, 

(Tokyo Univ.Sci) Hajime Nagata 
Dense polycrystalline tin dioxide (SnO2) was fabricated by the conventional sintering technique. 

Especially, TiO2 doping was effective to decrease the fabrication temperature of SnO2. We found the 
change of oxygen diffusion profiles in samples. In this study, we discuss the effect of TiO2 doping. 

I. 緒言 
n-型酸化物半導体のガスセンサへの応用・
実用化は 1968 年に始まり、最近ではセン
サ部のダウンサイジング化に伴いセンサ部
を粉末からスパッタ薄膜への転換も考えら
れるようになってきている。一般に酸化物
半導体ガスセンサの代表である錫石 (酸化
スズ, SnO2)の薄膜では良好なガスセンサ特
性を得る事が難しい。これは薄膜化に伴い
意図しない酸素欠陥が導入され、薄膜の抵
抗値の制御が困難な事が上げられる。主な
原因としてスパッタ法では利用するターゲ
ットから大量の酸素がアルゴンプラズマで
抜けてしまう事がある。これを抑制するに
は高密度かつ高抵抗の SnO2 ターゲットで
薄膜合成する事が解決策の１つである。こ
こでは SnO2 多結晶体の高密度化に寄与す
る添加物効果と酸素拡散に基づく酸素欠陥
化学について議論する。 

II. 実験
高密度の錫石（以下 SnO2）を合成するため
に、0.5 mol.%の ZnO と 1.0 - 10.0 mol.%
の TiO2を添加した。混合した SnO2粉末を
仮焼、粉砕した。この粉末を用い大気中で
1100 ‒ 1400℃の温度範囲で焼結した。
1200ºC 以上で十分なディスクの相対密度
が得られ、1300ºC のディスクで誘電率を測
定した。さらに一部のディスクで、HIP で
処理行い相対密度の改善を確認した。その
後、誘電率の測定、元素分布の評価を行い、
最後に 18O をトレーサーとした酸素拡散実

験を行った。 

III. 結果と議論
TiO2添加SnO2多結晶体は1200℃以上の焼
結温度で十分な高抵抗体であり、1300 ºC
で得られた試料の比誘電率の TiO2 の添加
濃度の増加に従い 10 から 27 へ増大した。
下図は比誘電率と TiO2 の添加濃度の関係
であり、添加濃度の増大に従い比誘電率も
増大している。これは TiO2が SnO2に固溶
した結果であると考えられる。 

さらに、酸素拡散評価で酸素拡散プロファ
イルに TiO2 添加量に応じた変化が見られ
た。これは酸素の拡散経路が TiO2の固溶に
より変化したと推定される。 
本講演では拡散プロファイルの変化の原因
について報告する。 
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( ) 

Growth of Quartz and Metastable Tridymite in a Flux Solution 
Toshiya Abe* (Yamaguchi Univ.) 

Li2O-V2O5 CaO  
MgO  Na2O, B2O3

 SiO2/
SiO2

CaO-Na2O-B2O3-Li2O-V2O5

CaO-Na2O-Li2O-V2O5

780-900
CaO-MgO-Li2O-V2O5

Pt

HCl SiO2

SiO2-Flux
( )  

CaO-MgO-Li2O-V2O5  
900~780

800
780

900 880 850 800 780
XRD

800

840
800

XRD

Keywords: growth, metastable, flux, quartz, tridymite 
* Corresponding author: toshiya@yamaguchi-u.ac.jp
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Effect of pressurization on the crystallization temperature of amorphous 
calcium carbonate 

Toru Yoshino*, Shin Sano (TIRI), Hiroyuki Kagi (Grad. Sci., Univ. Tokyo) 

CaCO3 nH2O
ACC

ACC

ACC

ACC
300

ACC

ACC

ACC

ACC
ACC

CaCl2 Na2CO3

ACC

0.1-640MPa

XRD

ACC
XRD

Fig. 1
ACC 300

300

150  

Fig.1 

Keywords: Amorphous calcium carbonate, Crystallization, High-pressure 
*Corresponding author: yoshino.toru@iri-tokyo.jp
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Ultra-high pressure synthesis of nano-polycrystalline high-pressure 
minerals and their optical properties 

Tetsuo Irifune 
(GRC, Ehime Univ. & ELSI, TiTech) 

Synthesis, formation mechanism, and some optical properties of nano-polycrystalline high-pressure 
minerals under ultra-high pressure and high temperature are summarized with some future perspectives. 

NPD = 2003
NPD

NPD

GRC
ORANGE-2000, -3000

SiO2

Ca3Al2Si3O12 NaAlSi2O6

5-25 GPa 900-2200
20 2

SEM

TEM  

10GPa

Keywords: nano-polycrystal, ultra-high pressure synthesis, Kawai-type multianvil apparatus, 
high-pressure mineral, transparency 
*Corresponding author: irifune@dpc.ehime-u.ac.jp
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GRC

HiPeR GRC  

Pressure-induced phase transition into the primitive orthorhombic lattice 
of synthetic lawsonite 

Keitaro Okamoto* (Tohoku Univ.), Sho Kakizawa (Ehime Univ.), Toru Inoue (Hiroshima Univ., Ehime 

Univ.), Takahiro Kuribayashi (Tohoku Univ.), Toshiro Nagase (Tohoku Univ.) 

CaAl2[Si2O7] (OH)2 H2O
[ Cmcm]

11.5 wt.% H2O Boffa-Ballaran and 
Angel (2003) Daniel et al. 
(2000) 10 GPa

[P21/m] 4 
GPa

H 2
 [< 273 K Pmcn < 120 K P21cn
] Libowitzky and 

Armbruster, 1995; Meyer et al., 2001

4~10 GPa

X  

2,000
Ca(OH)2, Al(OH)3, SiO2

10 GPa, 1,000 ˚C
X

Merrill-Bassett DAC
PF BL10A

Cmcm
ω

Boffa-Ballaran and Angel (2003) 
 [4 GPa 017 ] Libowitzky 

and Armbruster (1995) 

SHELXL-97 WinGX

017
1.8~2.3 GPa 3014

9

Pmcn
P21cn

R 7.59 % 8.12 %
Pmcn

SiO4 O1
c

Keyword: lawsonite, pressure-induced phase transition, single-crystal X-ray diffraction experiment 
*Corresponding author: keitaro.okamoto.p3@dc.tohoku.ac.jp
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New high-pressure forms of Al2SiO5 (kyanite II & III): Phase relations 
Youmo Zhou* (GRC, Ehime Univ.), Tetsuo Irifune (GRC, Ehime Univ. & ELSI, Tokyo Tech.), 

Hiroaki Ohfuji (GRC, Ehime Univ.), Takahiro Kuribayashi (Dept. Earth Science, Tohoku Univ.) 

 Al2SiO5 crystallizes into three polymorphs, andalusite, sillimanite and kyanite, which are common 

minerals found in shallow metamorphic rocks. The highest-pressure form, kyanite, is known to be stable 

up to about 12-14 GPa and dissociates into Al2O3 corundum and SiO2 stishovite at higher pressures. The 

existence of other forms of Al2SiO5 beyond the stability of kyanite has long been controversial among 

previous experimental and theoretical studies. Ahmed-Zaïd and Madon (1991, 1995) found a V3O5-like 

Al2SiO5 by diamond anvil cell (DAC) experiments at pressures of 40-70 GPa and a temperature of about 

2500 K, and suggested this V3O5-like Al2SiO5 to be a potential host of aluminum in the lower mantle. 

Oganov and Brodholt (2000) reported that V3O5-like Al2SiO5 may have a stability at pressures above 20 

GPa and temperatures above 2900-5000 K, while its structure should be destabilized due to distortion. 

Furthermore, because of the discrepancies in the lattice parameters and density of V3O5-like Al2SiO5 

between the experimental study by Ahmed-Zaïd and Madon (1991) and the ab initio study by Oganov 

and Brodholt (2000), the latter study believed V3O5-like Al2SiO5 was never observed experimentally. 

Neither the Al2SiO5 phase reported by Ahmed-Zaïd and Madon (1991, 1995) nor the V3O5-like Al2SiO5 

calculated by Oganov and Brodholt (2000) has been reproduced by the subsequent experimental studies 

on simple chemical compositions (Kesson et al., 1995; Funamori et al., 1997; Miyajima et al., 1999; Liu 

et al., 2016) or complex multi-component systems (Irifune et al., 2010; Murakami et al., 2005; Hirose et 

al., 2005; Perrillat et al., 2006). 

 We studied the phase relations of Al2SiO5 at pressures of 13-23 GPa and temperatures of 2000-

2900 K by multianvil experiments, and found that kyanite transforms into two new high-pressure forms 

of Al2SiO5 (kyanite II and III) at pressures of 14-17 GPa and those above 17 GPa at temperatures above 

2300-2500 K. The two new Al2SiO5 phases have triclinic and monoclinic crystal symmetries with zero-

pressure densities of 3.876(2) and 3.982(1) g/cm3, respectively, which are denser than kyanite (ρ0 = 3.666 

g/cm3) but less dense than the isochemical mixture of Al2O3 corundum and SiO2 stishovite (ρ0 = 4.036 

g/cm3). In the presentation, I will talk about the details. 
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新新規 Al2SiO5高圧相の結晶構造の決定 

栗林貴弘(東北大・院理)，周佑默(愛媛大・GRC)，大藤弘明(愛媛大・GRC)， 
入舩徹男(愛媛大・GRC) 

Crystal structure determination on new high-pressure phases of Al2SiO5 
T. Kuribayashi* (Tohoku Univ.) , Y. Zhou (Ehime Univ., GRC), H. Ohfuji (Ehime Univ., GRC),  

T. Irifune (Ehime Univ., GRC) 

はじめに Zhou et al. (2018, under revision)により、

Al2SiO5 の高温高圧相平衡実験が行われ、13-23 GPa, 

2000-2900 Kの温度条件において、新たに2つのAl2SiO5

の高圧相が合成、発見された。彼らは、これら2相に対

し、14-17 GPaで安定なkyanite-II相と17 GPa以上で安定

な kyanite-III 相と名付けた。なお、温度条件はともに

2300-2500 Kである。本研究では、

X

 

X

X (Rigaku, AFC-7S)

Photon Factory  BL-10A

X

MoKα (λ 

= 0.71073 Å, 50 kV, 30 mA) λ 

= 0.70134 Å Kyanite-II Kyanite-III

16º < 2θ < 31º 25 17º < 2θ < 25º

20

Kynite-II a = 7.0560(7) Å, b = 9.4372(8) Å, c = 

6.7755(7) Å, α  = 96.763(7)º, β = 99.177(8)º, γ = 108.123(7)º

Kyanite-III a = 9.2964(9) Å, b = 4.7084(5) Å, 

c = 6.66289(10) Å, β = 111.300(9)º

2θmax = 60° 2θ-ω

Laue 1 2/m

Kyanite-II P1

Kyanite-III C2/c  

Charge Flipping

SHELXL97

Kyanite-II R = 4.86 %, wR2 

= 11.80 % Kyanite-III R = 3.71 %, wR2 = 9.77 %

 

Kyanite-III V2TiO5 Al, Si

Al, Si

V2TiO5 Ahmed-Zaid and Madon (1991; 

1995) Oganov and Brodholt (2000) V3O5

VnO2n-1 Horiuchi et al. 

(1989)

V3O5 ( P21/n)  

Kyanite-II

(T2) (M8)

50

phase E

 

Keywords: New Al2SiO5 phases, Al2SiO5 polymorph, Structure determination, Single-crystal X-ray diffraction 
Corresponding Author: t-kuri@m.tohoku.ac.jp 
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Revisit to the nature of siloxane bonding 
Fumiya NORITAKE*(University of Yamanashi, RIKEN) 

A silicate which is a compounds of metal oxide and silica, have been studied in various fields such 

as mineralogy, material science, and metallurgy. The compounds are characterized by existence of SiO4 

tetrahedra, and corner-shared Si-O network if the compounds abundantly contains SiO2 component. 

Variation of Si-O-Si angle in silicates can be varied from 109.47 to 180° by difference of composition, 

temperature and pressure (o’Keeffe & Hyde, 1978). The variations in Si-O-Si angle affect Si-O bond 

strength, that is, decrease of Si-O-Si angle increases the Si-O bond length (Gibbs et al., 1977). A 

hypothesis that an existence of d-p π bonding between Si-3d and lone pair electrons of bridging oxygen 

makes bending configuration of Si-O-Si bridging, and a shift from the stable angle makes Si-O 

bonding weak (Cruickshank, 1961), have been widely believed. Non-empirical calculation based on 

Schrödinger equation is appropriate tool for investigation of relationship among Si-O-Si angle, Si-O 

bond length, its strength, and electronic structure. 

 Newton and Gibbs (1980) reported that a pyrosilisic acid molecule (H6Si2O7, C2v point symmetry) 

has energy minimum at Si-O-Si angle of 145°, which is supported by significant overlap of 3d orbital 

of silicon and 2p orbital of oxygen. However, Tsuneyuki (1996) reported that a straight Si-O-Si 

bridging minimizes the energy of pyrosilisic acid molecule. Recently our previous work (Noritake & 

Kawamura, 2015) reveals that this contrary result was leaded by just insufficient calculation accuracy. 

Employing Møller–Plesset second order perturbation method (Møller & Plesset, 1934) and Pople’s 

split valence triple-zeta basis set (Mclean & Chandler, 1980; Raghavachari et al., 1980) yielded 

bending geometry of C2v pyrosilisic acid molecule. However, calculated stable Si-O-Si angle for 

disiloxane (H6Si2O) using method above was still larger than experimental value (Almenningen et al., 

1963). Past study (Sauer & Lurawski, 1979; Bär & Sauer, 1994) also fail to reproduce molecular 

structure accurately. In this study, I will show appropriate model chemistry and basis set for disiloxane, 

then I apply the method to pyrosilisic acid molecule and discuss the nature of siloxane bridging. 

Keywords: Silicate, Molecular Orbital Calculation 

*Corresponding author: fnoritake@yamanashi.ac.jp
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Ti  
1*, Muhtar Ahart2,  Ho-kwang Mao1,2, 3 

(1  (HPSTAR), Carnegie Inst.  3 ) 
Pressure dependence of electron density of titanate ferroelectric perovskite 

Takamitsu Yamanaka1*,  Muhtar Ahart 2,  Ho-Kwang Mao1,2,  Yuki Nakamoto3 
(1 Center for high-pressure science and technology advance research, 2 Carnegie Institute, 3 Kyokugen Osaka Univ.)  

Electron density distributions of PbTiO3, BaTiO3, and SrTiO3 were determined by synchrotron x-ray single crystal and 
powder diffraction up to 55 GPa at 300 K and maximum entropy method calculations together with ab initio quantum 
molecular orbital calculations. The analyses reveal split atoms in both ferroelectric PbTiO3 and BaTiO3, reflecting the 
two possible positions occupied by the Ti atom. The deformation in electron density and the d-p-π hybridization between 
d -electron of Ti and p of O in the Ti-O bond. Ab initio MO calculations proved the change of the molecular orbital 
coupling and of Mulliken charges with a structure transformation. The charge of Ti in the TiO6 octahedron increased in 
the ionicity with increasing pressure in the cubic phase. The hybridization decreases with pressure and disappears in the 
cubic paraelectric phase, which has a much more localized electron density distribution. Ferro-to-paraelectric 
transformation mechanism under high pressure has been elucidated.  

VIIIAVIBO3

Ti VIB
(I4/mcm) BaTiO3(BTO) PbTiO3(PTO)

(Cmcm)

 
DAC KEK PF BL-10A

(MEM) ED
12GPa  

 d-p-π

paraelectric

cubic

 

d-p-π  
001 Ti-O  
q  ρ(r)  

q = -∫Δρ(r)dr = -4π∫ρ(r)dr  PbTiO3  
qPb = +1.74  qTi = 2.92  qO = -1.55,  BaTiO3  
qBa = +1.91  qTi = 2.79  qO = -1.57 
Keyword:  high-pressure,  maximum entropy method,  molecular orbital calculation,  d-p-π hybridization 
electron density                                   Corresponding author.:  t.yamanaka@cap.pcn.ne.jp

1. T. Yamanaka, M. Ahart, H-k. Mao and H. Yan (2018) Phys.: Condense. Matter 30 265401 1-9     2 T. 
Yamanaka, Y. Nakamoto, M. Ahart and H-k. Mao (2018)  Phys. Rev. B.97 144109      3 T. Yamanaka, M. Ahart, 
H-k.Mao and T. Suzuki (2017)  Solid State Comm. 249, 54-59  
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VI- XV
 

In situ observation of ice VI- XV phase transition 
using high-pressure dielectric measurements 

Ryo YAMANE*, Kazuki KOMATSU, Hiroyuki KAGI (GCRC, The University of Tokyo), 
Jun GOUCHI, Yoshiya UWATOKO (ISSP, The University of Tokyo) 

VI

1,2

P42/nmc
50%

Ih

VI

VI XV
3

4

VI-XV
α-XV, β-XV

5

VI-XV

VI VI XV

VI

Keywords: ice VI, dielectric, order-disorder 
*Corresponding: yamane@eqchem.s.u-tokyo.ac.jp

VI XV

VI 1970

6

1-2 GPa, 110–300 K
1.0 10-2 mol/L HCl

(milli-Q)

1.5 GPa, 120-125 K VI XV

~10-1 s
~10-2 s 1

VI 120 K
6 7

VI
 

1. Kagi, H. et al. Mineral. Mag. 64, 1089–1097 (2000). 
2. Journaux, B. et al. Icarus 226, 355–363 (2013). 
3. Salzmann, C. et al. Science 311, 1758–1761 (2007). 
4. Komatsu, K. et al. Sci. Rep. 1–12 (2016). 
5. Gasser, T. M. et al. Chem. Sci. 9, 4224–4234 (2018). 
6. Johari, G. P. & Whalley, J. Chem. Phys. 70, 2094 (1976). 
7. Mishima, O. et al. J. Chem. Phys. 70, 2037 (1979)
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Order-disorder transition of host-structure of hydrogen hydrate 
under high pressure 

Kazuki Komatsu* (UTokyo), Shinichi Machida (CROSS), Takanori Hattori (JAEA), 
Hiroyuki Kagi (UTokyo) 

1. 

Ih, Ic~XVII

-

Ih
XIh

Ic, II, IV, XVI, 
XVII

II

[1]
II

filled ice II ice II

ice II

ice II

filled ice II
-

2. 

(D2O) MgD2

” ”
403 K 1 MgD2

filled ice II
J-PARC, PLANET

3. 

0.8 ~ 1.8 GPa

300 K

filled ice II

ice II

ice II

[1] Nakamura et al., JPC B, 120, 1843 (2016). 

Keywords: Hydrogen hydrate, High Pressure, Neutron diffraction 
*Corresponding author: kom@eqchem.s.u-tokyo.ac.jp
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{530}  
 ( )  ( )

 ( )  ( )
Cation ordering in the {530} growth sector of the garnet 

from Suisho-dake, Toyama prefecture, Japan 
Yurie Nakamura (AIST), Toshiro Nagase (Tohoku Univ. Museum),  

Takahiro Kuribayashi (Tohoku Univ.), Hiroyuki Imai (Kinseki zoukei studio) 

{Ca3(Fe3+, Al, Cr)2Si3O12} 3

 (Takéuchi et al., 1982)

(Akizuki, 1984)

Nakamura et al. (2016) 

{110} {211}

{530}

{530}

X

(Ca2.96Mn0.12) 3.02(Al1.18Fe0.90) 2.08Si2.90O12

PF (BL-10A)

0.7012

max = 60° +h ±k ±l

SHELXL-97 (Sheldrick, 1997)

a = 

11.958(7), b = 11.965(5), c = 11.969(4)  = 

89.8255(5),  = 89.9860(7),  = 89.9479(7)°

Ia3d 310

24 0kl  (k l = 2n+1)

3

2 {530}

I2/a

I2/a

1I

Keywords: garnet, growth sector, cation ordering 

*Corresponding author: yurie-nakamra@aist.go.jp
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 ( ) 
Structural evolution from iron sulfide nanoparticle to pyrite 

Yoshinari Sano*, Atsushi Kyono, Sota Takagi (Univ. of Tsukuba)

H2S Fe2+

Fe2+ H2S

 (FeS) 
 

(Fe3S4)  
(FeS2)  (Schoonen et al., 1991)

 (Iron-sulfur World 
)

 ( ) 

 (120 ) 
XRD

X  (XAFS) 
 

0.2mol/L
(NH4)2Fe(SO4)2·6H2O 10ml 0.4mol/L
Na2S·9H2O 10ml N2

20ml
77mg 120

2 72 XRD
KEK-PF BL-8B X

0.6868 (5) Å 30
 XAFS KEK-PF BL-9C

Fe-K
X Athena (Ravel et 

al., 2005) 
Artemis (Ravel et al., 2005) 

 

 
(001) d = 5.46 Å 3.06 
nm  
(001) 
4  (001) d = 5.11 Å

3.91 nm 8

3 12
72

Hunger and Benning (2007) 

X  
(XANES) 

72 Fe 2
Skinner et al (1964) 

Fe2+ Fe3+

Fe
Fe3+

Fe2+

X  (EXAFS) 

FeS4

FeS4 FeS6 Fe-S
2.25 Å 2.26 Å

Keywords: iron sulfide nanoparticle, mackinawite, pyrite, synchrotron powder XRD, XAFS 
*corresponding author: sano@geol.tsukuba.ac.jp
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MnS2 hauerite MnSe2 MnTe2  

Crystal structure analyses of MnS2 (hauerite), MnSe2 and MnTe2 and 
crystal chemistry of pyrite type compounds 

Yoshiasa Akira*, Makoto Tokuda, Hidetomo Hongu, Tsubasa Tobase (Kumamoto Univ.), Akihiko 
Nakatsuka (Yamaguch Univ.), Arima Hiroshi, Kazumasa Sugiyama (Tohoku Univ.)

The crystal structure of MnS2 [hauerite a=6.1013(1) Å; u-parameter 0.40105(4) from Osorezan, 

Aomori], MnSe2 [a = 6.4275(2) Å; u-parameter 0.39358(2)], MnTe2 [a = 6.9513(1) Å; u-parameter 

0.38554(2); space group  ; Z=4] and FeS2 [pyrite a=5.4190(1) Å; u-parameter 0.38484(5) from 

Nagasaki] have been analysed by the single-crystal X-ray diffraction and refined yielding the R1 

values of 0.0113, 0.0160, 0.0189 and 0.0181 using 354, 278, 318 and 165 unique reflections with 

Fo>2σ(Fo), respectively. There were no evidences of lower space group symmetry. The mean square 

displacement U11 for S (0.00896(19) Å2) is smaller than that for Mn (0.0112(2) Å2). Thermal 

vibration characteristics for the manganese system are significantly different from the tendency in 

FeS2 pyrite. The S–S distance of 2.0914(8) Å in MnS2 is significantly shorter than that of 2.1618(9) Å 

in FeS2. The 15th group (pnictogen) and 16th group (chalcogen) elements in same period (S:P, Se:As 

and Te:Sb) take similar X–X values in pyrite structures. The anion-anion distances tend to shrink when 

the cation-anion distances extend.

Key words: MnTe2, MnSe2, MnS2, Crystal chemistry of pyrite-
type compounds

 Figure . M-X (Å) versus X-X distances (Å) in the MX2 pyrite-type 
compounds (M: metal ions, X: S, Se, Te, P, As, Sb, Bi). The solid line 
indicates that the distance between M-X and X-X is equal. The dashed 
line shows the overall trend. The X-X distances tend to shrink when the 
M-X distances extend within the same period elements (broken line). 
rystal chemistry of pyrite, pyrite-type compounds

E-mail: @kumamoto-u.ac.jp
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*( ) ( ) ( ) 
Morphological analysis of quartz from Tamayama,  

Iwate prefecture, Japan 
Momoko Yoshimi (Tohoku Univ.), Toshiro Nagase (Tohoku Univ.), Takahiro Kuribayashi (Tohoku Univ.) 
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Keywords: quartz, crystal habit, cathode luminescence method 

*Corresponding author: momoko.yoshimi.t5@dc.tohoku.ac.jp
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Mg nakauriite

Crystal structure analysis of Mg analogue of nakauriite from Hokubo, 
Okayama, Japan 

Y. Nishikori , K. Momma, R. Miyawaki (Nat’l. Mus. Nat. Sci.), S. Kobayashi (Okayama Univ. Sci.) 

and S. Kishi, 

Nakauriite Suzuki et al. (1976)

 (Mn,Ni,Cu)8 (SO4 )4(CO3) 

(OH)6 48H2O

nakauriite

 

nakauriite

[d Å 

(I) (hkl)] 7.30 (100) (200) 3.64 (28) (400) 2.358 

(27) (504) 2.391 (18) (243) 3.93 (7) (222)

a = 14.55 (2) Ǻ b = 

11.41 (2) c = 16.17 (2) V = 2687 (13) Å3

a = 14.585 Å b = 11.470 c = 16.220 V 

= 2713.443 Å3 EPMA

nakauriite MgO 30.98 

wt% CuO 17.51 NiO 0.14 ZnO 0.09 FeO 0.06

CaO 0.01 SiO2 0.01, MnO 0.00 SO3 0.06 CO2 

5.46 H2O 45.68 IR CO2

 Suzuki et al. (1976) 

1

Mg+Cu+Ni+Zn+Fe+Ca+Si = 8 H2O 

Keywords: Nakauriite-Mg, crystal structure 

*Corresponding author: s17sm06ny@ous.jp 
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Structure refinements of low-symmetry trapiche emeralds using 

single-crystal X-ray diffraction 
Chihiro Kaino*, Takahiro Kuribayashi, Toshiro Nagase (Tohoku Univ.) 

(Be3Al2Si6O18)
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Isabella et al. (2015)
(0001)
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X
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3. c
arm

(Fig. 1)

core arm arm

core
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P6/mcc
Cccm

Rint Laue 6/mmm
Rint = 0.093 mmm Rint = 0.057

R P6/mcc
R = 0.0311 Cccm R = 0.0428

P6/mcc Rint R
Cccm

arm
2

core
P6/mcc Rint = 

0.026, R = 0.0174
core P6/mcc  

Keywords: trapiche emerald, single-crystal X-ray diffraction 

*Corresponding author: chihiro.kaino.s3@dc.tohoku.ac.jp

Figure 1. arm  
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Micro manganese inclusion in orange colored calcite inside fossile shell 
FURUKAWA Noboru Chiba Univ.    

, 

1966 ,2000  

Fe

(2000) XRF

Fe

Mn Mg

Mn

  

-

-

400

Mn

30~60nm

TEM  

 orange calcite, manganese oxide 
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   ( ) 
Cathodoluminiescence of Mo-bearing scheelite. 

Ryou Kariya* and Hirotsugu Nishido (Okayama Univ. of Sci.)   

CaWO4 CaMoO4
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R. Tyson, W. Hemphill and A. 
Theisen, American Mineralogist, 73, 1145-1154 
(1988), C. MacRae and N. Wilson. Luminescence 
Database I Minerals and Materials. Microscopy 
and Microanalysis, 194-195 (2008).

Keywords: Mo-bearing wollastonite, cathodoluminescence, emission mechanism 
*Corresponding author: ryoukariya809@gmail.com
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*( ) ( ) (CROSS) ( ) 
Distribution of Mn and Fe in the axinite mineral group   

D. Kitahara(Tohoku Univ), K. Sugiyama(Tohoku Univ), H. Arima(CROSS), T. Mikouchi(Univ. of Tokyo)
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[1] Andreozzi et al., Am. Mineral., 89 (2004) 1763. [2] Peacock, Am. Mineral., 23 (1938) 522. 

Keywords: axinite, XAFS, AXS 

*Daitaro Kitahara:daitaro.kitahara.s2@dc.tohoku.ac.jp
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Sr SrGe2O5 
*

Crystal structure of new high-pressure strontium germanate SrGe2O5 
A. Nakatsuka* (Sci. Tech. Innov., Yamaguchi Univ.), K. Sugiyama (IMR, Tohoku Univ.), M. Ohkawa 

(Sci., Hiroshima Univ.), O. Ohtaka (Sci., Osaka Univ.), K. Fujiwara (Sci. Tech. Innov., Yamaguchi 
Univ.), A. Yoshiasa (Sci. Tech., Kumamoto Univ.) 

1. Introduction
Germanates have extensively been 

investigated for various industrial applications as 
represented in germanate glasses. Meanwhile, 
germanates have frequently been employed as 
model substances for the corresponding silicates 
because they exhibit similar phase 
transformations to silicates at lower pressures. 
Phase and structural studies of germinates have 
thus provided important insights into phase 
transformations of silicate minerals in the 
Earth’s interior. However, some germanate 
systems have not yet been fully examined. The 
system Sr-Ge-O is one of such examples, 
although it is a potentially good low-pressure 
analog of the system Ca-Si-O, one of the major 
components in the constituent minerals of 
Earth’s crust and mantle. To our knowledge, the 
four forms of SrGeO3, SrGe4O9, Sr2GeO4 and 
Sr3GeO5 have only been known in the system 
Sr-Ge-O. However, we recently discovered a 
new high-pressure strontium germanate SrGe2O5. 
We here report the crystal structure of this new 
phase and its structural features. 

2. Experiments and analysis
Single crystals of SrGe2O5 crystallized as a 

coexistent phase with SrGeO3 perovskite 
single-crystals, in the sample recovered in the 
high-pressure experiment of SrGeO3 
pseudowollastonite conducted at 6 GPa and 
1223 K. The chemical composition was 
determined by electron microprobe analysis. 

The single-crystal X-ray diffraction 
experiment was conducted at room temperature 
(296 K) using a Rigaku R-AXIS RAPID with a 
fine-focus sealed X-ray tube and an 
imaging-plate detector at an operating condition 
of 46 kV and 36 mA. Systematic absences of 
reflections indicated two possible orthorhombic 
space groups, i.e. C2cb and Cmca. Intensity 
statistics suggested a centric space group. The 
crystal structure was determined using a direct 
method and refined in the centric space group 
Cmca. No acceptable solution was found in the 
acentric space group C2cb. The final structure 
refinement converged smoothly to R[F2  
2 (F2)] = 0.023 and wR(F2) = 0.050. 

3. Results and discussion
The resulting crystallographic data are as 

follows: orthorhombic; space group Cmca; a = 
5.4653(6) Å, b = 9.7379(9) Å, c = 13.7710(12) 
Å and V = 732.90(13) Å3; Z = 8; Dx = 5.670 
g/cm3. The crystal structure consists of 
germanium-oxygen framework layers stacked 
along [001] with Sr atoms located at 12-fold 
coordinated cuboctahedral site; the layers are 
formed by the corner-linkages between GeO6 
octahedra and between GeO6 octahedra and 
GeO4 tetrahedra. This is isostructural with the 
high-pressure phases of SrSi2O5 and BaGe2O5. 
From comparison of the present SrGe2O5 
structure with the reported SrSi2O5 and BaGe2O5 
structures, the effect of cation size on the crystal 
structure will be discussed in terms of chemical 
bonding nature. 

Keywords: SrGe2O5, high-pressure strontium germanate, crystal structure, single-crystal X-ray diffraction analysis 
*Corresponding author: tuka@yamaguchi-u.ac.jp
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Structural change by Ca Sr substitution among 8-coordinated sites in 
synthetic Sr-Fe3+-gehlenite. 

Anzu Oguro*, Maki Hamada (Kanazawa Univ.), Masahide Akasaka (Shimane Univ.) 
[Sr2Fe3+

0.6Al1.4SiO7(SFG)]-[Ca2Fe3+
0.6Al1.4Si

O7(CFG)] 8

X
57Fe

MS SFG100 SFG75CFG25 SFG50

CFG50 SFG25CFG75 CFG100

5 1200-1250 17-30

Sr100 Sr75 Sr50 Sr25
Sr0  

Sr100 Sr75 Sr50 Sr25 Sr0

4
T1 T2

Fe3+(T1) : Fe3+(T2)
(%) 49 51 (Sr100) 46 54 

(Sr75) 42 58 (Sr50) 47 53 (Sr25) 40 60 
(Sr0) Fe3+ T1 T2

X
Rwp

Sr100 13.79 1.3135
Sr75 13.96 1.1799 Sr50 13.64 1.1929
Sr25 12.52 1.1934 Sr0 15.58 1.3175

Sr100 a = 7.839(4) c = 5.243(2) (Å)
Sr75 a = 7.847(2) c = 5.225(1) (Å) Sr50 a 
= 7.824(3) c = 5.187(2) (Å) Sr25 a = 7.790(3)
c = 5.143(2) (Å) Sr0 a = 7.762(3) c = 5.104(2) 
(Å)  

MS Fe3+ T1 T2

T2 T1 Fe3+

Al3+

MS
 T2-O

Fe3+

T2

SFG c a
c a

WO8

SFG 75 mol.
SFG

0 50 mol. T1O4

T2O4 SFG
75 mol. 4

SFG
75 100 mol.

SFG 75 
mol. W

8 8
T1O4

T2O4 5
SFG 8

5 SFG 75 mol.
5

SFG 75 mol.

5

Keywords: synthetic Sr-Fe-melilite, ionic substitution, structural change, Mössbauer spectroscopy 
*Corresponding author: mesyu.x2@gmail.com
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Synthesis of the perovskite solid solution in the CaTiO3-CeFeO3 system 

Takaya NAGAI*, Ryuma YAMAGUCHI, Jun KAWANO (Hokkaido Univ.) 

The perovskite structure is known as flexible for cationic substitution and the very wide range of 

elements can potentially substitute at cations of Ca2+ and Ti4+ in CaTiO3-perovskite. It is interesting that 

naturally-occurring CaTiO3-perovskites contain various trivalent rare earth elements (REE) ions, 

because the ionic radius of Ca2+ is roughly comparable to those of trivalent REE ions. However, since 

the charges of Ca2+ and trivalent REE ions are different, the substitution of Ca2+ and a trivalent REE ion 

should associate with coupled substitution of Ti4+ and a trivalent cation, for example. In the industrial 

field, since ceramic materials based on trivalent REE ions bearing CaTiO3-perovskites greatly attract 

interest for their unique microwave dielectric properties, there have been a lot of investigations about 

their structural features and/or physical properties. However, it should be noted that Ce3+ seems to be 

dismissed from the series of trivalent REE ions. This is possibly because Ce4+ is more stable than Ce3+ 

at atmospheric pressure. In this study, we synthesized the perovskite solid solution in the CaTiO3-CeFeO3 

system by using the oxidation-reduction reaction of 3Ce4+O2+Fe+Fe2O3  3Ce3+Fe3+O3. 

Starting materials were prepared by well-mixing of powders of CaO, anatase type TiO2, CeO2, Fe and 

Fe2O3. CaO was prepared by decarbonation of CaCO3 reagent powder at 900 ̊C for 12 hours, and the 

other powders were regent powders. Bulk compositions of starting materials were 10, 20, 40, 60, 70, 80 

and 100 (mol%) as the CeFeO3 component. Synthesis experiments were performed at 1 GPa and 1000 

̊C for 4 hours by using a piston-cylinder type high pressure apparatus. Starting powders were sealed in 

Au tube to undergo the oxidation-reduction reaction as mentioned above. After T-quenching, recovered 

samples were identified by powder XRD and SEM-EDS. 

  Although run products from the bulk composition of pure CeFeO3 are the orthorhombic CeFeO3 

perovskite with non-reacted CeO2 and Fe2O3, diffraction peaks in the other XRD patterns can be 

explained as a single phase of the orthorhombic perovskite structure. Chemical analysis by SEM-EDS 

shows the compositions of the run products are almost comparable to their bulk compositions of starting 

materials. The cell parameters smoothly increase with the CeFeO3 component and show no obvious 

discontinuity. Thus, the formation of the orthorhombic perovskite structured complete solid solution can 

be concluded in the CaTiO3-CeFeO3 system. 

Keywords: CaTiO3, CeFeO3, perovskite, solid solution 

*Corresponding author: nagai@sci.hokudai.ac.jp
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 ( ) 

Simultaneous Measurements of Vp, Vs and Vp/Vs for polycrystalline 
labradorite up to 800 C and 1GPa  

Satoko Honda* Masahiro Ishikawa (Yokohama National Univ.) 

Plagioclase is a major constituent mineral in the Earth's crust. We prepared the samples of 
polycrystalline labradorite and measured compressional wave velocities (Vp) and shear (Vs) wave 
velocities. Ultrasonic measurements on these samples were conducted up to 1.0 GPa in a temperature 
range of 25-800 C in a piston cylinder apparatus. 

( Kono et al 2008; 
Matsukage et al 2015)

(An61Ab37Or2 An65Ab34Or1)
CIP

(EPMA)
X (XRD)

(SEM)

Vp Vs 

25°C 800°C
1.0GPa  

25 Vp
Vs 0.40GPa

0.45GPa
Vp 0.2GPa

1GPa

(An65Ab34Or1) 650 800

(Matsukage et al 2015) 240

(An51) (Kono et al 2008)
700 800

(An50-70) -
(Carpenter et al.1986)

XRD

Keywords:  labradorite, sintering, elastic wave velocity 
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1 1 2 1

1 2 JAEA  
Evaluation of thermal decomposition of hydromagneiste, 

Mg5(CO3)4(OH)2 4H2O using PDF analysis 
Gen-ichiro Yamamoto1*, Atsushi Kyono1, Yasuhiro Yoneda2, Yoshinari Sano1

(1: Univ. of Tsukuba, 2: JAEA)

1.
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400
(atomic-pair 

distribution function, PDF)
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50  1
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Keyword: hydromagnesite, thermal decomposition, PDF analysis, nanoparticle 
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Measurements of electrical conductivity of carbonates
Shigeaki Ono* (JASTEC)

The high-pressure study of electrical conductivity of carbonates has been performed by the multi-anvil 
press experiments combined with the impedance analyzer. As a solubility of iron component in 
magnesite and dolomite affects the electrical conductivity, natural minerals including iron were used as 
the starting materials. The electrical conductivities of natural samples increased compared with those 
of iron-free synthetic samples.

References
[1] Mibe & Ono (2011) Physica B, 406, 2018-2020.
[2] Ono & Mibe (2013) Eur. J. Mineral., 25, 11-15.
[3] Ono & Mibe (2015) Phys. Chem. Minerals, 42,
773-779.

Keywords: Electrical conductivity, Carbonates, High pressure and high temperature
*Corresponding author: sono@jamstec.go.jp
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Keywords: Post-perovskite, Bridgmanite, Keane equation of state, Bulk sound velocity
Corresponding author: sakai@sci.ehime-u.ac.jp

Bulk sound velocity change at Bridgmanite/Post-perovskite phase 
transition

Takeshi Sakai (GRC, Ehime Univ.)*, Haruhiko Dekura (GRC, Ehime Univ.)
Bulk sound velocity and density changes at the pressure and temperature conditions of 

Bridgmanite/Post-perovskite phase transition are calculated using Keane equations of state of both 
phases. Density increase 1.2(2)% at the transition, but bulk sound velocity decrease across the 
transition about 1.2(4)% at 122.5 GPa and 2700 K. Anti-correlation between density and bulk sound 
velocity at the transition was confirmed based on the equations of state determined by high pressure 
experiments.
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GHz ultrasonic measurement in DAC

2011 GHz
GHz

m (DAC)

DAC
P S

GHz

1

2 DAC

KC
1.41GPa  

3 GH
1660ns

1690ns

4
30MH

P 4.6km/s
Brillouin Campbell 
&Heinz, 1994 4.3km/s
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Elastic wave velocity measurements of lunar basaltic rock:
Implications for low velocity anomaly at the base of lunar mantle

Tatsuya SAKAMAKI* (Tohoku Univ.), 
Yoshio KONO (Carnegie Institution for Science/Ehime Univ.), 

Yanbin WANG (Univ. Chicago)) 

1.

Keywords: Moon, lunar basalt, mantle overturn, low velocity anomaly, elastic wave velocity

*Corresponding author: sakamaki@tohoku.ac.jp
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ε-FeOOH  
    ( )  

 (JASRI)  ( ) 
Elastic wave velocity measurements of ε-FeOOH at high pressure 

Osamu IKEDA* (Tohoku Univ.), 

Tatsuya SAKAMAKI, Tomonori OHASHI, Masahisa GOTO (Tohoku Univ.), 

Yuji HIGO (JASRI), Akio SUZUKI (Tohoku Univ.) 

1.

1
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2016)
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Keywords: ε-FeOOH, elastic wave velocity, high pressure 
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*,  (J-PARC JAEA),  
, ,  (CROSS)

Investigation of DH isotope effect in guyanite  
using high-pressure neutron diffraction experiment 

Asami Sano-Furukawa*, Takanori Hattori (J-PARC center, JAEA), 

Ken-ichi Funakoshi, Jun Abe, Shinichi Machida (CROSS) 

1.

Guyanite(β-CrOOH)

ΔV = VCrOOD  VCrOOH > 0

[1]

4 GPa ΔV

 [2] ΔV

[3]

β-CrOOH β-CrOOD

β-CrOOD

2.

J-PARC MLF BL11 

(PLANET) β-CrOOH

β-CrOOD CrO2 H2O D2O

240

TiZr

β-CrOOD

3.

β-CrOOH

CrOOD

ΔV 0.378(5) Å3

β-CrOOD

6 GPa

β-CrOOH

ΔV

[1] Fujihara et al., (2002) J. Phys. 

Chem. Solids. [2] Sano-Furukawa et al., (2012) 

Phys. Chem. Minerals. [3] Horita et al., (2010) 

Phys. Chem. Minerals. 
Keywords: hydrous mineral, high pressure, neutron diffraction, isotope effect 
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*

P-V-T equation of state of synthetic guyanaite 
Chikara Shito *, Keitaro Okamoto , Yuki Sato , Ryuji Watanabe ,Tomonori Ohashi , 

Kazuhiro Fuchizaki , Takahiro Kuribayashi , Akio Suzuki  ( Tohoku univ., Ehime univ.) 

 The compression behavior of distorted rutile-type hydrous minerals has attracted much interest 

because of their high stability under high-pressure conditions. We performed an X-ray diffraction 

experiment of synthetic guyanaite (β-CrOOH) with distorted rutile-type structure up to 6 GPa at 300-

700 K. The data of P-V-T was fitted to a second-order Birch-Murnaghan EoS with following 

parameters: bulk modulus KT0 = 191±20 GPa, volumetric thermal expansion coefficient α = (3.3±1.5) 

×10-5 K-1. 

δ-AlOOH

δ-AlOOH

M³⁺OOH M³⁺O₆

O-H…O

M³⁺OOH

a/c, b/c

stiffening

(Sano-Furukawa et al., 2012; Kuribayashi et al., 

2014) δ-AlOOH

guyanaite (β-

CrOOH) P-V-

T

guyanaite stiffening

(Sano-Furukawa et al., 

2012)  

KEK PF-AR NE5C MAX80

guyanaite 5 GPa, 900 K

X

300-700 K

0-6 GPa 2

Birch-Murnaghan

KT0 = 191±20 GPa α = 

(3.3±1.5) ×10-5 K-1

a, b c

Sano-Furukawa et al. 

(2012)

Keywords: guyanaite, stiffening behavior, P-V-T EoS, X-ray diffraction 
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*(GRC, Ehime University) (GRC, Ehime University)  
(Tohoku University) (IMSS,KEK) 
Viscosity of coesite at high pressure 

Shunta Doi*, Yu Nishihara, Akio Suzuki, Takumi Kikegawa 

Flux of subducting continental crust is determined by strength of continental crust which is possibly 
controlled by that of coesite at the deep upper mantle condition. Pressure condition of previous study 
on coesite rheology (Renner et al., 2001) was limited to 4 GPa. Here, based on in situ uni-axial 
deformation experiments of coesite conducted using D-DIA and D111 apparatuses at the synchrotron 
beamline NE7A, PF-AR, KEK, we report rheological property of coesite at pressure of 2-9 GPa. 

90 km

Renner et al. (2001)

Griggs

4 GPa

PF-AR

NE7A D-DIA

D111

50 keV X

800-1200oC 2-9 GPa

10-6-10-4 s-1

3 GPa Renner et 

al.

Keywords: coesite, deformation, high pressure, in situ 
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* GRC  
GRC  

Nitrogen incorporation into the lower-mantle minerals 
by high-pressure and high-temperature experiments 

Ko Fukuyama*, Hiroyuki Kagi (Univ. Tokyo), Toru Inoue (Hiroshima Univ., Ehime Univ.)  

Sho Kakizawa, Toru Shinmei (Ehime Univ.), Naoto Takahata, Yuji Sano (Univ. Tokyo) 

We conducted high-temperature and high-pressure experiments in order to investigate the incorporation 

of nitrogen into the lower-mantle minerals and stishovite. Our results imply that periclase can play a role 

of major nitrogen host in the lower mantle and stishovite can be a major nitrogen carrier into the deeper 

mantle. 

8

1

(Marty, 2012) “missing” nitrogen

1

 (Li et al., 2013; Yoshioka et al., 2018)  

GRC

27 GPa, 1700 ̊C

15NH4
15NO3

NanoSIMS
15N16O-  

stishovite

periclase bridgmanite

periclase

SiO2

stishovite

Keywords: Stishovite, “Missing” nitrogen, High-pressure high-temperature experiments 
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Decomposition of magnesite in the presence of C-H-O fluid 
under upper mantle conditions 

Hideaki Kawamura*, Hiroaki Ohfuji (GRC, Ehime Univ.) 

We performed high pressure and temperature experiments using multi-anvil apparatus to investigate 
the stability of magnesite, MgCO3 in the presence of C-H-O fluid. Our experimental results showed that 
the decomposition of magnesite to periclase and diamond/graphite mixture was observed above 800  
at 10 GPa and above 800  at 17 GPa. This suggests that magnesite transported by subducting slabs 
decomposes to produce diamond under reducing environment at the lower part of the upper mantle, and 
therefore, carbonates are not likely to be the major carbon source that further subducts to the deeper 
mantle. 

MgCO3

Isshiki et al., 2004; Solopova 

et al., 2015 C-H-O

DAC

C-H-O

C-H-O

2000

10 17 GPa  600-1400

XRD SEM-EDS TEM-EDS

C-H-O
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MgO /

Mg(OH)2 10 GPa

 800

TEM

Mas[-110] // Per[110]

Keywords: Magnesite, C-H-O fluid, Diamond, Periclase, High pressure experiments 
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High-pressure phase transitions of oxide compounds with 
hexagonal perovskite-related structures 

1Masaki Akaogi*, 1Genki Konno, 1Hayato Todoroki, 1Tatsuya Sone, 1Hiroshi Kojitani 
(1Fac. Sci., Gakushuin Univ.) 
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Keywords: high-pressure, perovskite-related structure 
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Heat capacity measurement of MgSiO3 majorite 

Hiroshi Kojitani* (Gakushuin Univ.), Masamichi Noda (GRC, Ehime Univ.),  

Toru Inoue (Hiroshima Univ. and GRC, Ehime Univ.), Masaki Akaogi (Gakushuin Univ.) 
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Reference 
[1] Yusa et al. (1993) J. Geophys. Res., 98, 
6453‒6460. 

Keywords: majorite, heat capacity, entropy, DSC, thermal relaxation method 
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Characteristics and problems of quantitative chemical analysis in 
ATEM

Kiyoshi Fujino*, Hiroaki Ohfuji (GRC, Ehime Univ.)

Keywords: Analytical TEM, quantitative chemical analysis, k-factor
*Corresponding author: fujino@sci.ehime-u.ac.jp
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Metastable formation of a new Mg2SiO4 spinelloid in wadsleyite and ringwoodite 
Naotaka Tomioka*1, Takuo Okuchi2, Masaaki Miyahara3, Kiyoshi Fujino4, Tetsuo Irifune4, Riho Tani1,3,  

Yu Kodama5 
(1JAMSTEC, 2Okayama Univ., 3Hiroshima Univ., 4Ehime Univ., 5Marine Works Japan) 
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References [1] Madon & Poirier (1983) Phys. Earth 
Planet. Inter., 33, 31–44. [2] Tomioka & Okuchi (2017) 
Sci. Rep., 7, 17351. [3] Irifune & Fujino (1992) in 
High-Pressure Research: Application to Earth and 

Planetary Sciences, 237–243.

Keywords: olivine, spinelloid, high-pressure phase transitions, shear mechanism, TEM 
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JASRI  

Silicate melt viscosity at conditions of deep magma ocean

Magma Ocean in the early Earth 
constrained the evolution of the Earth to 
the present from its crystallization.  The 
viscosity of the silicate melts under the 
corresponding pressures is one of the 
main physical parameters to control the 
magma ocean recrystallization processes. 
Here we report the in-situ viscosity 
measurement of molten forsterite (Fo), 
enstatite (En), and diopside (Di) 
compositions up to ~30 GPa and ~3200 
K by devising boron-doped diamond 
heater and ultra-fast cameral (1000 f/s) in 
the Kawai multi-anvil apparatus with 
synchrotron X ray facilities; the present 
achievement has much extended the 
previous experimental range up to ~13 
GPa. We find that the viscosities of 
silicate melt have complex pressure 
dependence up to ~30 GPa. The present 
results show very low viscosities of 0.01-
0.1 Pa.s down to the bottom of the 
Magma Ocean (~900 km depth), which 
implicates a fractional crystallization of 
magma ocean. (2) Compared with
geochemical data, our fractionation 
model suggest that the primary upper 

mantle may be the result of fractionation 
of Mg-bridgmanite (96 wt%) and Ca-
bridgmanite (4 wt%) up to ~13wt% in a 
magma ocean with ~900 km depth.
(This part is unclear. Please rewrite more 
logically with using more words, may be 
double. I am not sure “Ca-bridgmanite” 
is suitable or not. Traditionally, CaSiO3 
perovskite )  (3)The viscosity increase 
at a depth of 800-1200 km and a decrease 
at 110-1400 km of present Earth, may be 
a residual feature of the fractionated 
accumulate layer. (This parts also need 
more words. Note that this viscosity is 
not melt viscosity. Description order may 
be (1)-(3).)  (1) We evaluated the life 
time of the Magma Ocean incorporating 
the blanket effect of SiO2 vapor covering 
the Magma Ocean; the conclusion is ~1-
6 thousand years 
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An in situ Raman study on katoite Ca3Al2(O4H4)3 at high pressure 
Atsushi Kyono* and Masato Kato 

Division of Earth Evolution Sciences, Graduate School of Life and Environmental Sciences, 
University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki 305-8572, Japan 

There is a great interest in understanding interactions among H2O, H+, OH-, and Earth’s materials. 

Katoite is known as a typical model for the hydrogarnet substitution (Si4+ ↔ 4H+) in garnets and other 

silicates, and hence garnets can be considered as one of the most important hydrogen reservoirs in the 

Earth’s mantle due to their abundance and stability. Katoite undergoes a phase transition at about 5 GPa 

from space group Ia d to its I d non-centrosymmetric subgroup. The recent ab-intio investigation 

however showed that the structures of katoite crystallizing in the space groups Ia d and I d are highly 

unstable at pressures between about 5 GPa and 15 GPa. Therefore, there is still an argument about the 

high-pressure phase of katoite. Here, we report in situ high-pressure Raman spectroscopic study of 

hydrogrossular, katoite Ca3Al2(O4H4)3, in a diamond-anvil cell under hydrostatic conditions from 1.3 to 

8.3 GPa at room temperature. Three Raman bands at 332, 537 and 3652 cm-1 were observed continuously 

up to 8.3 GPa. The Raman band at 3650 cm-1 was assigned to the O-H stretching vibrations of A1g + Eg 

and F2g symmetries. The pressure dependences of the two O-H stretching vibration modes showed 

negative pressure shifts, indicating that hydrogen bond became shorter and stronger with compression. 

The most striking characteristic was that above 5.1 GPa the pressure derivative of the O-H stretching 

vibration of F2g symmetry started to decrease significantly. This change suggests that the symmetry of 

the H4O4 tetrahedron changes at 5.1 GPa. The result leads to a proof that the phase transition of katoite 

to the high-pressure phase occurs at around 5 GPa. The pressure dependences of the two O-H stretching 

vibration modes in katoite are –7.2 and –1.1 cm–1/GPa, respectively, which yields negative Grüneisen 

parameters. In the wavenumber region of lattice mode, the lower frequency peak observed at 340 cm–1 

was assigned to the librational R(O4H4) vibration mode of A1g symmetry, whose frequency increased 

continuously up to 5.1 GPa with pressure derivatives of 6.5 cm–1/GPa. Whereas the higher frequency 

peak at 545 cm–1 was assigned to the T(OH) motion of A1g + Eg and F2g symmetries, whose frequencies 

increased with pressure derivatives of 4.4 and 4.9 cm–1/GPa, respectively. These pressure coefficients 

lead to the isothermal mode Grüneisen parameters varying from 0.53 to 0.11, respectively. Values of the 

full width at half maximum (FWHM) of all observed Raman bands were continuously increased with 

pressure, but their increasing rates became higher above 5.1 GPa. The result is also indicative that katoite 

transforms to the high-pressure phase at around 5 GPa. 

Keywords: hydrogrossular, Raman spectroscopy, high pressure, phase transition 

*Corresponding author: kyono@geol.tsukuba.ac.jp
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*( GRC), ( , HiPeR, GRC),  
( ), , (J-PARC JAEA)

High pressure neutron diffraction of Al-bearing hydrous bridgmanite 
Sho Kakizawa* (GRC, Ehime Univ.), Toru Inoue (Hiroshima Univ., HiPeR, GRC, Ehime Univ.), 

Takahiro Kuribayashi (Tohoku Univ.), Takanori Hattori, Asami Sano-Furukawa (J-PARC center, JAEA) 

1.  

bridgmanite Si4+  

Al3+ + H+

(Inoue et al., in prep) Al

bridgmanite X

(Kuribayashi et al., 

in prep ; Inoue et al., in prep)

Al

bridgmanite

 

2.
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Al bridgmanite 

(MgSi0.92Al0.08D0.08O3: 0.8 wt% D2O)
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3.
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Mg (Sugahara et al., 2006)
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Keywords: bridgmanite, neutron diffraction, hydrogen position, high pressure 
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1,2 3 4 5 2 2  
1 2 2 

1 2KEK 3 4( ) 5  
High-pressure behaviors of the yttria-doped tetragonal zirconia 

under static and dynamic compression 
Sota Takagi1,2*, Kouhei Ichiyanagi3, Koji Inukai4, Nobuaki Kawai5, Shunsuke Nozawa2, Ryo Fukaya2, 

Atsushi Kyono1, Nobumasa Funamori2, Shin-ichi Adachi2 
(1Univ. Tsukuba, 2KEK, 3Jichi Medical Univ., 4Noritake co. limited, 5Kumamoto Univ.)

We report static and dynamic high-pressure in-situ X-ray diffraction study of 3 mol% Y2O3-doped 
tetragonal zirconia polycrystals (3Y-TZP). Diamond anvil cell and laser-induced shock were used as 
the high-pressure sources in static and dynamic high-pressure experiment, respectively. Result from the 
static high-pressure experiment under ambient temperature shows that 3Y-TZP transformed to 
orthorhombic-I phase at 10 GPa, then orthorhombic-II phase at 16 GPa. Under shock condition, 
obvious transformation didn’t occur, while XRD peak from monoclinic phase slightly appeared.  

ZrO2

Baddeleyite

ZrO2

Garvie et al. 1975

ZrO2 Y2O3

-

Mcmeeking et al., 
1982
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XRD

XRD
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X
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1 41
XRD  

9.3 GPa
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10 -I 111
21

1
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Keywords: 3 mol% yttria-doped tetragonal zirconia (3Y-TZP), high-pressure, shock, in-situ XRD 
*corresponding author: stakagi@geol.tsukuba.ac.jp
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JAMSTEC, JAMSTEC,

Visualization of pH/Ca ion concentration distribution around 
dissolving CaCO3 in aqueous solution 

Jun Kawano(Hokkaido Univ.)*, Takashi Toyofuku(JAMSTEC,TUMSAT), Yukiko Nagai 
(JAMSTEC,NMNS), Shoichi Toh(Fukuoka Univ.), Jun-ya Tanaka, Takaya Nagai(Hokkaido Univ.) 

pH

pH

pH

pH

Ca2+

pH

Ca2+ pH Ca2+

Fura-FF

pH
NaCl

0.1
30

2

Ca  

Fura-FF
340 nm

Ca2+

pH
6 9

Ca2+

pH

Ca2+

Keywords: dissolution, fluorescent probe, imaging, calcium carbonate 
*Corresponding author: j-kawano@sci.hokudai.ac.jp
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Adsorption structure of stearic acid on a calcite surface and 
effect of solvent

H. Sakuma (NIMS), J. Kawano (Hokkaido Univ.), J. Tanaka (Hokkaido Univ.)

Sakuma 

et al., 2013, JPCC

{10.4}

CH3(CH2)16COOH

5×10 3 mol/L

30

0.5 0.5 m NaCl

0.125 m MgSO4

X

25 Å

1

50~75 Å

2~3

1 AFM

NaCl

MgSO4

Keywords: Adsorption, Monolayer, Hydrophilicity
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JAMSTEC MWJ
JAMSTEC

Microstructural observations on skeletons of cultured reef corals 
Satoko Motai *, Naotaka Tomioka(JAMSTEC), Yu Kodama (MWJ), Jun Kawano (Hokkaido Univ.), Saki 

Harii (Ryukyu Univ.), Takaya Nagai, Tsuyoshi Watanabe (Hokkaido Univ.), Motoo Ito (JAMSTEC) 

[1]

(1) 
Mg/Ca Mg/Ca = 5

Mg/Ca= 1)
(2) 

[2]
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1

X
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FIB TEM

1 μm Fig. 1A

Center of 
Calcification COC Fiber

[3]
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COC Fiber

Fig. 1B

Figure 1 
A: B:

[ ]
[1] Janiszewska, K., Mazur, M., Escrig, S., et al., 2017 
Geology 45:319–322 
[2] , , ,  2017

2017

[3] Ogilvie, M.M., 1896 Proc. R. Soc. Lond. Philos. 
Trans. 187B:83 345

Keywords: reef-building coral, biomineralization *Corresponding author: smotai@jamstec.go.jp
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Effect of cluster formation of dissolved Si on diffusion rate 
Tadashi Yokoyama* (Hiroshima Univ.), Hiroshi Sakuma (NIMS) 

D0

Si K+ Cl− 25°C pH

D0

D0,Si = 1.17 × 10−5 cm2/s Rebreanu et al., 
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Keywords: Diffusion, Dissolved silicon, Pore water 
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Microscopic analyses of minerals adsorbing rare earth elements
in ion adsorption type ore

Hiroki Mukai*, Yoshiaki Kon, Kenzo Sanematsu (AIST), 

Ion adsorption type ores existing mainly in southern part of China are important as a supply source of 
rare earth elements (REE) which are essential for cutting edge industries. However, it is unclear what 
kind of minerals adsorb REE in the ores because the concentrations of REE are relatively low 
(<2000ppm), and direct observations or analyses for monophase minerals have been rarely conducted. 
In the present study, we have attempted to clarify the minerals adsorbing REE using various 
experimental apparatus such as SEM, TEM, and LA-ICP-MS.

<2000 ppm

Dingnan 

County, Jiangxi Province

SEM

LA-ICP-MS

TEM

Keywords: Ion adsorption type ore, Rare earth elements, LA-ICP-MS, FIB-TEM
*Corresponding author: h-mukai@aist.go.jp
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Keywords: Mineral, Radiocaesium, River basin
*Corresponding author: hagiwara.hiroki@jaea.go.jp

What is the transport media of radiocaesium within river basin?
Hiroki Hagiwara (Japan Atomic Energy Agency, Niigata University),

Hiromi Konishi (Niigata University), Takahiro Nakanishi, Kenso Fujiwara, Kazuki Iijima

(Japan Atomic Energy Agency)
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Speciation of Uranium Released to the Environment with Cesium-Rich 
Microparticles from the Fukushima Daiichi Nuclear Power Plant 

Satoshi Utsunomiya* 

Department of Chemistry, Kyushu University 

Trace U was released from the Fukushima Daiichi Nuclear Power Plant (FDNPP) during the 

meltdowns. The speciation of U records the meltdown processes and property of debris, and also 

determines the environmental impacts. This study summarizes various types of U derived from 

the FDNPP focusing on the speciation to provide the updated knowledge on the behaviour of 

nuclear fuels during the meltdowns at the FDNPP.  

At least three types of U occurrence have been identified at the present; (i) trace amounts of U 

associated with Fe–Zn-oxide nanoparticles embedded in SiO2 matrix within CsMP; (ii) uraninite 

nanocrystals without detectable impurities, which were embedded within the Fe-oxide; and (iii) 

eutectic U–Zr-oxide nanoparticles. All types of U were found along with cesium-rich 

microparticles. 

The type (i) particles may be formed by volatilization of the partially oxidized fuels with low 

burnups and the volatilized U adsorbed onto Fe–Zn-oxide nanoparticles based on the 235U/238U 

isotope ratio greater than the average ratio calculated from the burnup. 

Uraninite nanoparticles of type (ii) exhibited euhedral octahedral shape and revealed epitaxial 

growth of the encapsulating magnetite. The solidification of uraninite nanocrystals would first 

proceed within the Fe oxides melts as its cools, followed by the epitaxial growth of magnetite 

over uraninite nanocrystals. 

The U–Zr-oxide nanoparticles of type (iii) likely formed from a U–Zr-oxide melt, which would 

have resulted from the interaction of molten fuel and ZrO2 that had previously been produced 

through the reaction of zircalloy and steam at high temperature > ~1500 K. The cubic structure 

indicates rapid cooling of the liquid U–Zr-oxides droplets. 
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Mg/CO3

*  

Henry Teng  
Formation and transformation of amorphous magnesium carbonate 

in aqueous solution with various Mg/CO3 ratios 
Jun-ya Tanaka*, Jun Kawano, Takaya Nagai (Hokkaido Univ.),  

and Henry Teng (The George Washington Univ.) 

Amorphous magnesium carbonate (AMC) should play an important role in formation of magnesium 
carbonates. AMC formed from aqueous solution and transformed into nesquehonite (MgCO3·3H2O) 
with pH increasing via a solvent-mediated process. Its approximate chemical formula was MgCO3· 
2H2O.  Sequentially, nesquehonite transformed into dypingite (Mg5(CO3)4(OH)2·5H2O). Hydration 
/dehydration of ions may affect these formation process.

/

MgO-CO2-H2O

/

(Amorphous 
Magnesium Carbonate; AMC)
(Radha et al., 2012)

AMC

 

Na2CO3 MgCl2
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nesquehonite (MgCO3·3H2O)
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Keywords: amorphous, magnesium carbonate 
*Corresponding author: j-tanaka@sci.hokudai.ac.jp
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Quantification and mapping of Fe valence inside partly vermiculitized 
biotite grain

Ryosuke Kikuchi*1 Koji Ichimura1 Yoshio Takahashi1 Yoichi Sakai2 Toshihiro Kogure1

(1. Univ. Tokyo, 2. Daido Univ.)

K+

FE-EPMA μ-
XAFS

FE-EPMA X

mm Ca
K 2

Spatial distribution in chemical compositions and Fe valence states within partly vermiculitized
biotite grain were examined through micro-analytical techniques of FE-EPMA and μ-XAFS.
Different packets of vermiculite-enriched and biotite-dominant were found to be interstratified at
each interval of ~ several μm, there was no difference in Fe-K XANES spectra obtained from
those respective packets. These results suggest that vermiculitization is not necessarily associated
with layer charge reduction caused by octahedral Fe oxidation in weathered biotite.

Keywords: biotite, vermiculite, weathering, EPMA, XAFS
*Corresponding author: rkikuchi@eps.s.u-tokyo.ac.jp
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Chloroflexus aurantiacus

Chloroflexus aurantiacus

C. aurantiacus

C. aurantiacus

Nature.

Geochem. Persp. Let
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Cupriavidus Metallidurans

Cupriavidus Metallidurans 

 ( ) 
Cupriavidus metallidurans 

Mone Fukiya* and Hiromi Konishi (Department of Geology, Niigata University) 

Cupriavidus metallidurans 
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2
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 4
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XANES   
 *   

  

Iron valences of plagioclase in lunar samples by synchrotron XANES  
Nina Yokoi* (Univ. of Tokyo), Takashi Mikouchi (Univ. of Tokyo), Atsushi Takenouchi 

(Univ. of Tokyo), Tomoko Arai (Chiba Inst. Tech.) 
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[3] HT KREEP
LT VLT

HT KREEP
3

FAN MAN
[3,6]

FAN MAN
3

[1] Saal et al. (2008) Nature, 454, 
192-195. [2] Greenwood et al. (2011) Nature Ge-
osci., 4, 79-82. [3] Anand et al. (2014) Phil. Trans. 
R. Soc. A372:20130254. [4] Satake et al. (2014) 
Geochem. Jour., 48, 85-98. [5] Takenouchi et al. 
(2017) MAPS, 52, 2491-2504. [6] Hui et al. 
(2013) Nature Geosci., 6, 177-180.

Keywords: Moon, Lunar water, Plagioclase, Redox state, Fe-XANES 
*Corresponding author: nina@eps.s.u-tokyo.ac.jp
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Mineralogical study of micro-inclusions in olivine in pallasite meteorite 
Yoshie Takayama*, Hiroaki Ohfuji (GRC, Ehime Univ.) 

We investigated micro-inclusions in olivine in a pallasite meteorite, Seymchan using 
SEM-EDS and TEM. The micro-inclusions have droplet-like shapes and are linearly arranged in the 
host-olivine. They consist mainly of troilite (FeS) and Fe-Ni alloy, with phosphate minerals and 
tridymite as minor phases. They are likely formed through the injection of a partial melt from the 
matrix along cracks followed by subsequent thermal healing, since the mineral assemblages in the 
inclusions are comparable to those observed in the matrix. The presence of tridymite implies the 
formation of the micro-inclusions at a relatively low-pressure and high-temperature condition.  
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TEM
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10 # Fo = 

88.74(33)
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Keywords: Pallasite, Seymchan, Micro-inclusion, SEM-EDS, TEM 
*Corresponding author: takayama@sci.ehime-u.ac.jp
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 Yamato-75011  

 *   
 

Variety of silica minerals in the Yamato-75011 eucrite 

Haruka Ono*(Univ. of Tokyo), Atsushi Takenouchi (Univ. of Tokyo), Takashi Mikouchi 
(Univ. of Tokyo), Akira Yamaguchi (NIPR) 
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[1] Takeda H. & Graham A. (1991) 
Meteorit. 26, 129-134. [2] Ono H. et al. (2017) 
48th LPSC, #1854. [3] Ono H. et al. (2016) Ab-
stract #3844. 26th Goldschmidt Conf. [4] Takeda 
H. et al. (1983) Mem. Natl Inst. Polar Res., Spec. 
Issue 30:181-205. [5] Ono H. et al. (2016) 79th 
MetSoc. Abstract #6336. [6] Ono H. et al. (2016) 
7th NiPR Symp. Polar Sci. [7] Wiechert U. H. 
(2004) EPSL 221, 373–382. 

Keywords: Eucrite, Silica minerals, Yamato-75011, Tridymite, Vesta 
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Northwest Africa 7203  
*  

Martin Bizzarro  

Shock metamorphism of the Northwest Africa 7203 angrite 
Hideyuki Hayashi* (Univ. of Tokyo), Atsushi Takenouchi (Univ. of Tokyo), Takashi Mikouchi 

(Univ. of Tokyo), Martin Bizzarro (Univ. of Copenhagen) 

  Abstract: Almost all of angrites lack shock metamorphism, but recently we have found that the NWA 
7203 angrite shows remarkable textures of shock metamorphism (up to 20 GPa shock pressure), 
suggesting that some angrite parent bodies remained as big asteroids during late heavy bombardment. 

―
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Keywords: NWA 7203, Angrite, Shock metamorphism, Shock vein, Parent body 
*Corresponding author: h.hayashi@eps.s.u-tokyo.ac.jp
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Olivine fabric of lodranite NWA 2235 
M. Yasutake* (Grad. Sci., Kyoto Univ.), A. Yamaguchi (SOKENDAI, NIPR) 
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[1] Keil and McCoy (2017) Chem. 

Erde, In presss. [2] Yasutake and Yamaguchi 
(2017) Polar Sci., 14, 49-59. [3] Yamaguchi et al. 
(2006) abstract, 69th Annual Meeting Met. Soc. 
[4] Hidaka et al. (2012) abstract, 73rd LPSC. [5] 
Benn and Allard (1989) J. Petrol., 30, 925-946. [6] 
Holtzman et al. (2003) Science, 301, 1227-1230. 

Keyword: Primitive achondrite, Lodranite, Olivine fabric, Cumulate rock 
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Brachiniteの鉱物学的研究と Cr安定同位体組成 
長谷川 輝（東大・院理）・三河内 岳（東大・総研博）・Martin Schiller・

Martin Bizzarro（コペンハーゲン大） 

Mineralogical Study and ε54Cr of Brachinite Clan Meteorites 
Hikari HASEGAWA*, Takashi MIKOUCHI (Univ. of Tokyo), Martin SCHILLER 

and Martin BIZZARRO (Univ. of Copenhagen) 

 Brachiniteと呼ばれるカンラン岩隕石グル
ープは始原的エコンドライトの1グループで
あると考えられている[1]．そして，結晶化
年代が4563.7 ± 0.9 Ma (Brachina, Mn-Cr年代系，
[2])と非常に古いことから太陽系惑星進化過
程の最初期の情報を記録していることが期
待される．しかし，その形成環境について
の統一的理解が得られていない．これまで
は主に部分溶融残渣 [e.g., 3]，火成集積岩 
[e.g., 4] などの起源が議論されているが，近
年のBrachinite に類似した “Brachinite-like" と
呼ばれる隕石の発見により，それらを包括
的に“Brachinite Clan”として形成環境を推定
していくことが求められている[5]．これま
で我々はこの“Brachinite Clan”隕石に対して
岩石鉱物学的視点から研究を行なってきた
が，本研究ではそれに加えて試料の形成場
の情報を得るためのCr同位体組成分析を過
去 に 研 究 報 告 の な い 3 つ の Brachinite: 
Northwest Africa (NWA) 4969, 6308, 10932に対
して行なった． 
 NWA 4969, 6308, 10932の岩片試料から１
枚ずつ薄片を作成し，光学顕微鏡・EPMA
（JXA-8530F@東大）による観察・分析を行
なった．また，バルク岩片を粉砕・酸処理
した後， Cr分離したものをMC-ICPMS
（ThermoFisher Neptune Plus＠コペンハーゲ
ン大）によってCr同位体組成分析を行った． 
  NWA 4969, 6308, 10932は主にカンラン石
から構成されており，その他の構成鉱物と
しては，単斜輝石と直方輝石，クロム鉄鉱，
Fe-Ni合金，硫化鉄，燐灰石が観察された．
カンラン石，クロム鉄鉱，単斜輝石，直方
輝石などの粗粒な粒子の粒間に沿うように

直方輝石が存在し，非常に細粒なFe-Ni合金
と硫化鉄と共存していた．これらの岩石組
織や鉱物組成はいずれもBrachinite Clan隕石
に共通に見られるものである[5]． 
全岩Cr同位体組成分析の結果は，NWA 

4969, 6308, 10932に対してそれぞれ，ε54Cr = -
0.611 ± 0.056, -0.792 ± 0.083, -0.375 ± 0.085で
あった．現在，隕石の全岩ε 54Cr値は、炭素
質コンドライトと非炭素質コンドライトの
大きく2グループに分けられることが知られ
ている[6]．NWA 4969, 6308, 10932から得ら
れた値から，これらの隕石はいずれも非炭
素質コンドライトグループであることが明
らかになった．しかし，NWA 10932の54Cr値
は他のBrachinite Clan隕石とはやや異なり，
Brachinite Clan隕石で唯一の珪長質岩である
Graves Nunataks 06128/9とよく一致している．
これまでBrachinite Clanには二種類のカンラ
ン石結晶方位配向性が確認されているが[7]，
本発表では，上記の結果と合わせてEBSDを
使ったNWA 4969, 6308, 10932のカンラン石
結晶方位配列の解析結果も合わせて
Brachinite Clan隕石の形成過程について考察
していく予定である． 

引用文献： [1] Mittlefehldt et al. (1998) Rev. in 
Mineralogy, 36, pp. 4-1 to 4-195. [2] Dunlap et al. 
(2016) LPSC XLVII, Abstract #3055. [3] 
Goodrich et al. (1998) MAPS, 33, A40. [4] 
Mittlefehldt et al. (2003) MAPS, 38, 1601-1625. 
[5] Goodrich et al. (2017) MAPS, 52, 949-978. [6] 
Warren et al. (2011) EPSL 311, 93-100.  [7] 
Hasegawa et al. (2016) LPSC XLVII Abstract# 
2131.

Keywords: Primitive Achondrite, Brachinite, Cr isotope, Olivine, Petrofabric  
*Corresponding author: hasegawah@eps.s.u-tokyo.ac.jp
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Almahata Sitta MS-MU-011 MS-MU-012

 *   
 NASA  

Mineralogy of Almahata Sitta ureilites (MS-MU-011 and MS-MU-012)  
Takashi Mikouchi* (Univ. of Tokyo), Atsushi Takenouchi (Univ. of Tokyo), Kotaro Higashi 

(Univ. of Tokyo), Michael Zolensky (NASA-JSC) 

2008TC3
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Fe3+/ Fe

>IW
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[1] Zolensky et al. (2010) MAPS 

45, 1618-1637. [2] Bischoff et al. (2014) PNAS 
111, 12689-12692. [3] Goodrich et al. (2016) 
79th MetSoc, #6105. [3] Takeda et al. (1989) 
Meteorit. 24, 83-91. [4] Miyamoto et al. (1985) 
Proc. 16th LPSC, JGR 90, Suppl., D116-D112.

Keywords: Almahata Sitta meteorite, Ureilite, Parent body, Redox states, Cooling rate 
*Corresponding: mikouchi@um.u-tokyo.ac.jp
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 *   
 HPSTAR  

 

Shock metamorphic textures induced by pre-heated shock recovery 
experiments using olivine-phyric basalt 

Atsushi Takenouchi*, T. Mikouchi (Univ. of Tokyo), T. Kobayashi (NIMS), T. Sekine (Osaka Univ., 
HPSTAR), A. Yamaguchi (NIPR, SOKENDAI) and H. Ono (Univ. of Tokyo) 

[e.g., 1]

reverberation
single 

compression
[e.g., 2]

[1]
Fo69-72 An45-69Or-

2

[e.g. 3]
/ 22.2 GPa/800
Shot-1 39 GPa/750 Shot-2

SEM: JEOL JSM-7100F
JASCO NRS-1000

Shot-1

[4]

670 cm-1

Si-O-Si 
[5]

[6]

e.g., SiO4 dimer

Si-O-Si

[1] Takenouchi et al. (2017) JPGU PPS 10-14. [2] 
Tomeoka et al. (1999) GCA 63:3683-3703. [3] Sekine (1989) 
J. Mat. Sci. Let. 8:872-874. [4] Kubo et al. (2009) Nature 
Geosci. 3:41-45. [5] Ohashi & Sekita (1982) J. Japan Assoc. 
Min. Petr. Econ. Geol. 77:455-459. [6] Takenouchi et al. 
(2018) MAPS (in press).

Keywords: Olivine, Shock metamorphism, Shock recovery experiments, Raman analysis 
*Corresponding author: takenouchia24@gmail.com
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Keywords: ordinary chondrite, high-pressure polymorph, systematic investigation 
Corresponding author:  miyahara@hiroshima-u.ac.jp 

 

The systematic investigation of high-pressure polymorphs in ordinary 
chondrites 

Masaaki Miyahara (Hiroshima Univ.)*, Akira Yamaguchi (NIPR), Kanta Fukimoto, Masato Saitoh 

(Hiroshima Univ.), Hiroaki Ohfuji, Takeshi Sakai (GRC), Eiji Ohtani (Tohoku Univ.) 
High-pressure polymorphs formed in H-, L- and LL-type ordinary chondrites (OCs) were 

systematically investigated with FE-SEM and Raman spectroscopy. Many high-pressure polymorphs 
occur in the shock melting texture of both L- and LL-type OCs, whereas few in H-type OCs. Although 
many kinds of high-pressure polymorphs occur in petrologic type 6, only Na-pyroxene occur as the 
replacement of plagioclase or chondritic glass in petrologic type 3–5. The abundance and species of
high-pressure polymorphs are closely related with the species of OCs and petrologic types. 
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*  

Bulk X-ray random diffraction patterns using the polished thin sections 
of ordinary chondrites: the thermal and shock metamorphism 

Naoya Imae* (NIPR, SOKENDAI), Makoto Kimura (NIPR), 

Akira Yamaguchi (NIPR, SOKENDAI), Hideyasu Kojima (NIPR) 

Bulk random X-ray diffraction patterns for ordinary chondrites were obtained using in-plane rotation 

of polished thin section, and the four patterns were clearly recognized: (1) equilibrated with weak 

shock, (2) unequilibrated with weak shock, (3) equilibrated with strong shock, and (4) shock melted. 
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 (

3-6)  (S1-6) 
8

X  
 60  (H 

23, L 21, LL 16) CuKα
Imae and Nakamuta (2018)
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4
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130 2θ = 32.16º H
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Opx 511
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3 4 S6 (Tenham NWA 
4719) Opx 3
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Opx
Cpx Tenham
NWA 4719 Cpx

Imae N. and Nakamuta Y. (2018) 
Meteoritics & Planetary Science 53: 232. 

Keywords: ordinary chondrites, olivine, clinopyroxene, orthopyroxene, X-ray diffraction 

*Corresponding author: imae@nipr.ac.jp
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JASRI/SPring-8  
Peteographical descriptions for 7 CP-IDPs by XCT. 

Junya Matsuno*, Akira Tsuchiyama, Akira Miyake (Kyoto Univ.), 
Kentaro Uesugi, Akihisa Takeuchi (JASRI/ SPring-8), Tsukasa Nakano (GSJ/AIST) 
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:  

[1] Tsuchiyama A., et al. (2006) LPSC (abstr.) 
[2] Tsuchiyama A., et al. (2013) GCA, 116, 5 
[3] Nakamura T., et al. (2008) Science, 321, 1664 
[4] Noguchi T., et al. (2017) GCA, 208, 119  

Keywords: cosmic dust, 3D observation, XCT 
*Corresponding author: jmatsuno@kueps.kyoto-u.ac.jp
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`

T

under review.

in press
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*( ) ( ) ( ) ( )

( JAXA)

Oxygen isotopic exchange between Ca-, Al-rich inclusion (CAI) melt 

and water vapor in the protosolar disk  
Daiki Yamamoto* (Hokkaido Univ.), Michiru Kamibayashi (Hokkaido Univ.), Noriyuki Kawasaki 

(Hokkaido Univ.), Shogo Tachibana (Univ. of Tokyo), Hisayoshi Yurimoto (Hokkaido Univ., JAXA) 
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CAI 16O
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Keywords: CAI melt, Water vapor, Oxygen isotopic 

exchange, Protosolar disk 

*daiki@ep.sci.hokudai.ac.jp
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Formation process of an unusual refractory inclusion  
M. Kimura* (NIPR), M. Komatsu (SOKENDAI), A. Yamaguchi (NIPR, SOKENDAI), 

N. Imae (NIPR, SOKENDAI) 

We studied an unusual AOA in Yamato-793261 (CR), including ultrarefractory minerals and quartz 
after Komatsu et al. (2018). It abundantly contains enstatite, and some enstatites occur between 
forsterite and quartz, suggesting the reaction between them.  

Keywords: amoeboid olivine inclusion, silica mineral, ultrarefractory mineral, enstatite 
*Corresponding author: kimura.makoto@nipr.ac.jp
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*  ( )  ( ) 

GCA
MAPS 

GCA
GCA
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CO2-H2O nano-fluid inclusions found in calcite grains of the Sutter’s 
Mill meteorite (CM carbonaceous chondrite). 

A. Tsuchiyama*, A. Miyake (Kyoto Univ., Sci.) and J. Kawano (Hokkaido Univ., Sci.)  

(FIB) X CT

CM,CI

[1]

IOM [2]
CM

Sutter’s Mill (CM)
400 nm FIB

TEM
<~100 nm

H2O

H2O

 [1] Tsuchiyama et al. (2014) MAPS, 49: A404. [2] 
(2017) R5-10. [3] 

Plummer and Busenburg (1982) GCA, 46: 1011. [4] 
Longhi, (2005) GCA, 69: 529. [5] Bakker and 
Jansen (1991) GCA, 55: 2215. [6] Yamamoto et al. 
(1983) A&A, 122: 171. [7] Bockelée-Morvan and Biver 
(2017) Phil. Trans. R. Soc. A375: 20160252.  [8] Oba 
et al., ApJ, 722: 1598. [9] Chan et al. (2017) GCA, 69: 
529. [10] Fujiya et al. (2018) JpGU, PPS06-05. [11] 
Warren (2011) EPSL, 31: 93.

Key words: carbonaceous chondrite, TEM, cryogenic holder, CO2-H2O fluid, CO2 ice 
*Corresponding author: atsuchi@kueps.kyoto-u.ac.jp
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Kaidun   
 *   ELSI

Michael E. Zolensky NASA/JSC  

Aqueous alteration of enstatite chondrite clasts in Kaidun meteorite 
Kotaro Higashi* (Univ. of Tokyo), Takashi Mikouchi (Univ. of Tokyo), Yasuhito Sekine (Tokyo Inst. 

Tech.), Michael E. Zolensky (NASA) 
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[1] Zolensky & Ivanov, Chem. Erde 
63:185-280, 2003. [2] Weisberg & Kimura, Chem. Erde 
72:101-115, 2012. [3] Keil, Meteorit. 24:195-208, 1989. 

Keywords: Kaidun, Enstatite chondrite, Aqueous alteration, Polymict breccia 
*Corresponding: k.higashi@eps.s.u-tokyo.ac.jp
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Michael E. Zolensky NASA/JSC
Estimation of the environment to form hydrothermal veins  

of dark inclusion in the NWA2900 CK chondrite 
Miki Takahashi* (Tohoku Univ.), Tomoki Nakamura (Tohoku Univ.), Takazo Shibuya (JAMSTEC), 

Michael E. Zolensky (NASA/JSC) 
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Keywords: carbonaceous chondrites, hydrothermal alteration, diopside veins 
*Corresponding author: miki.takahashi.p4@dc.tohoku.ac.jp
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 , ,  ( ) 
Hydrothermal experiments of anorthite simulating chondrite parent bodies 

Yusuke Seto*, Shiori Adachi, Shun Ichimura (Kobe Univ. Sci.) 
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: [1] Kojima & Tomeoka (1996) GCA 60, 
2651-2666. [2] Ichimura et al. (2017) GCA 210, 114-131. 

Keywords: nepheline, sodalite, carbonaceous chondrite, aqueous alteration. 
*Corresponding author: seto@crystal.kobe-u.ac.jp
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CM Fe3+/ Fe  

GIA
 

Fe3+/ΣFe ratios in CM chondrites 
T. Noguchi* (Kyushu U.), R. Sagae (JASCO), H. Ishibashi (Shizuoka U.), S. Odake (GIA), H. 

Kagi (U. of Tokyo), M. Akasaka (Shimane U.), M. Kimura (NIPR), A. Yamaguchi (NIPR) 
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Keywords: X CM  
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 ( ), , , , `  ( ), 
,  (JAMSTEC),  ( ), 

  ( ) 
3D microstructure of a presolar silicate in the Acfer 094 meteorite 

Megumi Matsumoto* (Tohoku Univ.), Junya Matsuno, Akira Miyake, Aiko Nakato, 
Akira Tsuchiyama (Kyoto Univ.), Motoo Ito, Naotaka Tomioka (JAMSTEC), 

Yu Kodama (Marine Works Japan), Epifanio Vaccaro (Natural History Museum in London) 
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[1] Zinner (2014), Volume 1 of Treatise on 
Geology, 181–213. [2] Anders and Zinner (1993), 
Meteoritics, 28, 490−514. [3] Bose et al. (2010), 
APJ, 714, 1624−1636. [4] Nittler et al. (1997), 
PRL, 175–178.

Keywords: Acfer 094 , , NanoSIMS, STEM-EDS  
*Corresponding author: m_matsumoto@tohoku.ac.jp
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Cumulate member
slab breakoff

( ) ( ) ( ) 
Mantle dynamics of slab breakoff: constraints from the Cumulate Member in the 

Hayachine-Miyamori Ophiolite 
Kimura Takafumi*(EPS Univ. Tokyo), Ozawa Kazuhito (EPS Univ. Tokyo) , Iizuka Tsuyoshi (EPS Univ. Tokyo) 
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[1]Dilek & Furnes, 2011[2]Kimura et al., 2017, JpGU-

AUG abstract [3]Keskin, 2003 [4]Ozawa et al., 2015 
Keywords: mantle dynamics, slab breakoff, arc ophiolite 
*Corresponding author: kimura.t@eps.s.u-tokyo.ac.jp
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* ( , JAMSTEC) P.B. Kelemen ( ) D.A. 
Teagle J. Matter J. Coggon ( ) OmanDP Science Party 

Drilling of the crust-mantle boundary of Wadi Tayin massif in the Oman 
ophiolite: ICDP Oman Drilling Project 

Eiichi Takazawa* (Niigata Univ; JAMSTEC), P.B Kelemen (Columbia Univ), D.A. Teagle, 
J. Matter, J. Coggon (Univ. Southampton), OmanDP Science Party 

Oman Drilling Project (OmanDP [1])
(ICDP), the Deep Carbon 

Observatory, NSF, IODP, JAMSTEC, JSPS

MRMW, 
PAM, SQU, GUTech

OmanDP
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[1] Kelemen et al. (2013) Sci. Drill., 
15, 64-71; [2] Boudier and Nicolas (1995) J. 
Petrol., 36, 777-796; [3] Kelemen et al. (1995) 
Nature, 375, 747-753; [4] Korenaga and Kelemen 
(1997) JGR, 102, 27729-27749; [5] Collier and 
Kelemen (2010) J. Petrol., 51, 1913-1940; [6] 
Abily and Ceuleneer (2013) Geology, 41, 67-70; 
[7] Koga et al. (2001) G-cubed, 2, 
2000GC000132; [8] Rospabé et al. (2017) 
Geology, 2017139. 

Keywords: Oman ophiolite, ICDP, Oman Drilling Project, crust-mantle boundary, Moho Transition Zone 
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Benoit 
Ildefonse ( ) James Andrew Leong (

) Peter Kelemen, Juan 
Calros de Obeso Damon Teagle, Jude Coggon

Michelle Harris The Oman Drilling Project Phase 1 Science 
Party ( ) 

Physical property measurement of ICDP Oman Drilling Project 
(ChikyuOman2017) Phase I – From Oceanic Plate to obduction stage 

Natue Abe*, Keishi Okazaki (JAMSTEC), Kohei Hatakeyama (Hiroshima Univ.), Benoit Ildefonse 
(CNRS & Montpellier Univ.), Yamato Tateishi (Okayama Univ.), James Andrew Leong (Arizona 

State Univ.), Katsu Michibayashi (Nagoya Univ.), Eiichi Takazawa (Niigata Univ.), Damon Teagle, 
Jude Coggon (Southampton Univ.), Michelle Harris (Plymouth Univ.), Peter Kelemen, Juan Carlos de 

Obeso (Columbia Univ.), and Oman Drilling Project Phase 1 Science Party (Southampton Univ.) 

We report the results on the physical property measurements of core samples from the 4 Holes drilled 
at Samail Ophiolite, Sultanate of Oman, during the Oman Drilling Project Phase I. Phase 1 cores are 
from the lower crust section (Holes GT1A & 2A), at the boundary between sheeted dike and gabbro 
(Hole GT3AB), and from the mantle section to the basal thrust through the metamorphic sole. Physical 
Properties (Vp, density & porosity, thermal conductivity, etc) on core samples were measured using 
analytical facilities on D/V Chikyu. Listvenite, completely carbonated peridotite, is the main lithology 
in Hole BT1B and a unique lithology in some ophiolite bodies. It is characterized by high thermal 
conductivity, significantly higher than that of all other lithologies from Hole BT1B and gabbros from 
Hole GT1 and GT2, and similar or slightly higher than that of a typical peridotite. 
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KELEMEN B. Peter COGGON Judith
MATTER Juerg HARRIS Michelle

TEAGLE A.H. Damon
GODARD Marguerite Phase I

Hard rock description on the International Drilling Project cores aiming 
at leading edge of the mantle wedge and the underlying metamorphic 
sole of the Oman ophiolite, Hole BT1B of the Oman Drilling Project, 

on board the Drilling Vessel CHIKYU   
Tomoaki MORISHITA (Kanazawa U.)*, Peter B. KELEMEN (Columbia U.), Judith COGGON (U. 
Southampton), Juerg MATTER (U. Southampton), Michelle HARRIS (U. Plymouth), Katsuyoshi 
MICHIBAYASHI (Nagoya U.), Eiichi TAKAZAWA (Niigata U.), Damon A.H. TEAGLE (U. 
Southampton), Marguerite GODARD (U. Montpellier), Science Party Oman Drilling Project Phase I 
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Keywords: Oman Drilling Project, Drilling Vessel CHIKYU, Listvenite, Serpentinite 
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∗( )

Silicic melt obtained from the melting experiments of mantle peridotite reacted
with slab melt

Nobutaka Tsuchiya∗ (Iwate Univ.) and Daisuke Yamazaki (Okayama Univ.)

(Martin, 1986; Defant and Drummond, 1990
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Defant, M.J. and Drummond, M.S. (1990), Nature, 347,
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Hirose, K. (1997), Geology, 25, 42–44.
Martin, H. (1986), Geology, 14, 753–756.
Tatsumi,Y. (1982), Earth Planet. Sci. Lett., 60, 305–

317.
(2017), 2017

(2018),
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Key words: experimenta petrology, slab melting
∗ Corresponding author: tsuchiya@iwate-u.ac.jp
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 *   
  

Volcanic structure of Sennoyama in the Iwami Ginzan silver mine area, 
 Shimane Prefecture, SW Japan 

Kamei A. (Shimane Univ.), Koganei A. (Toyoyama Junior High School), 

Tabara A. (Shimane Prefecture Government), Ohira H. (Shimane Univ.) 

Sennoyama is an eroded remnant of pyroclastic cone located in the northeastern part of the Oe-Takayama 

volcanic district, Shimane prefecture, SW Japan. The Sennoyama area is well-known as a significant 

silver mineralized region named Iwami Ginzan silver mine, which became a UNESCO World Heritage 
Site in 2007. There are many reports on the timing of volcanic activity (2.19-1.68 Ma) and silver 

mineralization (1.44-1.07 Ma) at the Sennoyama (e.g., Sakoda et al., 2000; Zeng et al., 2010). The silver 

and related ores were precipitated by hydrothermal fluids of 220-270 degree C and 5-7 wt% salinity 
(Zeng et al., 2010). Kano and Takarada (2007) suggested that the Sennoyama cone was produced by 

basal base surge deposits and subsequent many block-and-ash flow deposits by gravitational and/or 

explosive dome collapse. They said that such cone-building based on repeated block-and-ash flow 
deposits are very rare case. On the other hand, the details of volcanic structure and its significance to the 

silver mineralization are not still cleared. In this study, we start geological survey and whole-rock 

chemical analysis of the Sennoyama products to investigate the unclarified matters.

1.5km 250m

Ag Cu

2.19-1.68 Ma
1.44-1.07Ma , 2000; Zeng 

et al., 2010

K
220 270 5
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block-and-ash flow deposits

block-and-ash flow deposits

Key words: Sennoyama, Iwami Ginzan silver mine, Oe-Takayama volcanic district, Shimane, SW Japan 
Corresponding author: kamei-a@riko.shimane-u.ac.jp (Atsushi Kamei) 
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Patterns of element concentrations of volcanic glass shards in tephra 
layers from SG06 and SG93 cores bored from Lake Suigetsu 

S. Maruyama* (KFT), K. Takemura (Kyoto University), T. Hirata (The University of Tokyo), 

 T. Yamashita (KFT), T. Danhara (KFT) 
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Keywords: volcanic glass, LA-ICP-MS, element abundance, Lake Suigetsu, boring core sample 
*Corresponding author: ojigibito@icloud.com
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Petrogenesis and Geochronology of the adakitic granites from Cape 
Hinode, East Antarctica 

Shin-ichi Kagashima* (Yamagata Univ.), Yoshimitsu Suda (Nagasaki Univ.) 
and Hayato Ueda (Niigata Univ.) 

  The Cape Hinode in East Antarctica is mainly consists of tonalite, which is adakitic rocks. Granites 
are small amount of this area, and also similar to high SiO2 adakitic chemical compositions. The zircon 
U-Pb ages of granites are 1081±25 Ma~1026±23 Ma. Granites has low MgO, Cr and Ni contents, it 
seems that there are no reaction with the mantle. In addition, granites coincide with the composition 
range of TTG (>3.5 Ga). These evidence suggests that melting of young and hot slab in shallow 
subduction zone. It becomes a key to elucidate the tectonics about 1000 Ma. 
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Shiraishi et al. (2003) 
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Hiroi et al., 2006, Polar Geosci., 19, 89-108; 
Shiraishi et al., 2003, Polar Geosci., 16, 76-99; Hiroi 
et al., 2008, Geol. Soc., London, Spec. Publ., 308, 
333-350; 2014 43 203-214
Martin et al., 2005, Lithos, 46, 411-429. 

Keywords:East Antarctica, Cape Hinode, adakite, zircon U-Pb age 
*Corresponding author:kagashima@sci.kj.yamagata-u.ac.jp
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Geochemistry and geochronology of granitic rocks from the Ereendavaa 
area in northeastern Mongolia 

Munkhdelger Bold*, Yasuhito Osanai, Nobuhiko Nakano, Tatsuro Adachi, Tamir Battogtokh, Undraa 
Sergelen (Kyushu Univ.) Jargalan Sereenen (Mongolian Univ. of Sci. and Tech.) Dolzodmaa 

Boldbaatar, Bolormaa Tsogtbaatar (Central Geo. Lab. in Mongolia) 

Mongolia is located in the Central Asian Orogenic Belt, surrounded by the Siberian Craton in 
the north and the Tarim and North China Cratons in the south. It is subdivided into the Neoproterozoic 
to Early Paleozoic northern domain and Late Paleozoic southern domain, which were separated by the 
Main Mongolian Lineament. The northern domain is bounded by the Mongol–Okhotsk suture zone, 
which is resulted from development and closure of the Mongol–Okhotsk Ocean. The Ereendavaa area 
focused in this study is located in the northeastern Mongolia, whereas various types of granitoids are 
widely distributed. The main purpose of this study is to understand the tectonic evolution of the 
Ereendavaa area based on petrographical, geochemical and geochronological characteristics of 
granitoids. The Ereendavaa area contains the Ereendavaa range in the north and the Kherlen ophiolitic 
complex in the south. The Ereendavaa range and Kherlen ophiolitic complex consist of metamorphic 
rocks and full-membered ophiolitic sequence, respectively.

The Ereendavaa area is classified into two units, which are the North and South Ereendavaa. 
On the basis of occurrences, mineral assemblages and hand specimen textures, granitoids from the North 
Ereendavaa area are divided into eight types that Hbl–Bt granitoid–1, Hbl–Bt granitoid–2, Bt granitoid–
1, Bt granitoid–2, Bt–Ms granitoid–1, Bt–Ms granitoid–2, leucogranitoid–1 and leucogranitoid–2. 
Moreover, granitoids from the South Ereendavaa area are classified into four lithologies: Hbl–Bt 
granitoid, Bt granitoid, leucogranitoid–1 and leucogranitoid–2.  

The geochemical features of Hbl–Bt granitoid–1 and Hbl–Bt granitoid–2 in the North 
Ereendavaa area, and Hbl–Bt granitoid, Bt granitoid and leucogranitoid–1 in the South Ereendavaa area 
exhibited arc-related I-type affinity. In contrast, other types of granitoids in both areas showed mostly 
syn-collision related S-type affinity rather than I-type. 

In the North Ereendavaa area, I-type granitoids were respectively formed that Hbl–Bt 
granitoid–2 at ca. 470 Ma and Hbl–Bt granitoid–1 at ca. 220 Ma. Moreover, S-type granitoids also were 
individually generated that leucogranitoid–1 and leucogranitoid–2 at ca. 880 Ma, Bt granitoid–2 at ca. 
440 Ma and Bt granitoid–1, Bt–Ms granitoid–1 and Bt–Ms granitoid–2 at ca. 180 Ma. In the South 
Ereendavaa area, I-type granitoids were separately formed that Hbl–Bt granitoid and leucogranitoid–1 
at ca. 540 Ma and Bt granitoid at ca. 220 Ma for. S-type leucogranitoid–2 was generated at ca. 440 Ma. 

All the new data suggest that the North and South Ereendavaa areas were independently 
experienced by a syn-collision related S-type magmatism at ca. 880 Ma and an arc-related I-type 
magmatism at ca. 540 Ma, which probably related to the final stage of assembly of Rodinia 
supercontinent and the assembly of northern Mongolian domain, respectively. The South Ereendavaa 
area might have been approaching to the North Ereendavaa area through subduction, which recorded by 
an arc-related early Ordovician (ca. 470 Ma) I-type granitoids from North Ereendavaa area. The 
occurrence of syn-collision related S-type granitoids from North and South Ereendavaa areas suggest 
that both Ereendavaa areas collided at ca. 440 Ma. In the late Triassic period, the southeastward 
subduction of Mongol–Okhotsk ocean caused an arc-related I-type magmatism, which is also observed 
throughout the Ereendavaa area. In early to the middle Jurassic period, the closure of the Mongol–
Okhotsk ocean generated syn-collision related S-type magma in the North Ereendavaa area.  

Keywords: Ereendavaa area, northern domain of Mongolia, Mongol–Okhotsk ocean, granitoid 
*Corresponding author: munkhdelgerbold9@gmail.com
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Combination of cathodoluminescence analysis and quantitative 
determination of titanium concentration in quartz, giving crystallization 

process of quartz : An example of the Tono plutonic complex, the 
Kitakami Mountains. 

Yasuhiro Ogita* (Yamagata Univ. ), Takenori Kato (Nagoya Univ. ), Takashi Yuguchi (Yamagata Univ.) 
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keywords : Quartz, Cathodoluminescence, Titanium concentration, Crystallization process. 
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U-Pb ages of granitoids in the Asahi Mountains, northeast Japan 
Masatsugu OGASAWARA (AIST)*, Kenji HORIE (NIPR), Mami Takehara (NIPR), 

Tomohide OHTSUBO (Tokyo Civil Consultants), Yasuhiro KIKUCHI (Shiba High School), 

Yukio FUJIMOTO, Yoshihisa OHIRA, Katsunobu SHOJI (AEG), 

Yoshimitsu NEGISHI (Mitsubishi Material Techno), Yukihiro MIZUOCHI, Takashi TASAKA 

Keywords: Granitoids, U-Pb ages, Asahi Mountains, 

Northeast Japan 

Corresponding author: masa.ogasawara@aist.go.jp 
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Boundary between the Wariyama and Takase granites 
from Takaseosawa to the Myotu Pass in the Wariyama Uplift zone. 

Yukiko Ohtomo*,  Orie Takahashi and  Nao Ikeda (Yamagata University) 

Boundary zone of the Wariyama and Takase granites were observed in Takaseosawa, the Mafune and Myotu 

Passes. Basic metamorphic rock, mud stone and dioritic rock are associated with the Wariyama granite. It is thought 

that these rocks are contact with the Takase granite in fault zone. 

Keyword: Wariyama Uplift zone, Wariyama  granite, Takase granite 

*Corresponding auther : Y. Ohtomo , yukiko@e.yamagata-u.ac.jp 

121



R6-P06
日本鉱物科学会2018年年会講演要旨

希希ガス同位体比測定による背弧域における

スラブ流体の存在特定

Possible occurrence of slab-related fluid in backarc lithosphere 
inferred from noble gas isotope ratio 

Lena Yokokura* (Hokkaido Univ.), Junji Yamamoto (Hokkaido Univ.) 

Subduction-related magmatism in Japan is originated from dehydration of a subducting oceanic plate 

and subsequent water addition to the mantle wedge, resulting in decrease of melting temperature of 

mantle minerals. On the other hand, the cause of backarc magmatism such as the volcanic groups near 

the border of North Korea and China, west of the Japanese archipelago is still controversial. A possibility 

for the magmatism is a mantle plume derived from lower mantle. The other is the magmatism related to 

dehydration of slab. In order to clarify the cause, we measured isotopic compositions of noble gases 

extracted from inclusions (mainly melt inclusions) in mantle xenoliths  collected from volcanoes in 

northeastern China. The results suggest the possible occurrence of slab-related fluid in backarc 

lithosphere. 

Key words: Melt inclusion, Noble gas isotope ratio, Slab,Mantle xenolith, 

*Corresponding author: l_yokokura@eis.hokudai.ac.jp 
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( )* ( ) ( )
( ) ( )

( ) ( )
Role of micropores, mass transfer and reaction rate in hydrothermal 

alteration process of plagioclase in a granite 
Takashi Yuguchi (Yamagata Univ.) *, Kaho Shoubuzawa (Yamagata Univ.), Yasuhiro Ogita (Yamagata 

Univ.), Koshi Yagi (Hiruzen Institute for Geology and Chronology) , Masayuki Ishibashi (JAEA),

Eiji Sasao (JAEA), Tadao Nishiyama (Kumamoto Univ.)
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Keywords: Plagioclase alteration, Micropores, Hydrothermal fluid, Illite K-Ar age, Toki granite. 
*Corresponding author: takashi_yuguchi@sci.kj.yamagata-u.ac.jp
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*

Estimation of emplacement depth of the Miocene Kaikomagatake pluton 
in the Izu Collision Zone 

Saki Watanabe (Kyusyu University), Satoshi Saito* (Ehime University)

The Miocene Kaikomagatake pluton is one of the Neogene granitoid plutons exposed in the 

Izu Collision Zone. The pluton intrudes into the Cretaceous to Paleogene Shimanto accretionary 

complex of the Honshu arc along the Itoigawa-Shizuoka Tectonic Line. The pluton consists of 

hornblende- and biotite-bearing granodiorite, monzogranite and granite (sense stricto). In order to 

constrain the emplacement depth of the pluton, we applied the Al-in-hornblende barometers (Anderson 

and Smith, 1995; Mutch et al., 2016). We used samples with mineral assemblage of hornblende + 

biotite + plagioclase + quartz + K-feldspar + magnetite + ilmenite ± sphene ± allanite. Rim 

compositions of hornblende in contact with quartz were used for barometry. Applying the barometers 

to 8 samples of the Kaikomagatake pluton yielded 2.2 - 3.6 kbar (Anderson and Smith, 1995) and 2.5 - 

3.1 kbar (Mutch et al., 2016). The estimated pressures correspond to ~9 - 14 km for the emplacement 

depth of the Kaikomagatake pluton. 
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Keywords: Kaikomagatake granitoid pluton, Al-in-hornblende geobarometer, Izu Collision Zone 
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Magma process of the plutonic complex in Sanyo zone, Yamaguchi 
Prefecture, SW Japan.

Shogo Kodama*, Masaaki Owada, Teruyoshi Imaoka (Yamaguchi Univ.), Atsushi Kamei (Shimane 

Univ.)

The Susuma-Nagao granodiorite, central Yamaguchi, contains a gabbro body. The gabbro is divided

into two types; fine-grained gabbro and cumulate. Considering Sr–Nd isotopic compositions, they are

derived from the same parental magma and belong to the transitional zone.
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Keyworda : SW Japan, Sanyo zone, Gabbro, 

Granodiorite, Magma process, 

E-mail : i002wb@yamaguchi-u.ac.jp

125



R6-P10
日本鉱物科学会2018年年会講演要旨

unit IV-5

Pre-eruptive processes of Goshikidake pyroclastic 
 rocks in Zao volcano, NE Japan 

Motohiro Sato* (Grad. Sch. Eng. & Sci., Yamagata Univ.), Masao Ban (Dept. Sci., Yamagata Univ.) 
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Keywords: Zao volcano, pre-eruptive process, magma feeding system, magma mixing, residence time 
*s185204m@st.yamagata-u.ac.jp
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Mineralogical and chemical characteristics of volcanic rocks from the 
eastern part of Izu peninsula 

Ai Takano, Toshiki Nishii and Shoichi Kobayashi* (Okayama Univ. Sci.) 
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Keywords: volcanic rock, chemistry, zoning in mineral, Izu 
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Geochemical study of Pre – Unzen and Unzen volcano 
at Shimabara Peninsula 

Takuma Yoshida*, Tomoyuki Shibata ( Hiroshima Univ. ),  

Takeshi Sugimoto ( Geothermal Engineering Co., Ltd.)
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Keywords: Pre-Unzen volcano, Unzen volcano, intraplate volcano, source materials, stagnant Pacific slab 
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Detrital zircon U-Pb dating of accretionary complexes in the Amami 
Oshima Island, southwest Japan 

Yukiyasu TSUTSUMI* and Kenichiro TANI (Natl. Mus. Nat. Sci.) 

We investigated U-Pb age of detrital zircons from accretionary complexes in the Amami Oshima Island. 
Four samples were from the Amami and Naon complexes which attribute to Shimanto and Chichibu 
complexes, respectively. Similar age distributions of the samples showed the deposition age and 
provenances are not so different between the samples. Considering the youngest zircon(s), it is thought 
to be that the accretionary age of at least a part of the Naon Complex is after late Early Cretaceous. 

3

260 Ma 380 Ma

100 Ma

Figure: Density diagram of concordant zircon U-Pb 
ages of the samples. 

Keywords: detrital zircon, U-Pb age, Butsuzo Tectonic Line, Amami Oshima Istand 
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Development of Jadeitite judgment machine using deep learning by artificial intelligence 

Takahiko Ogawara* (Fossa Magna Museum) 
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Keywords: Artificial Intelligence, Deep Learning, TensorFlow, Itoigawa, Fossa Magna Museum 
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 *  GRC   
Mineralogical characteristics of diamond-like grains found in Higo- and 

Nishisonogi metamorphic rocks 
Hiroaki Ohfuji*, Kosuke Fukuba (GRC, Ehime Univ.), Tadao Nishiyama (Kumamoto Univ) 

   Here we report the mineralogical characteristics of diamond-like grains found in Higo- and 
Nishisonogi metamorphic rocks. In the former rocks, they occur inside negative crystals in chromite 
and consist of randomly aggregated nanocrystalline graphite, which may be a pseudomorph after 
diamond upon the retrogressive phase transition during ascending of the host rock. In the latter, 
carbonaceous grains occur as angular to subhedral grains of ~ 0.5 μm mostly in pore spaces in the 
phengite matrix of metapelite. Electron diffraction analysis under TEM revealed that they are indeed 
single crystalline diamond grains. 

Ogasawara et al., 2000; Yang et al., 2007; Liou 
et al., 2009

Nishiyama et al., 2014, JpGU
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*  
Ferroan monticellite in serpentinites from the Happo ultramafic complex

T. Nozaka* (Okayama Univ.)

Ferroan monticellite (or magnesian kirschsteinite) occurs in the Happo ultramafic complex, central 
Japan. The ferroan monticellite has irregular shapes and replaces primary olivine in serpentinized 
peridotites. The ferroan monticellite has an ideal composition with total cation ~ 3.0 and Si ~ 1.0 on
the basis of O = 4.0, and Ca/(Mg + Fe + Mn) mol ratio ~ 1.0; however, it is different from previously
reported monticellite compositions in high iron [Mg/(Mg + Fe) = 0.36-0.61] and high manganese
contents (MnO = 2.1-3.8 wt%). Observed textures suggest the coexistence of the ferroan monticellite 
with antigorite ± diopside. Thermodynamic calculations in the simplified CMSH system show that the 
monticellite + antigorite assemblage is stable at a low-temperature (< , and low SiO2 and high 
Ca2+/(H+)2 activities.

Mg

Abersteiner et al., 2018

Nagata, 1982

4.0

3.0 Si 1.0 Ca/(Mg+Fe+Mn)

1.0

Fe

Mn
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Deer et al., 1982; Abersteiner et al., 2018

[Mg/(Mg+Fe) 0.39-0.61] magnesian kirschsteinite

MnO 2.1-3.8wt%

CMSH

Ca2+/(H+)2

Abersteiner, A. et al. (2018) Chemical 

Geology, 478, 76-88; Deer, W.A. et al. (1982) Rock-

Forming Minerals 1A: Orthosilicates, 2nd Ed, 

Longman; Nagata, J. (1982) J. Japan. Assoc. Min. Petr. 

Econ. Geol., 77, 23-31.

Keywords: ferroan monticellite, antigorite, olivine, 

serpentinite, Happo ultramafic complex
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 1, * (1 )

Today's fluid inclusion study 

KAWAMOTO, Tatsuhiko 1 * (1 Inst Geothermal Sciences, Grad School Science, Kyoto Univ) 

I summarize today's fluid inclusion study containing types of fluid inclusions, instruments, and new 
discoveries. 
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島弧オフィオライトから読み取る上部マントル火成作用：

トルコ、メルシンオフィオライトの例
石丸聡子・犀川雄二（熊本大・院）・三浦真（金沢大）・ 

Osman Parlak（チュクロバ大）・荒井章司（金沢大） 
Igneous processes recorded in a supra-subduction zone ophiolite: An example of the 

Mersin ophiolite, southern Turkey 
Satoko Ishimaru*, Yuji Saikawa (Kumamoto Univ.), Makoto Miura (Kanazawa Univ.), 

Osman Parlak (Chukurova Univ.), Shoji Arai (Kanazawa Univ.) 

島弧マントルの情報は島弧に産するかんらん
岩捕獲岩の研究によって主にもたらされてお
り、様々な性質（物質的・地球化学的特徴など）
が明らかにされつつある（例えば、Arai et al. 

2007）。しかし、捕獲岩はその小ささから（ほ
とんどは＜１ｍ）それぞれの岩相の空間的広が
りなどの全体像を捉えるのは困難である（荒井
ほか 2005）。一方で、オフィオライトのマント
ル部や固体貫入かんらん岩体は大規模に露出
するため、捕獲岩で得られた情報を補完するす
る重要な情報源である（荒井ほか 2005）。近年
では、噴出岩の化学的性質からオフィオライト
の形成場についての議論が多くなされ、島弧セ
ッティングで形成されたと考えられるオフィ
オライトも多数見出されている（例えば、Dilek 

& Furnes, 2014）。本研究では、数多いトルコの
オフィオライトの中でも最も島弧的な性質が
強いと考えられるトルコ南部のメルシンオフ
ィオライトのかんらん岩について基本的性質
を示し、マグマ生成過程やマントル改変過程に
ついて考察をおこなう。 

試料は、上位から層状構造を示す（layered 

ultramafics: LU）単斜輝岩–ウェールライト–ダ
ナイト、モホ遷移帯（MTZ）のウェールライト

–ダナイト、マントルかんらん部のハルツバー
ガイト–ダナイトである。MTZではダナイトが
大規模に露出している。マントル部ではダナイ
トはハルツバーガイトの構造を切っており、し
ばしば単斜輝石がポケット状に濃集する様子
が観察される。全ての試料でかんらん石は高い
Fo値を示すが（Fo90-93）、NiO含有量は LUと
MTZでは低く（0.14-0.45 wt.%）、マントルかん
らん岩では（0.35-0.48 wt.%）であった。スピネ
ルのCr#（= Cr/(Cr + Al) 原子比）は全てにおい
て高く（0.60-0.90）、TiO2含有量は低い（< 0.2 

wt.%）。鉱物の主要元素組成と単斜輝石と直方
輝石の希土類元素組成から、マントル部のハル
ツバーガイトは H2O 存在下で非常に高い部分
溶融（～35％）によって形成された溶け残り岩
であると考えられる。また、LUの岩石はボニ
ナイト的なマグマからの結晶集積によって形
成され、MTZ の岩石は高枯渇度のかんらん岩
とボニナイト的なマグマとの反応岩であると
推定された。 

【引用文献】 

荒井ほか (2005) 岩石鉱物科学 34, 133-142. 
Arai et al. (2007) Gondwana Res. 11, 180-199. 

Dilek and Furnes (2014) Elements 10, 93-100. 
Keywords: suprasubduction zone ophiolite, ultramafic rocks, high degree of mantle melting 
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Dehydrogenation/internal oxidation of mantle hydrous olivine 
Shoji Arai* (Inst. Liberal Arts & Sci., Kanazawa Univ.) 

Peslier et al., 2017
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JAMS; Arai et al., 2015EGU
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Keywords: black-colored dunite, hydrous olivine, dehydrogenation, internal oxidation, upper mantle 
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R7-P01

 

The Discovery of Equigranular Textured Rock 
in Chikuzen Oshima, Munakata, Fukuoka Prefecture Japan 

TOJO, Shunji* (Fukuoka Kyoiku Daigaku) 

  There is little researched about plutonic rock in Chikuzen Oshima, Munakata City, Fukuoka 
Prefecture, Japan.  Exposure of equigranular textured rock is found about 100m east of the Miyazaki 
area of the island.  The exposed rock is about 20m in width, adjacent to the Cretaceous Shimonoseki 
subgroup and is comprised of K-feldspar, plagioclase (sericited), quartz, hornblende, clinopyroxene, 
and orthopyroxene with a size of ca.1mm.  

Keywords : Chikuzen Oshima, plutonic rock, the Shimonoseki subgroup 
*Corresponding author: stojo@fukuoka-edu.ac.jp
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Cordierite in hornfels formed by contact metamorphism by granitic 
masses around Lake Biwa 

Shunsuke Hara and Shugo Ohi* (Edu. Shiga)
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礫及び転石からみた嶺岡帯構成岩石のバリエーション 

*  
Variation of the component rocks of the Mineoka Tectonic Belt 

 based on gravels and floats. 
Naoki Takahashi (Nat. Hist. Mus. Inst. Chiba) 

Youngest ophiolitic rocks in Japan produce in the Mineoka Tectonic Belt. But outcrops are scares in 

the Belt by reason of landslide based on tectonic deformation. In gravels in conglomerate of younger 

strata in and around the Belt and floats at riverbed and beach in the Belt, various kind of ophiolitic 

rocks are find out than those in outcrops, and they become the key of investigation of origin and 

development of the Belt. 

Keywords: Mineoka Belt, Ophiolite, Boso Peninsula

*Corresponding author: takahashin@chiba-muse.or.jp
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Occurrence of gold and silver minerals in Togi mine, Shika 
town, Hakui, Ishikawa Prefecture 

Maki Hamada* (Kanazawa Univ.), Tetsuya Takikawa (Shika town office) and Masayuki Okuno 
(Kanazawa Univ.) 
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*
Hydrothermal alteration and formational environment of the Obiro mine 

in the Tagawa Acidic Rocks, Uetsu region, Japan
Yuki Nakajima (Kawasaki Chishitu), Yuya Izumino and Kazuo Nakashima (Yamagata Univ.)
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Keywords: Obiro mine, Tagawa Acidic Rocks, hydrothermal alteration, fluid inclusion, boiling
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Petrological study of the Kurihashi granitic pluton in Kitakami mountains 
Tomohiro Suzuki (Tohoku Univ.), Kazuo Nakashima (Yamagata Univ.) 
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*, ,
Chemical composition and origin of tourmalines from pegmatites, 

NE Japan 
Ryota Kurosawa*, Yuya Izumino, Kazuo Nakashima (Yamagata Univ. Sci.) 
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Keywords: Tourmaline, Granitic pegmatite, Chemical composition 
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REE mineralization in alkaline plutonic rocks from north-west Mongolia 
Tamir Battotokh*, Yasuhito Osanai, Nobuhiko Nakano, Tatsuro Adachi (Kyushu University), Jargalan 

Sereenen (Mongolian University Science and Technology), Dolzodmaa Boldbaatar, Bolormaa 
Tsogtbaatar (Central Geological Laboratory, Mongolia). 

Rare earth elements (REE) occurrences in north-west Mongolia are still poorly explored. 
Therefore, targets of this study are to reveal the REE mineralization, and geochemical and 
geochronological characteristics of alkaline plutonic rocks from several occurrences in north-west 
Mongolia; Ar gol, Alag erdene, Khujirtiin Davaa REE occurrences. In addition to the REE 
occurrences, surrounding alkali plutonic rocks in Bulgiin uvur and Suul tolgoi areas are also 
investigated. We found three different magmatic activity of alkali plutonic rocks during late 
Devonian to Permian period. 

Cpx–Amp–Bt nepheline syenite (359.2 ± 4.3 Ma) and Cpx–Amp–Bt alkali feldspar granite 
(348.0 ± 3.2 Ma) were collected from Bulgiin uvur area. Cpx–Amp–Bt nepheline syenite contains 
coarse-grained euhedral to subhedral shape nepheline and alkali feldspar crystals. Furthermore, 
geochemical characteristics showed strong enrichment of Ba, Sr and K, and positive Eu anomaly. 
Therefore, Cpx–Amp–Bt nepheline syenite was resulted in the assimilation between alkaline 
magma and continental materials, and accumulation of alkali feldspar and nepheline. Geochemical 
characteristics of Cpx–Amp–Bt alkali feldspar granite showed enrichment in LREE, LILE and 
HFSE, and depletion in Nb, Ta and Eu. It suggests this rock was probably generated by mixing 
residual melt of Cpx–Amp–Bt nepheline syenite with the melt derived from continental crust, and 
extensive fractionation. 

Cpx–Amp quartz alkali feldspar syenite and Cpx–Bt nepheline syenite were collected from 
the Ar gol occurrence and Cpx–Amp–Bt nepheline syenites were collected from both Alag erdene 
and Khujirtiin davaa occurrences. Chondrite-normalized REE pattern diagrams and primitive 
mantle-normalized incompatible elements spider diagrams suggest they have a co-genetic 
relationship and origin from metasomatized mantle due to the asthenosphere-derived melt enriched 
in LILE, LREE, and HFSE. Magmatic age of only Cpx–Amp quartz alkali feldspar syenite was 
estimated as approximately 311 ± 19 Ma.  

Cpx–Amp–Bt syenite (299.1 ± 2.9 Ma) and Cpx–Amp–Bt quartz alkali feldspar syenite 
(298.1 ± 2.9 Ma) rocks were collected from Suul tolgoi area. Chondrite-normalized REE pattern 
diagrams and primitive mantle-normalized incompatible elements spider diagrams showed 
completely similar patterns from these rocks. Their patterns indicate slight enrichment of LILE and 
HFSE, and depletion of Nb and Ta, which implying these syenites were generated by mixing of 
enriched mantle derived melt and crustal material. 

REE minerals of eudialyte, bastnasite, synchisite and thorite were found in pegmatite veins 
from the Ar gol occurrence. Only eudialyte mineral was found in pegmatite veins from the Alag 
erdene occurrence. Although no pegmatite veins were found from Khujirtiin davaa occurrence, 
eudialyte mineral was recognized in Cpx–Amp–Bt nepheline syenite. 

Based on the field and petrographical evidences, REE mineralization in studied are is 
related with nepheline syanite at 311 Ma. The REE concentration of eudialyte bearing veins in the 
Ar gol occurrence is up to 3.96 wt.%, and that of britholite concentrated vein is up to 38.69 wt.%. 
REE concentration of eudialyte bearing veins in the Alag erdene occurrences is up to 1.20 wt.%. 
These two REE occurrences reveal good potential for REE prospect criteria. On the other hand, 
REE concentration of eudialyte bearing Cpx–Amp–Bt nepheline syenite in the Khujirtiin davaa 
occurrence is up to only 0.04 wt.%. REE content of eudialyte in the Khujirtin davaa occurrence is 
too low and out of prospect criteria. 

Keywords: REE occurrences, Mongolia, Nepheline syenite, Eudialyte, Britholite, Bastnasite, Synchisite 
 (Corresponding author: tamir.geology@gmail.com) 
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Petrology and geochronology of the Buhwa Greenstone Belt in 
Zimbabwe: Implications for the formation of the Kalahari Craton 

Toshiaki Tsunogae * (Univ. Tsukuba), George Beliyanin (Univ. Johannesburg) 
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Keywords: Buhwa Greenstone Belt, Limpopo Complex, Ar-Ar-dating, Kalahari Craton 
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Microstructural properties and formation process of slickenside 
T. Nagaoka* (Hiroshima Univ.), J. Ando (Hiroshima Univ.), T. Hirose (Kochi Core Center),  

H. Kagi (Tokyo Univ.), H Ohfuji (Ehime Univ.) 
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Silicate inclusions in a chromitite in Matsitama area, Northeastern 
Botswana 

Kazuyasu Shindo* and Masogo Kefilwe (Botswana International University of 
Science and Technology) 

      Silicate inclusions (SIs) in chromite have been found in chromitites in some ophiolites in the world. 

These inclusions might be useful for assuming condition of chromitite crystallization. This study 

shows SIs observed in a chromitite in northeastern part of Botswana. Geology of this area is normally 

composed of granite gneiss, amphibolite, quartzite and limestone covered by Kalahari sand. 

Furthermore, serpentinized ultramafic rocks can be observed in an area. Chromitite sample was 

collected from a borehole campaigned by JICA-MMAJ project in 1980’s. The chromitite is mainly 

composed of chromite (around 60 vol.%) and chlorite. Grain size of chromite ranges <10 to 600μm in 

diameter and the shape is basically subhedral to anhedral, rarely euhedral. Texture relationship shows 

that the chromite aggregate is altered by later hydrothermal fluid which led to form chlorite. In terms 

of chemical composition, these chromite grains have chemical zoning which consists of chromium-

dominant core and Fe-dominant rim parts. SIs, whose size ranges 5 to 20μm, are composed of mainly 

amphibole and talc. Compared with previous researches, these minerals are typical for inclusions in 

chromitite. Occurrence of SIs indicates that they might be formed by during crystallization of the host 

chromite. Furthermore, based on the mineral chemistry of SIs, fluid which contains some amount of 

sodium and calcium existed during chromitite formation.   

Keywords: Silicate inclusions, chromite 
Corresponding author: kazuyasus@biust.ac.bw 
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U Pb age and REE chemistry of zircons in pelitic gneisses from the Higo 
metamorphic Belt, Japan: Implication for timing of high-temperature 

metamorphism 
Vuong Thi Sinh Bui*, Yasuhito Osanai, Nobuhiko Nakano, Tatsuro Adachi, Ippei Kitano (Kyushu 

Univ.) 

The Higo metamorphic Belt in west-central Kyushu, southwest Japan consists of a sequence of 
metamorphic rocks, of which metamorphic grade increases southward up to granulite-facies (Osanai et 
al., 1998; Maki et al., 2004). This study reports the U-Pb geochronological and rare earth elements 
(REE) characteristics of zircons from garnet-biotite gneiss and garnet-cordierite-biotite gneisses in the 
Higo metamorphic Belt to constrain its timing of high-temperature metamorphism. These metapelites 
are mainly composed of plagioclase, quartz, biotite, garnet with or without cordierite as the mineral 
assemblage under the peak metamorphic condition, with accessory amount of sillimanite, spinel, 
zircon, monazite, apatite, graphite and opaque minerals.  

The garnet chemical zoning in garnet-cordierite-biotite gneisses shows the homogenized core and 
reverse zoning for Mg and Mn, while that from garnet-biotite gneiss still keeps the prograde zoning 
pattern (increase of Mg and decrease of Mn toward the rim), although most-outer part of the rim 
affected by retrograde diffusion. Yttrium presents the similar zoning for both types: decreasing content 
from core to rim. These chemical characteristics of garnet and presence of sillimanite inclusion in 
garnet rim suggest garnet grew during prograde metamorphism and the garnet rim might have been 
formed under the highest temperature condition but affected to some extent by later diffusion during 
retrograde dissolution of garnet. The REE patterns of garnet are characterized by the strong light REE 
(LREE) depletion and negative Eu anomaly, middle to heavy REE (HREE) with positive slope for 
garnet core, slightly positive to flat for garnet mantle, flat to slightly negative slope for garnet rim. The 
decrease of HREE during garnet growth may suggest the contemporaneous growth of zircon.  

Zircons exhibit internal structures of bright oscillatory or sector zoning cores with dark faint to 
unzoned rims, and dark faint or patchy zoned cores with bright homogenous or weak oscillatory rims. 
Two metamorphic ages of ca. 110 Ma and ca. 125 Ma are obtained from zircon rims with the similar 
internal textures of unzoning to weak oscillatory zoning and similar REE patterns of the 
enriched-HREE and negative Eu anomaly. However, the former has higher and scattered REE and 
Th/U ratio than the latter has. Zircon rims with the high Th/U ratios (>0.1), weak oscillatory zoning 
and HREE-enriched patterns may be formed in the presence of melt, while those with the lower Th/U 
ratios and homogenous CL might have been formed by the decomposition of garnet. This possibility is 
also supported by the occurrence of zircon nearby garnet resorption areas. The REEs distribution 
coefficient between zircon and garnet showed the lower DMREE-HREE and DEu/Eu* values for 125 Ma 
zircon and garnet core-mantle-rim compared with the 110 Ma zircon. It probably indicates ca. 110 Ma 
age might be indicative of post-date of peak metamorphic condition (consistent with Maki et al., 2014), 
while ca. 125 Ma age may be corresponding to the timing of prograde metamorphism. The retrograde 
metamorphism happened before ca. 105 Ma obtained from zircon of discordant granite intrusion.  

Keywords: zircon, garnet, rare earth elements, Higo metamorphic Belts 

Corresponding author: buisinhvuongdc@gmail.com 
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Hf isotopic compositions of inherited zircons in metaigneous rocks from 
the Highland and Wanni Complexes, Sri Lanka 

Ippei Kitano*, Yasuhito Osanai, Nobuhiko Nakano, Tatsuro Adachi (Kyushu Univ.) 

Kitano et al., 2018

Osanai et al., 2016a, b; Kitano et al., 
2018
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Keywords: Highland Complex, Wanni Complex, metaigneous rocks, zircon Hf isotope, Sri Lanka 
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The history of thermal structure of the Lanzo massif and the implication 
on thermal structure of lithosphere-asthenosphere boundary. 

Tomo Aoki* (The University of Tokyo), Kazuhito Ozawa (The University of Tokyo), Jean- Louis 
Bodinier (Geosciences Montpellier), Françoise Boudier (Montpellier 2 University) 

The lithosphere-asthenosphere boundary (LAB) is a boundary zone where heat, momentum, and 
materials are exchanged between conductive mantle (lithosphere) and underlying convective mantle 
(asthenosphere), and plays an important role in plate tectonics (e.g., McKenzie and Priestley, 2005; Sleep, 
2005, 2006). A large and continuous exposure of mantle materials could provide an opportunity for direct 
observation of the LAB zone, which may show large-scale dynamic processes operating there. The 
Lanzo peridotite massif, exhumed by Alpine orogeny in the early Mesozoic, has exposure of 20 x 10km2 

in area and is suitable for this purpose. The massif is divided into north, central and south bodies, which 
are separated by two shear zones (Boudier, 1978). Chemical and microstructural variations on various 
scales have been reported by Bodinier et al. (1991), which proposed that the Lanzo massif consists of 
the southern part of asthenospheric origin and the northern part of sub-continental lithospheric origin. In 
recent studies of the Lanzo massif, the southern body is shown to be contrasting to the central and 
northern bodies in the lack of thick mafic layers and frequent occurrence of dunite and harzburgite, 
which is explained by influx of melt from the asthenosphere and its reaction with plagioclase lherzolite 
to form plagioclase-rich lherzolite, harzburgite and dunite (Sanfilippo et al., 2018). These models assume 
asthenosphere involvement in the development of the southern body, which must be assessed in the 
thermal aspect of the entire massif. “Equilibration conditions” have been estimated in previous studies 
(e.g., Bodinier et al., 1986; Borghini et al., 2011), but they must be reevaluated in the framework of 
thermal history. We examined 17 samples of plagioclase-bearing peridotites and 3 samples of mafic 
rocks collected over the entire massif through petrographic observations and mineral chemical analyses. 
We found systematic variations of chemical composition and zoning pattern of pyroxenes in the massif. 
The temperatures calculated from geothermometer based on the CaO solubility for the rim and core of 
orthopyroxene (Ca-in-opx; Lindsley, 1983) and for the core of olivine (Ca-in-olivine; Köhler and Brey, 
1990) decrease from the south to the north. The calculated temperatures show the following notable 
features: (1) the difference in temperatures between the rim and core of orthopyroxene increases from 
the south to the north and (2) the temperatures from olivine core are always lower than those from 
orthopyroxene. The Ca zoning in orthopyroxene was carefully examined, which shows trapezoidal 
pattern in line profiles with homogeneous core if clinopyroxene exsolution lamellae are included in 
analyses and variously sloped margins. The width of the sloped margin tends to increase from the south 
to the north. These results indicate: (1) the calculated temperatures from the orthopyroxene core 
represent conditions of long residence in the mantle and (2) those from orthopyroxene rim and olivine 
core represents closure temperatures. We conclude that the Lanzo massif underwent monotonous and 
continuous cooling with higher cooling rates for the southern body than that for the northern body and 
that the original thermal structure of the LAB zone over tens of kilometers scale was frozen in the Lanzo 
massif. The frozen temperature difference of ~60K over the massif corresponds to the geothermal 
gradient of ~6K/km, which is higher than that near the LAB of sub-continental lithosphere by a factor 
of two. 

Keywords: lithosphere-asthenosphere boundary, geothermometer 
*Corresponding author: tomoaoki@eps.s.u-tokyo.ac.jp
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モモンゴルアルタイ山脈，昇温期および降温期の紅柱石と珪線石を
含む粗粒藍閃石泥質変成岩の形成過程

S. Jargalan  
K. Syeryekkhaan  

M. Satish-Kumar  

Evolution of prograde and retrograde andalusite- and sillimanite-bearing 
kyanite metapelites from the Altai Range, Mongolia  

N. Nakano*, Y. Osanai (Kyushu Univ.), S. Jargalan (Mongolian Univ. Sci. Tec.), T. Adachi, K. 
Syeryekkhaan (Kyushu Univ.), M. Owada (Yamaguchi Univ.), M. Satish-Kumar (Niigata Univ.) 

Coarse-grained kyanite metapelites associated with quartz veins and host pelitic gneisses in the Altai 
Range Mongolia were investigated here. Although similar rock types were previously reported in the 
Altai Mountains by Burenjargal et al. (2012), current samples have different petrographical 
characteristics from them. In the matrix of kyanite metapelites, the coarse-grained kyanite is 
surrounded by sillimanite rimed by moat-like andalusite. The garnet grains in kyanite metapelite 
includes andalusite in the core and sillimanite in the mantle. On the other hand, garnet-free kyanite 
metapelites contain staurolite and kyanite with inclusions of plagioclase that in turn contain inclusions 
of andalusite. The staurolite also includes sillimanite including plagioclase. The petrographical features 
of metapelite samples indicate the five times aluminosilicate formation and the hierarchy is andalusite, 
sillimanite, kyanite, sillimanite, and andalusite. The thermobarometric calculation using 
kyanite-bearing host gneisses and phase diagram modeling of the kyanite metapelites suggest a 
hairpin-shaped anti-clockwise evolution; from prograde of ~ 520°C at 2.5 kbar via peak of 600°C at 6 
kbar until ~510°C at 3 kbar. U–Pb zircon and U–Th–Pb monazite ages suggest a single metamorphic 
event at late Permian. The detrital zircon ages are essentially similar to accretionary wedge in the Altay 
Range (sharp peaks of 510–490 Ma and broad peaks of 900–800 Ma), whereas they are characterized 
by abundant Proterozoic zircons (56 %) and older age of the youngest zircon (c. 460 Ma) than those of 
pelitic gneisses metamorphosed at Devonian (c. 360 Ma) in western Mongolian Altai (20 % and c. 364 
Ma, respectively). The results require the following sequence of events. (1) Subduction of an oceanic 
plate beneath a microcontinental block from at least 510 Ma. (2) Development of the accretionary 
wedge and volcanic front due to ongoing subduction and arc magmatism until c. 360 Ma. (3) Burial of 
the youngest accretionary wedge at c. 360–350 Ma. (4) Rollback of the trench and arc magmatism in 
the upper (older) part of the accretionary wedge during the late Permian. (5) Transfer of the heated 
accretionary wedge to a depth of ~25 km due to subsequent collision at c. 270–260 Ma. The model can 
well explain the evolution not only for current samples but also for Devonian pelitic gneiss, 
metamorphosed and unmetamorphosed late Permian granitoids, and surrounding accretionary wedge in 
the Altai Range, Mongolia. 

Keywords: Andalusite, sillimanite, kyanite, Altai Mountain, Mongolia 
*Corresponding author: n-nakano@scs.kyushu-u.ac.jp (N. Nakano)
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Constraining different metamorphic and igneous events in Higher-
Himalayan Crystalline rocks, Bhagirathi Valley, India from U-Pb zircon 

geochronological data 

Sukalpa Chatterjee1,2, Kaushik Das*,2, Chu Xu3  
   (1Indian Institute of Technology Roorkee,2Hiroshima Univ., 3Univ. of Toronto)

   Bhagirathi Valley, situated in the north-western part of the Himalaya in western Garhwal, India, is 
among one of the many valleys in Himalaya which is least studied from a geological point of view. Three 
main north-dipping thrust systems are present in this area. From south to north these are Main Central 
Thrust (MCT), Vaikrita Thrust and Martoli fault. Higher Himalayan Crystalline (HHC) also called as 
Greater Himalayan sequence are rocks thrusted southward over Lesser Himalayan Proterozoic 
sedimentary zone, along the MCT and presently exposed at the hanging wall of the thrust, in the 
Bhagirathi valley. The HHC rocks exposed in this area are pelitic, psammitic and quartzite sequence, 
along with highly sheared phyllonite, augen gneiss, Paleoproterozoic granitoids (Munsiari Formation), 
Cambro-Ordovician granitoids and Miocene anatectic leucogranite. 
     This study is mostly focused on the U-Pb zircon geochronology of the granites, leucogranitic bodies 
and associated veins, and the metamorphic augen gneiss found in the northern hanging wall block of 
Vaikrita Thrust, within the HHC. The garnet-bearing leucogranitic vein that intruded the augen gneiss is 
having large to small sized garnet (5 mm – 0.5 mm). The garnet internal texture and compositional 
zoning indicates melting and recrystallization (corroded internal texture and Y-enrichment towards the 
rim). Zircon grains from this sample are extremely spongy and having highly convoluted internal texture. 
They yield the concordant age of 22.72±0.12 Ma. The host augen gneiss is showing narrowly spaced 
two concordant age peaks of 475.5±1.7 Ma and 449.9±5.5 Ma. The Bhaironghati granite, in contact with 
the augen gneiss is a biotite-bearing one-mica granite yielding two closely spaced age peaks of 460.6±5.5 
Ma and 479±2.3 Ma. Zircon from the Gangotri leucogranite, a tourmaline-bearing two-mica granite 
intruded into the Bhaironghati granite is yielding a concordant age of 474±7.1 Ma and a spot age of 
24.1±0.12 Ma. From these data the ages in between 445 – 475 Ma can be correlated with the pre-
Himalayan tectono-thermal event(s) most likely a coeval high grade metamorphic and felsic magmatic 
event affecting a wide spread area in the present-day HHC (NW Himalaya: 467±3 Ma [1]; Central Nepal: 
445±16 Ma [2]) and resulting in formation of the augen gneiss and Bhaironghati granite. The newer 
Miocene ages well coincide with the higher Himalayan leucogranite emplacement event, which was 
formed from fluid-absent incongruent partial melting by muscovite dehydration in metapelites and 
metagraywackes of HHC [3]. Partial melting of source rock and formation of leucogranite can be 
corelated with the garnet (within leucogranitic vein) internal texture and compositional zoning pattern.  

References: [1] Foster (2000), Open Univ. UK, [2] Catlos et al. (2002), J. Asian Earth Sciences, [3] Singh (2018), 
Geo. Frontiers, [4] Scaillet et al. (1990) J. Volcanology and Geothermal Research.    
Keywords: Higher Himalayan Crystalline, Gangotri Leucogranite, Bhaironghati Granite, Augen gneiss, U-Pb 
zircon ages.  
*Corresponding author: kaushik@hiroshima-u.ac.jp
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*  
Significance of tourmaline-bearing nanogranite inclusions in garnet 

from High Himalayan Crystalline sequence, central Nepal  
Tetsuo KAWAKAMI*, Harutaka SAKAI, Katsushi SATO, Yasuhiro MONTA (Kyoto Univ.) 

(Cesare et al., 2009)

(Ferrero et 
al., 2018)  
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Metamorphism of epidote blueschists from the Gotsu area, SW 
Japan 
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al., 2017
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AAdditional finding of a higher grade metabasite with barroisitic 
amphibole from the lower grade part of the Sanbagawa belt in 

Kii Peninsula and its significance. 
Takao HIRAJIMA* Ryoji KATO

(Hada, 1967; , 1986a, b)

Kato & Hirajima (2017)
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Alison Schmitt *  
Reaction and exsolution textures in the Nomo rodingite 

Alison Schmitt (Kumamoto U.) and Tadao Nishiyama*(Kumamoto U.) 

Rodingites occur in serpentinites in the Nomo unit, Nagasaki Metamorphic Rocks (Nishiyama et al.[1]). 

We newly found peculiar reaction textures and exsolution textures in some rodingites, which give a 

host of information on the genesis of the rodingites. 

1. Perovskite-ilmenite relation

Ilmenite occurs rimmed by perovskite sometimes with coarse-grained magnetite at the outermost part, 

indicating the following reaction:  

3FeTiO3 + 3Ca2+ + 2O2 = 3CaTiO3 + FeOFe2O3. 

This reaction indicates the oxidizing condition during the formation of perovskite-bearing rodingites. 

Exsolution lamellae of Ti-magnetite occur in the ilmenite, and magnetite blobs also occur in the 

perovskite. Compositions of the lamellae lie on the magnetite – ulvöspinel join in the TiO2 – FeO – 

Fe2O3 diagram. Because ilmenite does not make a solid solution between magnetite, these exsolution 

textures are enigmatic. We will discuss several hypotheses for this issue, such as oxy-exsolution 

(oxidation of early ulvöspinel to ilmenite), and subsolidus reduction of Fe2O3 in the ilmenite-hematite 

solid solution  

2. Reaction textures involving titanite

Ilmenite rimmed by titanite, ilmenite rimmed successively by perovskite, titanite and andradite in this 

order, and symplectites consisting of these minerals are observed. Because the following reaction is 

valid between titanite and perovskite:  

CaTiO3 + SiO2 = CaTiSiO5,  

the textures indicate the increase of SiO2 activity in the fluid at the later stage of rodingite formation. 

This relation is contrasting to the occurrence of perovskite as a pseudomorph after titanite ([1]), 

indicating local and temporal difference in SiO2 activity. 

Reference [1] Nishiyama, et al., (2017) PEPS, DOI 10.1186/s40645-016-0115-4 

Keywords: rodingite, perovskite, ilmenite, titanite, exsolution 

*Corresonding author: tadaonishiyama@gpo.kumamoto-u.ac.jp
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* 

Retrograde pumpellyite in the Yunotani garnet blueschist (Hida-Gaien 
Belt): An update of the cooling path and the similarity to Osayama garnet 

blueschist (Chugoku Mountains) 
Yuzuki SHINJI* 1 and Tatsuki TSUJIMORI 1,2 

(1 Dept. Earth Sci., Grad. School of Science, Tohoku Univ., 2 Center for Northeast Asian Studies, 
Tohoku Univ.) 

Retrograde pumpellyite was newly found in garnet blueschists (Tsujimori, 2002), which are the 

Mg-rich equivalent of the late Paleozoic retrograde eclogite of the Yunotani Valley (YNT) in the Omi 

area, Hida-Gaien Belt. Pumpellyite occurs with secondary glaucophane, chlorite, titanite, phengite, 

albite, and quartz, which all characterize a retrograde blueschist (BS)-facies mineral assemblage after 

peak eclogite (EC)-facies mineral assemblage. This feature is comparable with retrograde pumpellyite 

in late Paleozoic garnet blueschist (with relict EC-facies mineral assemblage) in the Osayama area of 

the Chugoku Mountains (Tsujimori and Liou, 2005). Equilibrium phase calculation confirms that this 

pumpellyite is stable at a low temperature and pressure portion 

of the lawsonite BS-facies. We interpret the limited occurrence 

of retrograde pumpellyite in the both YNT and Osayama garnet 

blueschists and YNT retrograde eclogites can be explained by 

either incomplete infiltration of H2O-rich fluid during 

retrogression and/or different bulk-rock composition. T–X (Mg) 

pseudosection suggests that pumpellyite appears preferentially 

in Mg-richer (or higher Mg/(Mg+Fe) ratio) and Ca-poorer bulk-

rock composition which are consistent with our observations. 

Our finding provides a strong evidence that the deeply 

subducted (EC-facies) metabasaltic rocks both in the Hida-Gaien Belt and the Chugoku Mountains 

underwent a very similar BS-facies overprinting and locally reached to the pumpellyite stability. The 

'Franciscan-type' retrograde P–T path suggests a 'steady-state' underflow of paleo-Pacific plate in late 

Paleozoic time at a convergent margin of South China Craton. 

Keywords: Pumpellyite, Retrograde P–T path, Omi, Osayama, Late Paleozoic 

*Corresponding author: yuzuki.shinji.r2@dc.tohoku.ac.jp

Figure 1. Omi vs Osayama. Mineral 
parageneses for the different stages of 
metamorphic recrystallization. 
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An attempt to estimate the kelyphitization rate of garnet from a zoning width of garnet – Part 2 
Masaaki Obata* and Tetsuo Kawakami (Kyoto Univ.)   *Prof. Emeritus 
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Keywords: kelyphite, garnet, kinetics, diffusion, zoning 
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Prograde increase of X(CO2) value of metamorphic fluid at lithological 
boundary: an example of Sanbagawa metamorphic rocks 

in the Kokuryo-gawa area 
ENAMI Masaki*, HUANG Shuaimin (Nagoya Univ.), TSUBOI Motohiro, 

WAKASUGI Yuki (Kwansei Gakuin Univ.) 
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P-T estimations of metasedimentary origin mylonite along the MTL in the 
Ohshika district, Nagano 

Yoshihiro NAKAMURA* (Geological Survey of Japan, AIST) 

Kashio mylonite zone is exposed in the Oshika villege, Nagano, and widely extends along the Meadiean 

Tectonic Line (MTL) from Aoki to Kashio Rivers. The metasedimentary origin mylonite shows a white 

thin layer within granitic mylonite, which is comprised of recrystallized quartz, feldspar, garnet and micas. 

The metamorphic minerals in the mylonite were regarded as a porphyroclast during mylonitization. 

However, the garnet porphyroclasts display a chemical zoning of the grossular (XGrs), which significantly 

increases in abundance from core to mantle, and rim. In addition, the significant enrichment of phengite 

component in wihte mica (Si/11 = 3.36~3.5 a.p.f.u) was identified. XMg of recrystallized biotite also ranged 

from 0.20 to 0.26, suggesting temperature decrease compared with protolith (XMg = 0.45~0.54). Based on 

the chemical analyses of recrystallized minerals, the P-T conditions of weakly deformed mylonites (>500m 

along the MTL) are estimated at 590~600 ℃ and 0.3-0.45 GPa, while the P-T conditions of highly 

deformed mylonites (<500m along the MTL) are estimated at 400~540 ℃ and 0.9 GPa. Our P-T 

estimations imply that Kashio mylonite zone was formed by two different mylonites related to HT-LP type 

and LT-HP type metamorphism.  
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大佐山ひすい輝石岩の熱水性ジルコンのリチウム
濃度累帯構造：沈み込み帯流体の実像を探る

辻森 樹* 1,2, 青木一勝 3, 青木翔吾 3 
(1東北大学・CNEAS,2東北大学・理・地学,3岡山理科大学・理・基礎理) 

Lithium-zoning in hydrothermal zircons from Osayama jadeitite: 
A clue to understanding subduction-zone fluids 

Tatsuki TSUJIMORI* 1,2, Kazumasa AOKI 3 and Shogo AOKI 3 

(1 CNEAS, Tohoku Univ., 2 Dept. Earth Sci., Tohoku Univ., 3 Dept. Applied Sci., Okayama Univ. Sci.) 

 ひすい輝石岩はスラブ直上のマントル楔
の構造場で沈み込み流体から形成する
(Tsujimori and Harlow 2017)。古生代前期のひ
すい輝石岩は西南日本の飛騨外縁帯と大江
山帯・蓮華帯に特徴的な蛇紋岩(蛇紋岩化した
かんらん岩や変成かんらん岩を含む)中に岩
脈状に産し、それらがブロック化したものが
岩塊(転石)として観察される。中国山地の大
佐山蛇紋岩メランジュ産のP型ひすい輝石岩
は様々な程度の再結晶・再沈澱を被っており、
初生的なひすい輝石はルチルと共存、二次的
なひすい輝石はチタン石を伴う。初生的な鉱
物組み合わせには粗粒なジルコン(Zrn)が含
まれる。Zrn は破砕を受けクラックに沿って
再結晶化し、二次的なひすい輝石が充填する。
Zrn には水やメタンの流体包有物が含まれる。
Zrnはまれに組織及び、酸素(O)とハフニウム
(Hf)同位体比が明瞭に異なる継承コア(δ18O= 
+3.6)をもつ(Tsujimori et al. 2005; Fu et al. 2010)。
先行研究の SHRIMP-RGウラン鉛(U–Pb)年代
447–531 Maと εHf(t)値は相関をもち、マント
ル進化曲線との交点は約 570 Maを示す。 
 我々は大佐山ひすい輝石岩中のZrnに記録
された沈み込み帯流体の情報を読み解くた
め、LA-ICPQMS を用いた元素マッピングの
手法を応用した。そして、30–70 µ/µgに達す

る高いリチウム濃度([Li])と、その初生的な累
帯構造及び、二次的な改変組織を捉えた。高
い[Li]分布は[Y, Nb, U, Pb, Th, Ce, HREEs]の分
布と良く調和する(Fig. 1)。一方、[Li]が 10 µ/µg
に満たない場合、それらの元素とのカップリ
ングは認められない。いずれの場合も[Ti]と
のカップリングは観察されない。Zrn と流体
の間の分配係数(Ayers and Peters 2018)から推
定したひすい輝石岩を形成した沈み込み流
体の[Li]は、既存の推定値より一桁高い。 
 新しい LA-ICPQMS U–Pb年代(523 ± 1.8 Ma, 
n=26)は既存値(512 ± 3.4 Ma, n=85)と矛盾しな
い。大佐山ひすい輝石岩の Zrnは日本列島で
最古のプレート収束境界の情報だけでなく、
沈み込み帯流体と Zrnのリチウムの挙動に関
する一般則を読み解く手掛かりになろう。

Keywords: lithium, zircon, U–Pb age, jadeitite, Osayama serpentinite mélange 

*Corresponding author: tatsukix@tohoku.ac.jp

Fig. 1. Trace elements distribution of a hydrothermal zircon 
in Osayama jadeitite. Note: age — 238U–206Pb age of ~520 Ma 
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Reappraisal of upper amphibolite-facies rocks in blueschist belt: 
A case study of Franciscan Complex, California 

Yukika HARATA 1 and Tatsuki TSUJIMORI* 1,2 

(1 Dept. Earth Sci., Tohoku Univ. [Present affiliation: Outsourcing Technology Inc.], 2 Center for 
Northeast Asian Studies, Tohoku Univ.) 

Occurrence of high-temperature, so-called `high-grade' metamorphic rocks as tectonic blocks 
have been known in some blueschist-bearing metamorphic belts. In order to evaluate the geologic 
implication of `high-grade' rocks in Pacific-type blueschist belt, `high-grade' blocks of `non-eclogitic' 
metabasaltic rocks from the Franciscan Complex were petrologically investigated. Three samples from 
San Francisco Peninsula and Northern Diablo Range record upper amphibolite facies metamorphism 
before lawsonite–blueschist-facies overprinting. Melanocratic and leucocratic amphibolite samples of 
Baker Beach are characterized by the mineral assemblage brown (or green) hornblende + pseudomorph 
after plagioclase (Fig. 1). High Ti content in brown clinoamphibole and the presence of clinopyroxene-

rich veins with possibly pseudomorph after 
orthopyroxene in the melanocratic sample 
suggest the block underwent nearly granulite-
facies metamorphism with migmatitic partial 
melting. Coarse-grained garnet amphibolite 
sample of Sunol Regional Wilderness contains 
rutile and rare clinozoisite within garnet 
porphyroblast, suggesting slightly lower 
temperature but higher-pressure condition. The 

pre-blueschist facies metamorphic conditions of the investigated rocks are comparable to these of 
metamorphic sole rocks in the literatures. The blueschist overprinting is characterized by the mineral 
assemblage glaucophane + pumpellyite ± lawsonite. Considering the geologic context of the 
Franciscan Complex and the recent idea of the `metamorphic sole' in Tethyan ophiolites, the `non-
eclogitic', `high-grade' metamorphic blocks of the Franciscan Complex can be explained by the model 
that those rocks represent fragments of `metamorphic sole' formed during infant stage subduction with 
a `hot' geothermal gradient, following intra-oceanic subduction initiation. 

Keywords: high-T amphibolite, Pacific-type blueschist belt, Franciscan Complex, metamorphic sole 

*Corresponding author: tatsukix@tohoku.ac.jp

Figure 1. Representative micro textures of high-T amphibolite 
from Backer Beach. (a) Al distribution image showing Hbl and 
Lws-rich pseudomorphs after Pl. (b) Ca image of a boundary 
between Hbl-rich matrix and clinopyroxene-rich vein. 
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*  

Occurrence and metamorphic process of Low-pressure type 
metamorphic rocks in the Mt. Sangun area 

M. Owada* (Yamaguchi Univ.), J. Fukami (NEWJEC Inc.) 

The low-pressure type metamorphic rocks occur in the eastern foot of Mt. Sangun-san. The metamorphic 
rocks consist mainly of fine amphibolite and biotite gneiss with small amounts of metamorphosed chert and 
crystalline limestone. The inferred peak conditions show 620–720 ˚C and 0.4–0.5 GPa, and the metamorphic 

process could suggest a hairpin-shaped clockwise trajectory. The lithology and metamorphic process are 
similar to those of metamorphic rocks from the Sefuri Mountains in northwest Kyushu.
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Key words: North Kyushu, Mt. Sangun area, Low-pressure metamorphism, Clockwise P-T path 
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Isotope geochronology of high P/T metamorphic rocks, Inner zone of 
southwest Japan 

Kotaro Tabuchi , Hideo Ishizuka, Yasuhito osanai, Nobuhiko Nakano, Tatsuro Adachi, Ippei Kitano 

P/T

280

330Ma 160 230Ma

Nishimura 1998

U-Pb

U-Pb  

Nishimura 1998

1

2

U-Pb  

168Ma 152Ma 203Ma

160 230Ma: 

Nishimura 1998

164



R8-P03
日本鉱物科学会2018年年会講演要旨

*

Fluid activity history inferred from reaction textures developed in  
impure marbles in the eastern Iratsu body in the Sanbagawa belt, central 

Shikoku, Japan 
Kenji ASAKURA*, Takao HIRAJIMA  (Kyoto Univ. Sci.)
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Keywords: Sanbagawa belt, marble, eclogite, reaction texture, XCO2 
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Keywords: Antigorite, Plasticity, microstructure 
*Corresponding author: m186027@hiroshima-u.ac.jp

Das Kaushik Sarkar 
Dyuti Prakash

Deformation characteristics of antigorite serpentinite 
exposed at Sasaguri, Fukuoka Prefecture 

Y. Iwasaki* (Hiroshima Univ.), J. Ando (Hiroshima Univ.), K. Das (Hiroshima Univ.), 

D. P. Sarkar (Hiroshima Univ.), S. Uehara (Kyushu Univ.), H. Ohfuji (Ehime Univ.) 
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Nanogranite inclusions in garnet from Balchenfjella, in the Sør Rondane 
Mountains, East Antarctica 

Fumiko Higashino* (Tohoku Uni.), Tetsuo Kawakami (Kyoto Uni.) 
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1. Cesare et al., 2009. Geology 37, 627-630. 2. Hiroi et
al., 2014. Gondwana Res. 25, 226-234. 3. Kawakami 
et al., 2016. JMPS 111, 129-143. 4. Ceser et al. 2015. 
Lithos 239, 186-216. 5. Hiroi et al., 2010. NIPR symp. 
abst. 6. Ferrero et al. 2018. Am. Min. 103, 610-622. 7. 
Higashino et al. 2013. Precam. Res. 234, 229-246. 8. 
Kawakami et al. 2017. Lithos 274-275, 73-92. 

Keywords: nanogranites, garnet, partial melting, fluid 
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Granulite-facies metamorphism of the Lützow-Holm Complex, East 
Antarctica: insights from phase equilibrium modeling and zircon dating 

Kazuki Takahashi*, Toshiaki Tsunogae, Yusuke Takamura (University of Tsukuba), 
Yukiyasu Tsutsumi (National Museum of Nature and Science) 
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Keywords: Phase equilibrium modeling, Zircon U–Pb dating, Lützow–Holm Complex, Gondwana supercontinent 
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Deformation mechanisms of antigorite and their implications in context 
of Rakhabdev lineament, from Rajasthan, India 

D. P. Sarkar* (Hiroshima Univ.), J. Ando (Hiroshima Univ.), K. Das (Hiroshima Univ.), 
A. Chattopadhyay (Delhi Univ.) 

Serpentinites are rocks comprised primarily of serpentine group minerals, formed by hydration of 

ultramafic rocks within a broad temperature window (100°C to 700°C). Serpentinites, being frictionally 
weak due to its structure, and composed of hydrous minerals, thus play a pivotal role in controlling the 
fault rheology in ocean and continental rift settings to subduction settings (e.g. Viti et al., 2018). Thus, 
depending on the type of serpentine mineral present and deformation mechanisms observed, paleo 
deformational conditions of a particular region can be discerned.  

Rakhabdev lineament, is a NW-SE trending belt belonging to Paleoproterozoic Aravalli Supergroup in 
north-western part of India (Roy et.al., 1988), primarily exposed around Rakhabdev and Kherwara in 
South eastern Rajasthan. This belt lies along the boundary between shelf facies (in eastern part) and 
deep-water facies (in the western part) (Roy et al., 1988; Gupta et al., 1997). There is a considerable 
debate over the evolution mechanism of the ultramafic rocks of this belt. One view suggested that the 
ultramafic rocks are component of dismembered ophiolite sequence (Gupta et al., 1997, Sinha-Roy 
1985) while other describes them as concordantly emplaced intrusions along the litho-contacts before 
and during first phase folding of the Aravalli Supergroup (Roy et al., 1988; Roy and Jakhar, 2002; 
Sharma, et al., 1988). Current study focusses on outcrop section exhibiting massive ultramafic body at 
the central zone bounded by the weakly deformed serpentinized layer, followed by strongly deformed 
serpentinized layer with pervasive calcite veins. The aim of the study is to describe the deformation 
mechanisms of antigorite and coexisted calcite as vein, thereby relating the evolution and deformation 
in the lineament.  

Raman Spectroscopic analysis were undertaken to identify the antigorite mineral type of the serpentine 
minerals. Petrographic observations from the thinsections of weakly deformed as well as strongly 
deformed serpentinite samples, shows prominent development of foliated layers. Few new antigorite 
grains are also observed that have formed in a later stage. SEM-EBSD analysis of the foliated antigorite 
suggests that the [100] is arranged parallel to the lineation. The calcite grains show the dynamic 
recrystallization probably activated by (0001) [1-120] slip system and shows orientations of sub-parallel 
to the dominant foliation. 

Therefore, the serpentinites have a deep crustal origin with syn- to post deformational calcite veins. 
Further studies could help in verifying ‘the dismembered ophiolitic origin’ of the Rakhabdev lineament.  

Keywords: Rakhabdev Lineament, Antigorite deformation, Fault rheology  

References: Gupta et al., (1997), Mem. Geol. Surv. India; Roy et.al., (1988) Mem. Geol. Soc. India; Roy 
and Jakhar, (2002), Scientific publishers India; Sinha and Roy, (1985), Bull. Geol. Soc. India; Sharma 
et al., (1988), Mem. Geol. Soc. India., Viti et al., (2018), Minerals. 
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Geochronology of assumed cratonal terranes in Mongolia 
Undraa Sergelen*, Yasuhito Osanai, Nobuhiko Nakano, Tatsuro Adachi, Tamir Battogtokh, 

Munkhdelger Bold (Kyushu Univ.), Jargalan Sereenen (Mongolian Univ. of Science and Technology), 
Dolzodmaa Boldbaatar, Bolormaa Tsogtbaatar (Central Geological Laboratory, Mongolia)  

Mongolia is located within the eastern part of the Central Asian Orogenic Belt (CAOB), 

surrounded by four major cratons: the Baltica, Siberia, Tarim and North China cratons (Windley et al., 

2007). Seven cratonal terranes have been recognized in Mongolia: Zavkhan, Tarvagatay, Baydrag, 

Ereendavaa, Gargan, Hutga uul and Tsagaan uul terranes (Badarch et al., 2002), and play quite important 

role to understand the develop process of the CAOB. This study conducted geochronological study of 

metapelites from the Zavkhan, Tarvagatay, Baydrag and Ereendavaa areas to re-evaluate their origin and 

metamorphic history through the combination of monazite and zircon dating methods. Lots of the age 

data were already published from these cratonal terranes, however it is still not clear about metamorphic 

age and detrital ages and even other geochronological characteristics in these terranes. To identify the 

origin of the metamorphic rocks and to compare with other neighboring terranes such as Tuva-Mongolia 

terrane and Siberia, Tarim and North China cratons. As results, metapelitic rocks in Zavkhan area 

showed detrital zircon ages of 750–950 Ma with minor ages older than 1000 Ma and metamorphic age 

of ca. 530 Ma. The age population of detrital zircon grains is comparable with that from Tarvagatay area 

with dominant 830–970 Ma ages although metamorphic age of ca. 795 Ma was recognized from the 

Tarvagatay area. The zircon grains in metapelitic rocks from Baydrag area provided detrital ages ranging 

from 1070 Ma to 2650 Ma and two metamorphic ages of ca. 560 Ma and 850 Ma. In Ereendavaa area, 

there are two types of metapelites, which are characterized by detrital zircon ages older than 1000 Ma 

with ca. 520 Ma metamorphic age and detrital zircon ages of 440–750 Ma with ca. 330 Ma metamorphic 

age. The former is possibly compared with Baydrag metapelites, while the latter exhibits unique 

geochronological affinity. In comparison with neighboring cratons, our detrital zircon ages of metapelitic 

rocks from the Zavkhan and Tarvagatay areas are similar to those from Tuva-Mongolia terrane and 

Tarim craton. In contrast, Siberian and North China cratons are characterized by the presence of detrital 

zircons with Archean to Paleoproterozoic ages which are rare components in Mongolian cratonal 

terranes (e.g. Rojas-Agramonte et al., 2011). It suggests no candidates from Siberia and North China 

cratons to compare with cratonal terranes, while the origins of Baydrag and Ereendavaa areas are still 

obscure. 

Keywords: Mongolia, cratonal terrane, geochronology 

*Corresponding authors: 2GS16061G@s.kyushu-u.ac.jp

170



R8-P09
日本鉱物科学会2018年年会講演要旨

The formation and chemical characteristics of corundum by metamorphic 

reactions in the Chimwadzulu mine, Ntcheu District, Malawi. 
Mayuko Fukuyama (Akita Univ.)* Moses Kachemwe (Malawi Geological Survey Department) 
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Estimation of probability of crustal thinning based on relative 

geobarometry 
Takeshi Ikeda* (Kyushu U), Kazuhiro Miyazaki (AIST) 

We propose a method to estimate probability of crustal thinning during exhumation of a metamorphic 

complex.  The crustal thinning in this study means a ductile shortening of vertical distance between 

the metamorphic rocks after the peak metamorphism.  The vertical distance at the peak 

metamorphism ( D) can be precisely determined by relative geobarometry provided that all the rocks 

attained the peak metamorphic conditions simultaneously.  The crustal thinning is evident when D 

exceeds the present geographic distance between them (L) without significant faults.  In other words, 

the pairs of two rocks having D/L larger than unity have experienced the crustal thinning.  In 

contrast, it is difficult to judge whether the pairs having D/L smaller than unity have experienced the 

crustal thinning or thickening.  This is because we cannot recognize the horizontal distance between 

the pairs at the peak metamorphism.  Alternatively this study evaluates probability of crustal thinning 

with respect to the horizontal displacement during uplift of D. 

   We firstly assume that the maximum horizontal displacement of the deeper rock relative to the 

paired shallower rock was same as the vertical distance, D.  The probability of crustal thinning is 

expressed as a function of D/L, and increases from ca. 50% at D/L = 0 to 100% at D/L = 1.  We 

secondly treat the maximum horizontal displacement as a variable x, which is normalized by L, i.e., 

x/L.  The probability of crustal thinning is then expressed as a function of D/L and x/L.  The 

probability at constant D/L decreases when x/L approaches D/L.  This suggests that the former 

evaluation provides approximately minimum estimation of the probability of the crustal thinning. 

Applying the present method may enable to specify the most thinned region in a single metamorphic 

complex. 

Keywords:  plausibility of crustal thinning, relative thermobarometry 
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* JAMSTEC  
Semi-quantitative analysis of fluid inclusions by micro-excavation. 

Kenta YOSHIDA*, (JAMSTEC), Akira MIYAKE (Kyoto Univ.) 

Yoshida et al. (2018) 
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FeAlO3 9 kbar 1050 °C

∗

FeAlO3 phase in the ultrahigh-temperature metamorphic rocks:
Experimental evidences from sillimanite–hematite and
sillimanite–magnetite systems at 9 kbar and 1050 °C

Toshisuke Kawasaki∗ (Ehime Univ)
This is the experimental report of the FeAlO3 phase found at 9 kbar and 1050 °C under the moisture con-
ditions. FeAlO3 phase coexists with corundum, sillimanite, SiO2-rich melt and vapour without hematite
from a mixture of sillimanite and hematite (weight ratio of 95 : 5) within the Pt capsule. In contrast, the
assemblage of FeAlO3 phase, magnetite–hercynite spinel, sillimanite, SiO2-rich melt and vapour was
found in the sillimanite–magnetite system (weight ratio of 86 : 14) within the AuPd capsule.

Fig. 1 SiO2–Fe2O3–FeO–

Al2O3 plot of chemical

composition of run products

within Pt and AuPd capsules

at 9 kbar and 1050 °C for 31

h under moisture condition.

Gls, glass. Sil, sillimanite.

SM, starting material. Spl,

spinel.
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Amphibole-melt disequilibrium in silicic magma of Aso-4 
caldera-forming eruption at Aso volcano, SW Japan 

Hidemi Ishibashi*, Yukiko Suwa (Shizuoka Univ.), Masaya Miyoshi (Fukui Univ.), Atsushi Yasuda, 
Natsumi Hokanishi (ERI, Univ. Tokyo)  

Keywords: amphibole, disequilibrium, Aso volcano, caldera-forming eruption, crystal mush 
Corresponding author: ishibashi.hidemi@shizuoka.ac.jp 
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草津白根山殺生溶岩中のシンプレクタイトに記録された
マグマ混合過程

上木 賢太* (JAMSTEC)・乾 睦子・岡本 直也・松永 健太 (国士舘大) 
Magma mixing process of the Kusatsu Shirane volcano, 

recorded in the symplectites 
Kenta Ueki* (JAMSTEC), Mutsuko Inui, Naoya Okamoto, Kenta Matsunaga (Kokushikan Univ.) 

We discuss the process during the evolution of the andesite magma of the Kusatsu Shirane volcano, 

central Japan, based on the symplectite in the Sessho-lava. We found that the symplectites record several 

stages of the reaction during the magma mixing. The result indicates that the injections of basaltic magma 

to the magma chamber beneath the Kusatsu Shirane were repeatedly events. 

ははじめに 安山岩の生成プロセスを知るこ

とは、大陸地殻の進化や、噴火準備過程の議

論のために重要である。本研究では、草津白

根山の溶岩に含まれるシンプレクタイトに

着目して、マグマ混合プロセスを論じた。草

津白根山は中部日本に位置する活火山であ

り、活動期を通して安山岩マグマが卓越する。

それらの安山岩は、縞状構造 (潮田, 2015, 

JPGU) や、オリビン斑晶内の玄武岩質包有

物 (山口ほか, 2005, 地球科学) など、マグ

マ混合の明白な証拠を示す。 

サンプル 本研究の対象となる殺生溶岩は、

本白根山の鏡池火口から約5000年前に噴出

した (濁川ほか, 2016, JPGU)。溶岩全体か

ら試料を採取し、斑晶の記載および化学組成

分析を行った。斑晶は、両輝石、斜長石、オ

リビン、磁鉄鉱、そして、輝石と磁鉄鉱で構

成されるシンプレクタイトからなる。 

結果と考察 本研究ではこのシンプレクタ

イトに着目した。平均組成やストイキオメト

リーから、このシンプレクタイトはオリビン

が起源であることが分かる。シンプレクタイ

ト化の度合いおよび元素の拡散プロファイ

ルから、シンプレクタイト化反応は、オリビ

ン→オリビン+輝石反応縁→オリビン+シン

プレクタイト+輝石反応縁→シンプレクタ

イト+輝石反応縁の順序で進行したことが

分かった。輝石温度計の結果などは、この反

応はメルト中で起きていたことを示す。シン

プレクタイト化は、マグマ混合による、苦鉄

質端成分マグマ内での酸素雰囲気の上昇に

よって生じたと考えられる。様々な反応進行

度のオリビンが共存していることから、草津

白根山地下では、安山岩マグマだまりへの繰

り返しの玄武岩質マグマの注入と混合が起

きてきたことが示唆される。 

Keywords: magma mixing, andesite, Kusatsu Shirane, active volcano 
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Origin of composite pyroxenes and crystal habit change of pyroxene 
microcrystals in the 2011 Shinmoedake eruption 

Shota Okumura*, Junya Matsuno, Akira Tsuchiyama, Akira Miyake (Kyoto Univ.), 
Mayumi Mujin (Tohoku Univ.)
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Volcanology and Geothermal Research, 257, 
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[3] Mujin M., et al. (2017) American 
Mineralogist,  102, 2367–2380. 
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In-situ FE-SEM observation of Fe-oxide crystallization in a magma 
Mayumi Mujin*, Michihiko Nakamura (Earth. Sci., Tohoku Univ.), 

nm

Mujin 
and Nakamura, 2014, Mujin et al., 2017

Di Genova et al., 
2017

cryo-TEM

Baumgartner et al., 2013

pH2O

FE-SEM JEOL JSM-
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Keywords: nanoparticle, groundmass, Fe-oxide, undercooling, volcanic glass 
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Magnetic susceptibility of volcanic ash: an evaluation in the 
Shinmoendake 2017-2018 eruption 

Ekky Reno Priyambodo*1, Mayumi Mujin1, Michihiko Nakamura1, Sarina Sugaya1, Tomomori Toma1, 
Keiko Matsumoto2, Kazunori Takahashi3, Ryusuke Imura4, Taketo Shimano5, Hiroto Hiramine6 

1: Tohoku University 2: Geological Survey of Japan, AIST 3: Oyo Corporation 4: Kagoshima University 
5: Tokoha University 6: Kajiki Junior High School 

The volcanic activity may be better understood and thus prepared if we combine petrological and 
mineralogical knowledge on magmatic conditions with geophysical, geological and geochemical 
information. Compared with geophysical approaches, erupted material-based methods to evaluate 
volcanic activity in near real time have been poorly developed. In volcanic rocks, amount of magnetite 
chiefly changes their magnetic susceptibility behavior. The modal composition of magnetite presumably 
decreases in post-magmatic processes such as high-temperature oxidation and hydrothermal alteration. 
Shinmoedake of the Kirishima volcano, Kyushu Japan, resumed its eruption in October 2017 after 
dormancy for about six years since the last eruptions in 2011. The volcanic activity of the Shinmoedake 
in 2017 2018 started from phreatic eruption, increased through phreatomagmatic to magmatic. The 
chemical composition (and modal composition of magnetite phenocrysts) of magma was expected to 
have (and is not) changed significantly from that in 2011. Therefore the 2017 2018 Shinmoedake 
activity provides us a rare opportunity to test the feasibility of magnetic susceptibility for monitoring 
volcanic eruption transition. The sample was collected during or right after the explosion/ash emission 
with high precision time records and chronologically ordered.  

Magnetic susceptibility was measured using Bartington MS3 Meter with MS2G Single Frequency 
Sensor (1.3 kHz). The samples were packed into a 1 ml tube container. Measurement results were 
converted from volume susceptibility (κ; dimensionless) to mass susceptibility ( ) by dividing κ 
with density ( ). Identification of juvenile, oxidized, and altered fragment from 2011 eruption shows 
distinct susceptibility values. The susceptibility of juvenile end-member is 10 to , while the 
altered and oxidized end-member ranges from 2 to . An oxidation experiment, simulated by 
putting pumice sample into high-temperature (900 ) furnace, susceptibility decreased gradually as a 
function of time.  

The erupted materials in October have low susceptibility range ( ) while those in March 
have a higher range ( ). The susceptibility of ashes in March started with low value 
(  ) and gradually increased with increasing volcanic activity. In May, the susceptibility 
retains in the high value ( ). The low susceptibility in early October is consistent 
with the abundance of oxidized and altered materials. Increasing magmatic activity in March leads to 
juvenile domination which resulted in the susceptibility increase. The highest susceptibility of the May 
sample indicates that the crater and shallow conduit are still filled with a high-temperature magma with 
increased groundmass crystallinity without oxidation or hydrothermal alteration.  

This study suggests that magnetic susceptibility is a possible indicator to identify post-magmatic 
processes (oxidation and hydrothermal alteration) and increased proportion of juvenile components 
when a pure eruption magmatic phase is approaching, on condition that the modal compositions of 
magnetite phenocryst are constant.  

Keywords: magnetic susceptibility, volcanic ash, eruption monitoring, magnetite 
*Corresponding author: priyambodo.ekky.reno.s4@dc.tohoku.ac.jp
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( ) ( ) 
Ash petrology on non-juvenile fragments in pyroclastic deposits: an 

example from Azuma volcano, Fukushima, North-eastern Japan 
Takumi Imura *, Tsukasa Ohba (Akita University) and Kenta Horikoshi (Fukushima Pref. Police) 
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Keywords: Azuma volcano, subvolcanic hydrothermal system, lithic fragment, hydrothermal alteration 
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The evaluation of the compositional variation in a single rock 
suite revealed by grid sampling 

Kazuki Minami  (ERI), Kenta Ueki (JAMSTEC), Tsuyoshi Iizuka (Univ. Tokyo),  

Sanshiro Enomoto (Univ. Washington) and Hiroyuki K.M. Tanaka (ERI) 

We collected rock samples from Inada granite, Kasama city, Ibaraki prefecture in order to evaluate the 

variance of chemical compositions in the single rock sample ( 500g). The sample was subdivided into

several cubic samples with a weight of about 25g, and chemical composition of each cubic samples were 

analyzed. As a result, wide compositional variations in a single rock sample such 73 77 SiO2 wt% 

were observed. 

Keywords: 
*Corresponding author : kminami@eri.u-tokyo.ac.jp
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Fluid inclusion as a potential geobarometer: in-situ evaluation of fluid 
inclusion re-equilibration processes

Yuuki Hagiwara* (Hokkaido Univ.), Junji Yamamoto (Hokkaido Univ.)

During laboratory experiments and exhumation processes, the initial information of a fluid inclusion 

is overwhelmed by various confounding factors such as elastic-plastic deformation, decrepitation, 

diffusion, and reactions between the fluid and host mineral. Theoretically, these factors can be detected 

by slight changes in fluid density. Precise measurement of the fluid density at an arbitrary temperature 

and pressure is expected to elucidate the physicochemical characteristics of paleo-crustal and mantle 

fluid. We investigated the relations among temperature, density, and Fermi diad split of CO2 Raman 

spectra using natural almost-pure CO2 fluid inclusions.

CO2 2
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CO2

3 1) CO2

2 CO2
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1%
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Key words: Fluid inclusion, Raman spectroscopy, Geobarometer, Mantle xenolith, Carbon dioxide
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Water diffusion in silicate glasses: glass structure effect 
Minami Kuroda* (Hokkaido Univ.), Shogo Tachibana (Univ. Tokyo, Hokkaido Univ.) 

We discuss water diffusion in silicate glasses considering the glass structure and viscosity. Water and 
network modifier cations in silicate glass can change the glass structure and viscosity, and can affect 
the activation energy for molecular water diffusion. With taking the effect of glass structure into 
account, we conclude that a fundamental atomistic process for water diffusion in silicate glasses is 
likely to be the same irrespective of the glass chemistry.

1.

 

2.
Kuroda et al. (2018) 

Si-O-Si

 

pre-exponential 

factor (D0) 4
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Keywords: water, diffusion, silicate glass, diffusion model 
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Fajar Febiani Amanda
Amount of Geofluids into the Earth’s Crust 

Working Hypothesis for Water Budget  

N. Tsuchiya, M. Uno and F. F. Amanda (Tohoku Univ.) 

Supercritical geothermal fluids, which was mostly derived from the lower crust  and 
upper mantle,  could be evaluated in terms of present volcanic activities, thermal structure, 
dimension of hydrothermal circulation, properties of fracture system, depth of heat source, 
depth of brittle factures zone, dimension of geothermal reservoir. The deep-seated 
geothermal reservoirs beneath calderas have high potential for their use as mantle derived 
geofluids. Magmatic processes ongoing during the formation of the caldera itself provide 
significant geological evidence for water budget into the Earth’s crust. With an assumption 
that such amount of water supplied to the magma chamber continuously during certain 
periods of time, the average water input to the crust supplied by the subducting slab is 
estimated to be 10-20 (average 15) ton/year/meter arc length. 

(Kimura and Nakajima, 2014   
2

water budget  

H2O 5.6-5.0 wt %
3.7wt%

1.9-1.3wt%
(Uno et al., 2017)  

15 ton/year/meter
  

J. Kimura and Nakajima, J.  (2014), GCA, 
http://dx.doi.org/10.1016/j.gca.2014.04.019  

Uno, M.. et al., (2017) Lithos, http://dx.doi.  
org/10.1016/j.lithos.2017.04.016 

Keyword: Supercritical geothermal resources, 
Water Budget, Caldera, Magmatism 
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 1, *,  2, 3,   3,  3, 4 (1

, 2 , 3 , 4 )

Saline fluid inclusions in magnesite of listvenite in Ethiopia: 
Carbonization through seawater-serpentinite interaction 

KAWAMOTO, Tatsuhiko 1 *, TSUJIMORI, Tatsuki 2,3, SHINJI Yuzuki 3, SOFIYA, Ayano 3, 4 (1 Inst 
Geothermal Sciences, Grad School Science, Kyoto Univ, 2 Center Northeast Asian Studies, Tohoku 

Univ, 3 Dept Earth Science, Grad School Science, Tohoku Univ, 4 Geological Survey Ethiopia) 

Raman microscopy and microthermometry of saline fluid inclusions in magnesite (2.3% NaCl) suggest 
that serpentinite reacted with seawater to form listvenite (magnesite, talc, quartz) at 210°C. 

  

Sophia (2017, Int Geol Rev) 
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Ca-metasomatism of the Mantle Wedge: an Example from the 
Khantaishir Ophiolite in the Chandman area, Western Mongolia 

Otgonbayar DANDAR*; Atsushi OKAMOTO; Masaoki UNO; Noriyoshi TSUCHIYA 

Graduate School of Environmental Studies, Tohoku University 

Hydration and metasomatism of mantle wedge 

are thought to cause drastic changes of 

mechanical properties of plate interfaces and to 

cause melting associated with arc volcanism. In 

this study, we report outstanding alteration 

textures of orthopyroxene as an evidence for 

significant Ca-metasomatism from the ultramafic 

bodies in the Khantaishir ophiolite, the 

Chandman area, western Mongolia. The 

ultramafic rocks are exposed close to eclogite 

body and interpreted to be mantle wedge origin 

(Štĭpská, et al., 2010; Gornova et al., 2017). The 

peridotites consist of primary olivine (Ol), 

orthopyroxene (Opx), clinopyroxene (Cpx), and 

spinel. The peridotites were suffered by 

metasomatism and hydration to produce 

secondary olivine (S-Ol), secondary Cpx, 

amphibole, serpentines (mainly antigorite, and 

locally lizardite and chrysotile), magnetite, as 

well as locally chlorite and epidote. 

Metamorphic processes are dominantly 

observed in the Opx grains whereas primary Cpx 

is not show any alteration texture. Opx is divided 

into coarse type (1.5-6.0 mm) and fine type 

(200-300 μm). Rims of fine type Opx were 

replaced by fibrous Cpx grains, whereas the 

coarse type Opx, which has the exsolution of Cpx, 

possesses thin pseudomorphic rim consisting of 

S-Ol, tremolite and fibrous Cpx. Bastite is 

composed of antigorite core and diopside or 

amphibole rim. Reaction progress is indicated 

by the volume fraction of replacement to Opx, 

Yrep, with the following detail: extent of the Opx 

breakdown reaction is commonly high 

(Yrep>0.60) in peridotite body.  

Microstructures and mass-balance 

calculation suggest that (1) Ca and water are 

gained and other elements are lost during Opx 

replacement, and (2) Since the primary Cpx 

grains were well preserved, the source of Ca 

could not be Cpx, but derived from the external 

sources. The nature of hydration of the 

peridotites in the Chandman area is quite 

different from the serpentinized harzburgite in 

the Naran massif (another ultramafic body of 

the Khantaishir ophiolite), where no signature 

of Ca metasomatism. We will discuss the 

relationship between the eclogite bodies and 

mass transport of the mantle wedge in the 

Chandman area. 

Keywords: Ca-metasomatism, Mantle wedge, 

Orthopyroxene alteration 
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Pore throat network by feldspar replacement with potassium-rich 
fluids on the top of granitic magma during supercritical fluid 

processes 

Astin Nurdiana1*, Atsushi Okamoto1, Masaoki Uno1, Kenta Yoshida2, Noriyoshi Tsuchiya1 

1. Tohoku University, Sendai 980-8579, Japan

2. Japan Agency for Marine-earth Science and Technology, Yokosuka 237-0061, Japan

Fluids play essential roles on transports of energy and elements in the crusts. Since the rock permeability 

is low in the matrix, fractures act as dominant fluid pathways in the crusts. Recently, such simple view 

of fluid flow within the crust has been challenged by the finding of nanoporosity during feldspar 

replacement (Plümper, et al., 2017), yet it is still unclear how the presence of nanoporosity is common 

in the crustal environments. In this study, we report novel pore structures, that is developed within 

plagioclase in the hornblende schist. 

The Kinkasan Island, which is located in the southern Kitakami mountains, mainly consists of the 

Cretaceous granitoid bodies with abundant pegmatite dikes, and metamorphic sequences, including 

hornblende (Hbl) schists and biotite schists. The P-T conditions of quartz diorite and metamorphic rocks 

are estimated to be 700-750°C and 610-660°C in 0.37-0.42 GPa, respectively. The Hbl schists are often 

cut by thin alkali feldspar veins in the direction perpendicular to the foliation. In the matrix, the original 

plagioclase grains (An48Ab52Or0) are commonly replaced by patchy grains of albite (An4Ab94Or2) 

and alkali feldspar (An0Ab1Or99). The mass balance analyses of the texture indicate the gaining of Si 

and K and losing of Ca and Al, with almost fixed Na. The detail observations by FIB-SEM reveal that 

this replacement processes yield the 

large number of porosities with the 

throat size of ~0.1 – 5 μm (Fig. 1). 

These pores preferentially formed 

along the grain boundaries of newly-

produced albite formed 3-D pore 

networks and increased the porosity of 

the rock up to ~2%. These textures 

suggest that the self-generation of 

porosities during replacement induced by infiltration of reactive fluids.  

Reference: Plümper et al., 2017. Nature geoscience, 10, 685-690.  

Keywords feldspar replacement, pore throat network, potassium-rich fluids, fluid transport, FIB-SEM 
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Figure 1 BSE image of the excavated plagioclase

using the FIB-SEM technique.
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Dependency of reaction rate and deformation rate 
on reaction-induced stress during hydration: 
Experimental study in MgO - H2O system 

Hisamu Kasahara*, Masaoki Uno, Atsushi Okamoto, Noriyoshi Tsuchiya 

(Graduate School of Environmental Studies, Tohoku University) 
To understand difference modes of fracturing during water-rock reactions, it is important to understand 
reaction-induced stress during hydration. In this study, experiments were conducted using periclace 
(MgO) to investigate temperature and grain size dependency of reaction-induced stress during hydration. 
From this result, the relationship between reaction induced stress, reaction rate and deformation rate is 
discussed. 

(Kelemen and 

Hirth, 2012)
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-
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-

Keywords : hydration, reaction-induced stress, reaction rate, deformation rate 
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*  ( ) ( ) 
Hydrothermal alteration beneath Owakudani area and the 2015 eruption 

of Hakone volcano
Koichiro Fujimoto*, Yui Fukazawa (Tokyo Gakugei University),

Kazutaka Mannen (Hot Spring Res. Inst. Kanagawa Pref.)
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Reaction process and mass transfer of basalt in supercritical condition 
Yusuke Netsu, Atsushi Okamoto, Nobuo Hirano, Masaoki Uno, Noriyoshi Tsuchiya 

(GSES, Tohoku Univ.) 

We conducted the hydrothermal flow-through experiments on basalt-water, gabbro-water interaction 
under supercritical conditions to reveal the relationship between mass transfer and reaction processes in 
the seafloor hydrothermal systems. In the basalt-H2O experiment, notable spatial variations of products 
mineral were observed in basalt, including grossular formed preferentially in the groundmass, and porous 
anorthite by preferential leaching of albite component. Our experimental results, PCA analyses, and 
speciation calculations suggest that preferential dissolution of specific minerals and resulting pH change 
controls the progress and pathway of the reactions. 
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*  
Reconsideration of chloritization mechanism of biotite in granite by 

hydrothermal alteration 
Ishii Takahiro, Kogure Toshihiro*, Kikuchi Ryosuke (Univ. Tokyo), Yuguchi Takashi (Yamagata Univ.) 

Chloritization process of biotite in granite has been investigated, by analyzing both the crystal structures 
and chemical compositions of biotite/chlorite. As a result, a new insight for the chloritization, 
simultaneous occurrence of the two transformation mechanisms (inheritance of 2:1 layer from biotite 
and complete dissolution-precipitation), is proposed.  

Veblen and Ferry, 1983; Eggleton and 
Banfield, 1985; Kogure and Banfield, 2000

 (Yuguchi et al., 2015)
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Hydrogen diffusion in fluorapatite 
Yoshinori Higashi*, Shoichi Itoh (Kyoto Univ.) and Isao Sakaguchi (NIMS) 

1.
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Time scales of Cl-bearing fluid infiltration estimated by multiple trace 
elements profiles for granulite/amphibolite-hosted reaction zones, 

 Sør Rondane Mountains, East Antarctica. 
Diana Mindaleva*, Masaoki Uno, Fumiko Higashino, Atsushi Okamoto, Noriyoshi Tsuchiya 

(GSES, Tohoku University) 

Fluid transport in the Earth’s crust is important for tectonic evolution, ore deposit formation 

and geothermal activities. Aqueous fluids flow could be responsible for changing hydrologic and 

thermodynamics properties of rocks and triggering earthquakes. Metamorphic fluid transport cause 

significant geochemical changes in the whole rock composition and provide redistribution of elements, 

especially fluid-mobile elements such as Na, Ca, K, Sr, volatiles and REE.  

Time-scales of fluid infiltration events in the crust and mantle remain largely unknown, 

suggesting a wide range of uncertainties. Several authors suggest very short time of fluid infiltration. 

For example, John et al. (2012) suggested ~200 years using Li-Ca-Sr isotope system for subduction zone 

fluids released by dehydration in a series of short pulses. This study aims to clarify Cl-bearing fluids 

infiltration at crustal conditions by multiple trace elements profiles in apatite from fluid-rock reaction 

zones in the mafic granulite and amphibolite samples from Mefjell, south central part of the Sør Rondane 

Mountains (SRM), East Antarctica, collected in JARE-51. Mafic granulite and amphibolite are partially 

hydrated along veins at 750-620 MPa and 650-500 °C, and associated with mm-sized hydration reactions 

zones. Samples were divided into vein, reaction zone and host rock domains by hydrous minerals mode 

variations and reaction textures.   

We have utilized distributions of Cl in apatite along reaction zones, to estimate mass transport 

mechanism and time-scales of fluid infiltration by applying a reactive transport modelling in mafic 

granulite and amphibolite samples. Extremely short duration of fluid infiltration was estimated, and is 

5.5 h for mafic granulite (diffusion dominant), and 1.5 h for amphibolite (advection dominant). In this 

presentation, we further used trace elements (Sr and some REE) profiles to testify the previous results 

and insight into multi-element behavior during water-rock interaction. Trace elements concentrations in 

apatite was measured by EPMA and LA-ICP-MS. Chondrite-normalized REE pattern in apatite shows 

enrichment in light-REE, a typical metamorphic profile with no anomalies. We observed characteristic 

pattern for Sr, La, Ce, Pr, Nd with distance from the fracture. This concentration profile was used to 

model fluid infiltration and calculate time-scales based on reactive-transport profile. The results clarify 

different behavior of trace elements during fluid infiltration in lower-middle crustal conditions.  

Reference: John et al. (2012) Nature Geoscience 5(7), 489.  

Keywords: mass transport, reaction zone, time-scale, fluid infiltration 
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Rapid subsolidus reaction between jadeite and spodumene 
in the presence of trace H2O 

Naoko Takahashi1*, Takayuki Nakatani1, Tatsuki Tsujimori1, 2 and Michihiko Nakamura1 (1Dept. Earth 
Science, Grad. School of Science, Tohoku Univ., 2Center for Northeast Asian Studies, Tohoku Univ.) 

Recent studies on natural rocks and some experimental systems have revealed that chemical reactions 

at subsolidus temperature are enhanced in the presence of free H2O (Plümper and Putnis, 2009; 

Hövelmann et al., 2010). In 'natural' crustal rocks in subduction zone environments, however, it is not 

clear how much free fluid exists and to what extent subsolidus reactions are enhanced by the presence 

of fluid. In order to investigate the effect of trace amount of H2O on subsolidus reaction kinetics, we 

experimentally studied the equilibration mechanism of jadeite (Jd: NaAlSi2O6) and spodumene (Spd: 

LiAlSi2O6). A gem quality Jd single crystal from the Motagua mélange (Guatemala) was used for the 

piston-cylinder experiments. The Jd (1×1×2 mm) was placed in natural Spd powder (a few μm in 

diameter) without adding free water; A Pt-lined Ni capsule containing these pyroxenes were pressure-

sealed at 2 GPa and then heated at 700°C for 72 hours and at 800°C for 48 hours. Polished cross sections 

of the run products were observed with an optical cathodoluminescence (CL) microscope and SEM, and 

analyzed with EDS and WDS. At the surface of Jd crystal, we found a reaction zone ~25 μm in width is 

formed having a sharp interface with the relict Jd crystal. Optical CL microscopy revealed that the zone 

emitted yellow CL, while original Spd and Jd are characterized by pink and red/blue CL emissions, 

respectively. Small polyhedral pores partly filled with K-rich melt-like inclusion exist in the reaction 

zone. Those at the reaction front are relatively large. The reaction zone has an intermediate composition 

with a clear compositional gap from Jd while continuous to the surrounding margin of Spd grains. A 

linear compositional gradient from approximately Jd60Spd40 (Jd side) to Jd40Spd60 (Spd side), rather than 

a gradual diffusion profile, exists within the reaction zone. These characteristics indicate that the mineral 

replacement via dissolution-reprecipitation rather than a diffusive Na–Li exchange occurred. A simple 

calculation of characteristic tracer diffusion distance of Li in Cpx infers that the reaction velocity is not 

consistent with the diffusion model. Veined Jd generally contains trace amount of hydrous components 

up to several hundred μg/g as hydroxyl and/or fluid inclusions (e.g., Andrut et al., 2011). In fact, a small 

amount of fluid inclusions is contained in the Guatemala Jd. Our present results reveal that even trace 

amount of water may work as a solvent and enhance rapid mineral replacement at subsolidus conditions. 

Keywords: dissolution-reprecipitation, mineral replacement, subsolidus reaction, jadeite, spodumene 
*Corresponding author: naoko.takahashi.t1@dc.tohoku.ac.jp

194



S2-P01
日本鉱物科学会2018年年会講演要旨

(KBr)
KBr

KBr
KBr

30 m

ATR  (
Attenuated Total Reflectance method)

ATR

1 20 ppm
ppm

3000 4000 cm-1

ATR
1 m

3700 cm-1 OH

ppm
ATR

3000 4000 cm-1

H2O

OH
ATR

Verification of water detectability in minerals by ATR method 
of micro infrared spectroscopy 

Yui Kouketsu* (Nagoya Univ), Yuki Kakihata (Shizuoka Univ.), Kenji Shimizu (JAMSTEC), 
Katsuyoshi Michibayashi (Nagoya Univ.), Simon Wallis (The Univ. of Tokyo) 
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JOGMEC  
Kinetic study of phase transition of amorphous silica under sub- and 

supercritical conditions. 
Takamasa Niibe1*, Atsushi Okamoto1, Takashi Amagai2, Noriyoshi Tsuchiya1 

(1Graduate School of Environmental Studies, Tohoku University, 
2Japan Oil, Gas and Metals National Corporation) 

Solubility of quartz changes greatly depending on temperature and pressure. 
Hydrothermal experiments for understanding silica precipitation and dissolution 
including phase transition were carried out under sub- and supercritical conditions. In the 
result, amorphous silica changed into cristobalite within 5 days on 350  and 400 .   
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Reference: [1]Weatherley D. K. and Henley R. W. 
(2013), Nature Geoscience, 6, 294-298. [2]Amagai et 
al. (2018), Japan Geoscience Union Meeting 2018 
abstract.

Keywords: amorphous silica, silica transformation, flash vaporization, kinetics of silica 
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*

Biotite in olivine gabbros from Atlantis Bank, SW Indian Ridge: 
Evidence for amphibolite-facies metasomatic alteration 

T. Akitou, T. Nozaka* (Okayama Univ.) and N. Abe (JAMSTEC)

Olivine gabbros from IODP Hole U1473A and ODP Hole 735B at Atlantis Bank contain 
significant amounts of biotite and biotite-chlorite (B/C) mixtures in coronitic aggregates 
around olivine grains. The B/C mixtures are different from previously reported chlorite-
smectite mixtures in K content and crosscutting texture. The close relationship of the 
coronitic biotite with felsic veins, the high F contents of biotite, and estimated 
temperatures for amphibole and vein formations suggest a widespread amphibolite-facies 
metasomatic alteration caused by felsic magmatic fluids in the lower oceanic crust. 
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An experimental study of the replacement of halogens 
in apatite hydrothermal reactions at 350 450℃ 

Naoki Sugisawa *, Fumiko Higashino , Masaoki Uno , Atsushi Okamoto , Noriyoshi Tsuchiya
( Graduate School of Environmental Studies, Tohoku University) 

Apatite has characteristic properties that interact with the fluid through replacement reaction of a 
ternary solid solution and is used as a tracer of fluids in the rock. However, the mechanisms and time-
scale of apatite replacement at crustal P-T conditions have not been well constrained. In this study, F-
Ap was tried to be replaced by Cl-Ap under crustal condition to elucidate the time scales of fluid-rock 
reaction. Thermodynamic calculation of the reaction suggested that the replacement reaction is largely 
involved in the fluid/rock ratio and the pH of the solution. 
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