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7y VRETAY X EICERT D
v MVEEEERWISRE-ENERDET
KIES O 5, BRIy (AR - K, RGN (BRUK - Hizk),
AEEERK (BRRAK - BhAR), )15 (BRK - HuRK), DAREE (UK - ABR)
Reconstruction of pressure-temperature history using mantle xenoliths

from Aitutaki Island, Cook Islands
Chihiro Ohshima*, Norikatsu Akizawa (AORI, Univ. Tokyo), Yuto Sato (Univ. Tokyo), Teruaki Ishii
(Shizuoka Univ.), Akira Ishikawa (Tokyo Tech.), Tetsu Kogiso (Kyoto Univ.)

XC®HIi
WEHERICERT 20 A0 AR, 1
HUYRT 2T OBWEERST Y ) A7 =27
EDOMEAERICET 2HEEEZ RO 572D
HELWEMERIR CH D, KU TIE, 7
v IRRT A Y XX BITET DEERDA
D A O W TR E-TE A B RE D18 T
ATV, T A XX BRI %bohﬂv>
~ IR EFHE R LT~ MBI A
AF I A EEHTS.
WG & s A
TAYEXBIERMAVIEY v 7 EBICE
L, WABAERZ7 2 FA ba2ERETD
KL & BRREDS B K D I AEAT 18 km> D UELE
BEThb. mEC_EOEKEINESLNT
0 (1.9-1.4Ma & 9.5Ma; Rose and Koppers,
2019), A D AETIES ITE VR DS
HFIZHET 5.
RIFGETHW = A B BT E 132058
B bHemn b5 emBEO KX &
EEL, LIV TA RNV R—=TU A
M Ens. LAY 74 M, HumiZ
EORRI IR BIREE+ A b A HRESA +
A BRIV DHRERL S A 2 Ry B 7 AR S5 ) 4R
& 1K (Fine-grained mineral aggregate: FMA) %
BEATVAD. FMALL, HLEc Az O
Fhem L AR o 7o 7 v LA B RV &
BLBEMRH D, —FH, "I NRN—=T A b
IIFMA%Z G $£7, AMRE L TAER L ES
T
g
FMA® FEZ )L 7 fHELZEPMAZ VW Toy
L7z, £72, ETHMK 2 LA-ICP-MS %
FAWTHON Lz, FMAD L7 #LpkIE, &
TN BAEPICEEND NAf v —
A E LY 7 n aOMR S IFIE K LT,

Keywords: xenolith, mantle, nephelinite, olivine, pyrope
*Corresponding author: ohshima@aori.u-tokyo.ac.jp
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T, METEMK LT 7 e ahibAs
HIZEEND Y7 v A ORI 8B 1
HICE AT Z /R LTz, 1o T, FMAIX
P v aORRERM THDH EEBEZLND.

XRF % TR & 04T L 7o
% LAY S RN R—=T v A ORI

@HE@iﬁ4KaL%HEE0>ﬁ%b‘ﬁ> bz, Lb
VT4 MIAL ITETeA(3.2~53 wt% ALO3),
*ﬁfﬂw/AwV¥4biMiibw
(03~13 wt. % A1203)

NV NR—=T % A FERLILY T A M
OHEES & A I SRR AR R
REENRBO L. FDRE— 2 DRI S
BB E-E BN ESR I, ~vY
N—=T % A FCIE, BpEA & B A D2
TG U LT D> TALE Cras i L
7. F72, HANES ClXCanS 42 —
7, EGEA TIECans B Lz, vovy
T4 N OHEENER TIE, CalCrda T by
LIZE D> T—EHEMLZ05 U AT
YFLEMFRO RS — 2 FR L, AlZa T )
B U BT CTHFIHMN L. FsEt o’
FREAITZ T 0 U AT D> TCalk Crd
HFREEM L 7.

Eg

T A XX FHIITE R DIEE-E R A
Fio, D7 22FEEHONA L TS
DPEHT 5. A O REAEENT ORI 5
NV R— T A NI BB EI R
Ehi-. — 5T, FMAZET, bebeW
JOuAEGELTWZEEZLND LAV T
A bTUE, IBE BB D WVITEDED R
SNTEY, BfERX Y v 7 2rnd a2
FEER & BR T D AREMED B B .

ARFEFRTIL, TNENOFES O H AL
“EN A MEIREEIE N OHEEL, LV E
BENEREITD.
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HRE-NNER-T ) TFHID A )L FEFY (40 Ma) DFERK:
Hamada et a/. (2020) D& ;T

HeH BSG (MBEFERFZEER 38 M) *, Philipp A. Brandl (/L A 7RV MEEERFSE
. #—), Ivan P. Savov3 (1 — X K*%)

Melt inclusion compositions of proto-Izu-Bonin-Mariana arc (around 40 Ma):
Updating Hamada et al. (2020)

Morihisa Hamada (Japan Agency for Marine-Earth Science and Technology), Philipp A. Brandl
(GEOMAR Helmbholtz Centre for Ocean Research Kiel), Ivan P. Savov (University of Leeds)

MREEN

2014 FZAT 7= [E B G ER H R 5

(IODP) #F 351 WkfifiiEClL, A3 Al
NP1 - U1438 (27°23'N, 134°19E, /KiE
4700 m) (ZBWT, HPFE/NER-~ U 7
i (A7 IBM GI0) o K itk HEFE g o3 =
TREINERIR SN, Fox ik, KEHEREY
J& Unit IT1(30—40 Ma; Arculus et al, 2015,
Nature Geosci.) @ AL NAEY O AR
F—2 IS E, I IBM MO KIEEN D2
BEBA#H#H L7~ (Brandl et al, 2017, EPSL;
Hamada et al., 2020, J. Petrol.).

Hamada et al (2020)1%, Unit II =7
e DO AV NAEY O T — & &
Wattr L, (1) =~V vFLTEY, hh
U LRHNIT, VLT A RRINDZE L
FZRd~ 2~ (30—38Ma) ;(2) =V v
FLTEY, FHUTALARIIT, AT T IV
B RINOME Ly RERdT~ 7~ (30—
39Ma) ;(3) 77UV —hrLTEY, KHV D
LRHBNT, AT TAHAYRIIOSE L
K& R4~~~ (35—40Ma) L9 35D
~ T~ A TERHLE (M1). 7=7ZL, 38
Ma LV & EVERD AL NAFEMOTF — X
B TR TWE=T20, ThFno~
72 A 7 OHEBLRHGRE (38 Ma, 39 Ma,
40 Ma) IZIEWDRH D0 E 9 NIRRT 7.

AFELTIE, ¥ 40Ma DERD AV MA
¥ 10 {8 O TS5y TeBRRL OB 3T 21T -
AR ERETD.
HH Lot FiE

A b U1438 a7kl o5, 39—41
Ma DR (I 1200— 1311 mbsf) @ A
b NEAEW 10 RO ERS LHEF K E EPMA

ZHWTHHT LTz, #riElX Hamada et al,
2020) DEY ThHD.

=R

39Ma & 41 Ma D A )V MAEMIFA) D~ 7
~ &, £72 40 Ma O AV MEIHEBIX(3) D~
7~ LR TN TR —E LTz, (1)
D~ 7<% 41 Ma UHINSEH LTz s
Ezbh5. 3D~ ~<1b, 40 Ma LRI 5
BHLTWEEEZDLIONRARTHS. (2
D~ 7 =IZHOWTIE, BINHT L7k
IERRD BV o 723, iy IBM Lok (L~
gy MAITY LT A RRINE TN T IVT
U RHND i~ 7~ X RER NI I F LTS
Ff LTV D HEA (Hx X Kanayama et al,
2014, J. Asian Earth Sci.) & E3 5 &, (1)
LRy~ 7~ b RIRHICIEE 2 Bids L Tk
FLTELEEBEZDDONRZYETHA .

30 Ma

35Ma - - -

1 HIBMANIZEFE 32075 <44 T
D HIREFEA (Hamada et a/. (2020) £ 2K %)

Keywords: Izu-Bonin-Mariana arc, International Ocean Discovery Program (IODP), melt inclusion

*Corresponding author: mhamada@jamstec.go.jp
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KAMATHMIIEFENDSTITED
XL S HETE SN S ZHRAKILEH I DL FRE S

FLIIEREE (X)) « % (KFT)

PSS GRK)

- L (KFT)

Geochemical variations in eruptive products of Sambe volcano based on

correlations of tephra layers in drill cores from Lake Suigetsu
S. Maruyama* (Doshisha University), T. Yamashita (KFT),
T. Hirata (The University of Tokyo), T. Danhara (KFT)

kU BEH L ZHUNBIR T 7 T
Witk &K a7 o7 7 75 EKB-
20-07; Maruyama et al.,2019){Z B L T, #Ak
T CHRIR S 2 NRIRT 7 7B &
OKING » 27 7 730t O B a R & |
SHUNRIRT 7 o kiUl T A Db
A HE S & 5t 21T o 72, B-20-07 OFEAF
FORFET, =KL ERIRE 357 7 711X
GENRVEANVEESEND R E KIUE
rET 7SN I EERET DL
DTH-o7T2, £72B-20-07 IZ&FENB KL
T ADALFRARRINE T X A NI RS A R
T O LT, RO = NRIRT 7 Z
DOHLOIE, ZHERBLOSBAKRT 77 D

DIZLE > T, FET X h A SR R
L7z (FD, HAFH - ALZHOFREN D
Albert etal. (2019)23"M8 L 7= X 512, B-20-07
MRIUNE » 7 7 T 2% S35 A REME N
RtEnz, LnrLians, Kiugr B 7
FIEME H BN I < DR T2 K 210km BT
DOKAME CRIFETE 20 E ) 0 ILERT

H 5, 2T EEHH D B-20-07 DEEIE 0.3 mm
(Albert et al.,2019) T, ZDOHE X (=KHH~
DREIREDV I S) BRI,y 7 77 Th
HZEERBLTNDELEEZLND N,

FBmo7ikm%75%7?&ﬁméhéJ
EHEERIICE D Z EIT0TvEE LYy, L
RILK LAY B-20-07 OfGIR T 5 alRetElx
kI bmnwE BEbins,

FalR A B CERER S oz =Rk, /)
BIR, AT 7 Tk . kIl Z AR &
T57 7 ZiCxttb s KA 7EHE (=
BAMHB LI OEMT 7 7) OLREE Z —
b, ZKIL D~ 7~ OSSN, TR
AT —T U (]&,2014; =/ NRFRT 7 7)
LAT—=VN (ST 7 7) ORIC, A
TV OESHNT X A4 NE (S E T
77) ERRTCIET XA NENLT XA b
B Lz Epnmmgan (TR,
Albert et al. (2019) Quat. Geochronol., 52,103-131.

TN (2014) =K L FRFF + BB AT — 5N — X
Maruyama et al. (2019) #1547, 128, 879-903.

R/ R

0.1

—eo— JKA# 07 5 B-20-07 (adakitic)
(SHVNBR? » AL 507 73)

N

=

0.01

H Stage Il (transitional adakitic)
: Stage Il (non-adakitic)

: Stage Il (non-adakitic) E
: Stage | (non-adakitic)

Li B Mg Si K Sc V Mn Co Cu Ga As Sr Zr Mo Cd Sn Cs La Pr Sm Gd Dy Er Yb Hf W Pb Th
Be Na Al P Ca Ti Cr Fe Ni Zn Ge Rb Y Nb Ag In Sb Ba Ce Nd Eu Tb Ho Tm Lu Ta Tl Bi U

7T &

Keywords: Tephra, Daisen volcano, Sambe volcano, chemical composition, Lake Suigetsu

*Corresponding author: ojigibito@icloud.com
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B BAREE E

KT A ED

HEA O i IR T O 581 22 R

e ey
—= g5

B HIR - O P GRUK - Bedd)

In-situ high temperature TEM observation of crystallization
from volcanic glass
Akira Miyake*, Shota Okumura, and Yohei Igami (Kyoto Unlv)

EAMEFEME (TEM) ZAW =YD
BEEREToEHEERELTE. Hl 2 X
Shimobayashi & Kitamura (1991) JE EDEE
BEDOREBIZDONT, AEEZTH-TLVS, i
F, FERRBROEEBEMIO—DTH S
MEMS (Micro Electro Mechanical System)
B TELLEELTWS, COHRIZE
AU, 28ER - -RERIILEHAA
AETEM RILT—DELNB L SIZHY.,
F/AT—=ILTHOZFDGHEENTREE L -
f=o 2O MEMS Fv FH#RU=MEKRILS
—ZAVTODZTDEHER. L TEREF v
TL—2a OZ0REICOVNT, =ZFEFD
(2018) TH#HE L=,
AAETIE, KUAS A0S DIEMD & H
EBREEELZD-OIC, BB EFIEME
(JEOL, JEM-2100F) #RW-ERZT D5
BRERET 2D T. ZTOHRIZOLTHH
E£451T5, ABFETILX. DENS solutions #t
DEBMmEKRILA— (Wildfire D6) ZALY,
HEELTRENUASRERW-, EFIE
WESEMNRAAMI. ERA ATV E—L
(Thermo Fisher Scientific, Helios G3CX) %
JE; 5VVTEEL., Hoh CHBMUNMNERMNEN
- (‘: EEE;E L/f‘ :Elo)éﬁﬁ L\T_o I—lum%a)i’a_gﬁ
RERER(T. R, HERTERE 1160 - 1250 °C
FTREGEBEL.ZOREEFTHAAL .
HHIZLk - T, BETORERRE. BLUS
HMEEEEZTITo=, ZEIFH (2018)
—C“(jk uﬁEiﬂﬂP&%%@/ﬂﬂF& 'i"f"] 200 CE
A=, ERICIEH 950 ~ 1050 C=& A
hhd, TOHER. nmﬁ':?-*fﬂlﬂa*od:ul‘%fﬂqﬂ
ICKWWASRAPIZZHOLIHARET HD
AEERTE- (FLEH), *—hb@ﬁﬂﬁ(i
# 10 nm O Magnetite & B % Fe Bt
E. EBHnm. EE ~100 nm OHREEA
HETE- (BTH), CoOiHIk&E&(X. EDS
IvELTMGIE, Mg, AlZEL K312, £
F=EFREICIEH IS ADRFEEL LS5
HZT=H., HOREIZETIEELEh o1,
=%E(FH (2018) BARILMFIFER 2018 FER

Shimobayashi & Kitamura (1991) Phys. Chem.
Minerals, 18, 153.

200 m 23°C (M#ET) [

1220°C
KEREAAK409 %

7200“' 1200 °C :
S| RRGKI600 % [

ADF-STEM

E B mEFETES &K N O FEBE FIEME
& (TEM-image)

TH : FRABRHBERTEEEEE FRMRSG
(ADF-STEM) & EDS ZA L =%tk (Mg, Al, Fe)
DhovbwyF

Keyword: in-situ heating TEM observation, MEMS chip, crystallization from volcanic glass

*Corresponding author: miya@kueps.kyoto.ac.jp
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BREXREERICEITZ2REERORME
B & OFITERER

BRFIAR Cre#lioR), £

I GZAEER, EREERD MR EWITERT),

=25 (LK)
Habit and parallel intergrowth texture of the groundmass pyroxene in the

pumice from the 1914 Plinian eruption at the Sakurajima volcano
Shota OKUMURA*(Kyoto Univ.), Akira TSUCHIYAMA (Ritsumeikan Univ. & Guangzhou Inst.
Geochem., CAS), and Akira MIYAKE (Kyoto Univ.)

~ 7=kl EFIERIZ. LAe Y —&f
ZBLCHEKT e v XICEET 270, T4E
FHEIN22H %, KETOEM R~ ~D
ZEN AT 5 Eo, BAEEYICEE %LZ)
AHEAER 2R TERIZ. AhRTFHE»
LRI NG, ABTETIL. }\:@L’C@ﬁt
X4 F 37 ZARRB I NIE K
O KRIEEKICEHL, Z0oEEYI©H 2%
OIS 2 A S A (BEFY 1 um) %43
ﬁb\%@ﬁ%@%ﬁ%ﬁoto

HZ B S 2 c T 2 =0ic, BT ﬁﬁ%ﬂ
[\ 77 (EBSD) 1T X % & &t 5 iz o fighr i
%CM%%%:$M@8®BMWUKT%

I ARE X B CT T X 2 555 IME DT %17 -
koégkéLmﬁ PEI%EE (TEM, JEOL,
JEM-2100F) %l CEFRIITHIZIC X 58k
VI D EE & AR B 2 1T > 720 E 72,
iﬁﬂéﬁ%?ﬁwﬁE(SmM)miél
I L F =80 X AR5 #Hr (EDS) (JEOL, JET-
2300T) | i%EﬁVVEyy%ﬁotoCT
Ak TEM SEl O ERRIC I, R A A v e —
2. %1 (FIB, Thermo Fisher Scientific, Quanta
200 3DS ¥ X OF Helios G3CX) Z{EMH L 7=,
EBSD & X # CT DR &, fAEEAE

E {110} O HBK L 72Ut IR TH v |

HERO R ZFHF>Z L 2R L (K1),
¥ 72, TEM BI%5 6, WIS A
(Opx) - v'¥ a2 VA (Pig) - @A (Aug)
DFECHKENTEY, clihe o TR%ZLE
LT (100) HiTEA L 2fEE2 b > 2 L 23y
otz RfrRge A &AM 221 T, Opx—
Pig—Aug DIHICEA L TH Y HIREE DY)
o RS DL L 2R R L, X

5, Pig ICKNMAHBER 233280 b 7= (1K 2),

2020

(10} HB L, (K Ca HEAIC Aug 28
overgrowth L 7z#H##kI%. komatiite®'> Apollo
12 basaltsH DA BEA 2> & b MR T LT
%o HURMEA O MR &R HIE o B %
Sl SORQPANE [V il -t L7 AN CE (W VAVt
2 /AR EC & iR L €, 2 D& IE
EVIEBGHIE R RR T 5 L EZ LN D,

(51 FCHi)

'Araya et al. 2019, Sci. Rep., 9, 1979.

*Mujin et al. 2017, Am. Miner., 102, 2367-2380.

3Arndt & Fleet 1979, Am. Miner., 64, 856-864.

“Hollister et al. 1971, Proc. 2nd Lunar Sci. Conf., 1, 529-557.
SKouchi et al. 1983, Contrib. Mineral. Petrol., 83, 177-184.
SHATIZ D 2018, HAFEAIFIES 2018 FEELS.

2 a
Hm

X 1.
AR A O
3D JEIk

X 2. (Et) f}ﬂﬁ(ﬂ*ﬁ@?(ADF) STEM 14
(/£F) STEM-EDS IC X % CaiifiE~ v 7
() WEHEFER (g=2-30)

Keywords: pyroxene, microlite, crystal habit, intergrowth, TEM
*Corresponding author: okumura@kueps.kyoto-u.ac.jp
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FEED Flashing & ERMIE

TR - FEIEE - PR - MrARED - KB ik GRAEKR - BT - BRER)
Fluid Flashing and Rock Failure
N. Tsuchiya, M. Uno, N. Hirano, T. Takemori, K. Mizuno (GSES, Tohoku Univ.)

Mechanisms of hydrothermal brecciation is investigated on the basis of field observation and
hydrothermal experiments. Fluid flashing, including fluid boiling, causes weakness of rocks, and then

rock failure occurs. Those phase changes (liquid to vapor) of fluids are strong effect for rock failure.

BUKA LA, BESSRELRCEUK LR
PLRHRIC LB S LD, ZoIENIC
b TR OB S I BB S
L. I OBUKA VAT, 6K,
BEBREICLY, SaNEAWET S
EEBZBINTWER, 5T Ak
flashing (boiling) 9% Z &2 LV, EHAanHh s : b
B L Aol A S, BUShic & B 1 K IR IR TR DR /IR

(BB OBUK 4 )

D5lREINAE N T — &3 DI o fiE

WAELTHZ ENTHIESND. K1 I3
ORI A DBUKA L ETHY, K
2 LB EERE PICE A LB RAS 1I23 5
SN 10m L EDOE VX S TRk
ZRLTWD., Ziuh, MEHEDHLFL
1, A U7 IR bIRE &S, EioL

— E —

FORTIHLRELBRDIN, ZnbHDA M2 HEfie—n - vy Z—F o~y
o ) TEREOELAIC & b 75 5 ML GRS RO K

UL ERNCIE TR S EE &8 %2 Rz L WHEE =254 P)OEKMAL FL

TWh EHEEIND. 25 59070 *

—J7, Bk flashing |2 X 2 gk o 5
WEET 2R L, 590CH 5O flashing D45
WU, HMERASER R Y 1.08 km/s & 72,
K EHE(L45 kmis) L 0 HE LK T 5. A
DAL BEIEER & R D, BUKA LRL o
DRI 72 A = XD THRET 5. , Baﬁﬁgg%;gggé?;&.mﬁ%ﬁgmgw
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55 61 R B A ra 4l it 15 5 1 Bk
t—L-a A —R LR AR R &
A B AE* (LR R - BE) « R NEERH (LK B30 - F P IR R CRAE K - B815%) - P
ST (e LB - ) « a5 CRAEK - 885%) - R 2K (BB ILRENAFE)
Geologic survey in the Sgr Rondane Mountains by JAREG61

Tetsuo Kawakami* (Kyoto Univ.), Tatsuro Adachi (Kyushu Univ.), Masaoki Uno (Tohoku Univ.),
Fumiko Higashino (Okayama Univ. Sci.), Yukihisa Akada (Ariake Alpine Guide Union)

MR DR L BENX, oL at
ANCEHEBE BB E R LTRY, iESC~~
DI L KGR IR E DT YT 4 7 72k
BPBRORE 2 BER OOE D Th D, 1t
ST, MO L L CORRDIZRE
fRAA & D, MO 7 v AR EE
X0 FEICEMRES S 2 LIFEETH D, D
eI, HEGRIRORA - BE) - Wok 7 et
AR A, A A OIRFE-IT-RE R B L O

MG & OBV B GNNTT D L & BIC,

R AN G D 2 R BRI R (T4 4
et L. Hk FEsm b OWIROBE) « £ - #
BD AT = X LH G2 Z ENEE LD,

ZDOXH DS E LT, ME—ESD)A
SO TR A EGEE R < S L, Hisgi
REBNDIEM R CE D —L - B U H—%
(Lt (SRM) 1X, A E D7 1 —v K TH D,
SRM (ZITRREEZEH OEZEEE R (MTB) i
O TFEHGERDTEH LTV D EE 2 B, [FL
HINZ 3T D HEBGOfFHTIC LV |, Kz
TEBHIBZ IS DAL - AR - ATE BB A
HfET 5 LN TED,

SRM (Z351F 5 HFiR DAL, JARESL LA
Bk & <HEATZ[2-9], [2i. [115°[10]> MTB
£V % 10-20 km L2, HIPE 200 km LA RiZio7-
% MTB EIRIE AT/ RIS E T OREIR Sy
fizdis L, BRICFLWRIEE /2T AL FOIg
OEMTHD & LIz, ZOWBIZELID
AL [N L BREME D L 3 R AR D
2R DI S D MTB OfLE[12] & %
ABHTHD Z END, HERICETIYOALE
HUEJELL S MTB ICHY LTV D ATREME S 8 5
[12], EfEoERICELSMOERIZEIC 3 5
Hob, V7 om0 me LTETD Y

2020

D[25,6]. (i)EEEEY 57 7 v 7 2 T
T2 HD[,7]. (i)~ hV 7 A E LTETD
HLORITH D, (NWHOWTIL, HEITET I
DI B G- LTz iRy 880 ZFFo & HE
TE SAVIZ[B], (i)FEAGAED 7 T 7 2 L
722 L THEUM). Z DR b ARTEEh OfkE
i & IR BR 2 WAL D A0 e S 72[7], MTB
TN CHE R A BRI R R 2 MK
NEEIL 2 H72[9), DX 912, SRMIZHIT
% WEBiAROWFZEIL, SR 2 gtk od k L—
=& LTHWD Z LT, RIS 23 B 5
L 7= RTE B o OB R ~ 7~ SR OIS
FE & 52 o0H 5N, SRM TSI D RFZEHIY
IRTRINEBN DAL T 7 F =7 A L OBRE A
B CHGRm T D E TITIEE STV,
JARE6L TlE, bBldWf7E% S HIcHEET 5
7o, —CFZBL TR Kt DR
R & MR BT A rarst) (v - -
B#J5) & LT, 2019 4= 11 H 8 H~2020 4= 1
A 17 BOKI 2 » A, SRM PR « HHei#Bo i
B EIT o7, AGEH CIIBHERE) 5O
N7 TPEMFNRIZOWTHET 5,

[1] Osanai et al. 2013, Precam. Res. [2] Higashino et al.,
2013, Precam. Res. [3] Higashino et al., 2015, JMPS [4]
Higashino et al., 20193, Jour. Pet. [5] Higashino et al., 2019b,
JMG [6] Kawakami et al., 2017, Lithos [7] Mindaleva et al.,
2020, Lithos [8] Otsuji et al., 2013, Precam Res. [9] Uno et
al.,, 2017, Lithos [10] Meith et al., 2014, Precam Res. [11]
Kitano et al. 2016, JIMPS [12] Kawakami, 2018, Abst. of
9th Symp. on Polar Sci.

Keywords: fluid, crust, granulite, shear zone
*Corresponding author,

t-kawakami@kueps.kyoto-u.ac.jp
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A=A T4 454 FTEMBR— 2 FLERD
PERUEE T O RS ERMEL
BESIaL—2a b EERERICKEER
B H - GRAEKR) - KMIRIT (AT BE S )
TEAKZ (R - MARZ OGRIER) - HE#E (RAER)
Fracture formation during serpentinization in the lower crust — upper
mantle section of the Oman Ophiolite:

Insights from the Numerical simulation and Image analysis
Kazuki Yoshida* (Tohoku Univ.), Ryosuke Oyanagi (Japan Agency for Marine-Earth Science and

Technology), Hiroyuki Shimizu (Kajima Corp.), Atsushi Okamoto (Tohoku Univ.),
Noriyoshi Tsuchiya (Tohoku Univ.)

Serpentinization within the oceanic lithosphere is an important process that controls global water budget
and dynamic processes at subduction zone. The progress of serpentinization is controlled by the fluid
supply. In this study, we revealed the relationship among the extent of serpentinization, crack density,
and spacial distribution of minerals by analyzing the variously serpentinized olivine gabbros, troctolite,
and hartzburgite within the lower crust and upper mantle section of the Oman ophiolite, taken from
Oman Dirilling Project drill hole CM1A (Wadi Zeeb, Northern Sharqiyah). We found that serpentinized
olivine grains show mesh texture accompanying with radial cracks surrounding plagioclase and
clinopyroxene. The density of radial cracks within plagioclase and clinopyroxene increases with
increasing the extent of serpentinization of olivine grains. Based on the image analyses of the different
rock types, we also found that highly extent of serpentinization (~ 50 %) in olivine grains in the areas of
higher modal abundance of olivine (> 50 %).

We also conducted the two-dimensional discrete element method (DEM) numerical
simulations for understanding coupled hydrological-mechanical-chemical processes related to
serpentinization. The results of the numerical simulations revealed that the mesh-like texture of olivine
grains is formed both processes of thermal cracking during cooling and reaction-induced stress during
serpentinization (up to 50 % volume expansion). In contrast, the radial cracks surround non-reactive
matrix are developed only in the latter case. The petrography and simulation results indicate a significant
contribution of reaction-induced fracturing which function as fluid pathways. This process may be
important for fluid infiltration within the lower crust and the upper mantle serpentinization. In the
presentation, we will show the novel approaches on information extraction from fracture patterns to

compare the natural and simulated textures related to serpentinization.

Keywords: Serpentinization, Oman Ophiolite, Fracture, Discrete Element Method
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Compositional estimation of protolith and metamorphic mass transfer in
metabasaltic rocks: A Machine-Learning Based Approach
Satoshi Matsuno*, Masaoki Uno, Atsushi Okamoto, Noriyoshi Tsuchiya (Tohoku University)

Metamorphic mass transfer is usually evaluated by comparing the rock sample compositions with
assumed protolith compositions; however, at the regional scale, heterogeneities of the protolith
compositions often obscure the effect of mass transfer: quantitative evaluations of mass transfer in
regional metamorphism has been hindered.

In this study, the protolith concentration of metabasalt was estimated using machine learning (ML).
For this purpose, we constructed ML models that estimate the concentration of trace elements (8-
12 elements) from a small number of elements (2-9 elements) using basalt (MORB, OIB, IAB)
chemical data (i.e., potential protolith of metabasalt). The basalt datasets were derived from PetDB
chemical database with a number of around 2500-6000, and a gradient decision tree was used as an
ML algorithm. The input elements were either of (Zr, Th, Ti, Nb, La, Ce, Nd, Yb, Lu) and the output
(predicted) elements were (Rb, Ba, U, K, La, Ce, Pb, Sr, Nd, Y, Yb, Lu). The combination of input
elements were varied (2-9 elements) to evaluate accuracy of the output element concentrations.
Each model was trained by 4/5 of the dataset and remaining 1/5 were used to evaluate the
generalization performance of the model.

A total of 511 patterns of input elements were examined for the generalization performance of the
test basalt data. As a result, combinations of 4 or more input elements sufficiently estimated the
output element concentrations with an error of about 0.05-0.1 in the LOG space (i.e., £10-25%).
The ML models were applied to the data of seafloor altered basalt with known protolith (Kelley et
al., 2003). From experimental and field investigations, elements such as Zr, Th, Ti, and Nb are
immobile between protolith and metamorphic rocks for a wide range of P-T conditions (e.g., Ague
2017); ML models were applied to obtain the composition of the protolith (Rb, Ba, U, K, La, Ce,
Pb, Sr, Nd, Y, Yb, Lu) by inputting the immobile element concentrations (Zr, Th, Ti, Nb). It was
found that the protolith composition estimated by ML models was exactly within the range of actual
protolith composition deduced from unaltered volcanic glasses. It is suggested that we can apply
this model to metamorphic rocks, estimate their protolith and evaluate quantitative mass transfer in
regional metamorphism.

Keywords : Machine Learning, Metabasalt, Mass transfer
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General characteristics of magma geothermal activities in El
Salvador

José Anibal Erazo Cornejo*1, Arturo Quezada Mufioz*2, Pedro Antonio Santos*2, Hiroyuki
Yamagishi*1, Masaoki Uno*1, Shinichi Yamasaki*1, Ryoichi Yamada*1, Alvaro Josue Amaya
Arevalo*3, Noriyoshi Tsuchiya*1

*1 Graduate School of Environmental Studies, Tohoku University *2 LaGeo *3 Faculty of
Architecture and Engineering, University of El Salvador

A comparative study of magma-hydrothermal activities of main geothermal fields (Ahuachapan,
Berlin, San Vicente, and Chinameca) was carried out in El Salvador/ Central America, where significant
relationships were identified between volcanism and geothermal activities.

All geothermal fields are located north and/or northwest flank of the volcanic complex inside ESFZ
(El Salvador Fault Zone).

Geothermal reservoirs are controlled by fault system, which direction is mainly N-S, NE-SW, NW-
SE, and E-W. The reservoirs are developed in the intersected area of those faults. Most of the reservoir
are developed in the San Salvador, Cuscatldn, and Bidlsamo formation of Pliocene-Holocene in age. The
mineral alteration facies in the four fields have a very similar distribution, and Propylitic, Phyllitic-
Propylitic, Phyllitic zones correspond to the geothermal reservoir.

Top depths of geothermal reservoirs are ranging from 600 to 2000 m. Ahuachapan is relatively
shallow (below 600 to 1500 m, thickness
around 800 to 1200 m), and Berlin (below (@)
1500 m, thickness around 600 to 1000 m ).
Geothermal reservoir the San Vicente and
Chinameca were estimated around 1100 to
1400 m in depth. The temperatures of the
reservoirs in the different geothermal fields
ranges from 200 to 300°C.

Berlin

0 50 Km

The chemical composition of trace SN oy
elements of volcanic rocks in El Salvador (®) e ‘ &
shows a subduction setting through Miocene 16
to the present. The Miocene-Pliocene "
volcanoes located northward of ESFZ were I
similar to the back-arc setting. A wide range 3, .,
of mineral assemblages of volcanic rocks was X
observed (Mainly from the series calc-alkaline % ’
from basalts to rhyolites), however, it is rare < s
to contain quartz. 4

In the case of Quaternary volcanoes 2
distributed inside ESFZ (and parallel to the .
Middle America Trench), the magma chamber
was presumed to be slightly shallower, and B Ahuachapén + UPSA_Ch (Lago de Gija etc)
variation of geochemical behaviors may show s B einetal2008
that El Salvador is located as a transition zone @ San Vicente O Ahuachapin (Gonzalez,et al,1997)
of subduction system of the Cocos Plate © LOSM.Conchagua 4 Berlin (Agostinieta| 2006)

. O San Vicente (Rotolo,et al., 1998)

between Guatemala and Nicaragua. a) El Salvador sample map

b) TAS diagram (Cox et al., 1979 adapted by Wilson 1989)
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Analysis of Thermoluminescence Grow Curve of Orthoclase
Takahiro SATO*, Nobuo HIRANO, Noriyoshi Tsuchiya

(Graduate School of Environmental Studies, Tohoku University)
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Albite-K-feldspar-quartz equilibria in low-density supercritical fluids:
insights from hydrothermal experiments and thermodynamic calculations
Hajime Ishii* (Tohoku University), Atsushi Okamoto (Tohoku University)

Ryosuke Oyanagi (Japan Agency for Marine-Earth Science and Technology),
Noriyoshi Tsuchiya (Tohoku University)
Knowledge of fluid—rock interactions is important for the sustainable utilization of supercritical
geothermal resources. As rock-forming minerals, feldspars and quartz are especially important and
studying the interaction between such minerals and geofluids is essential. However, mineral-fluid
equilibria in low-density supercritical conditions is poorly understood, due to non-applicability of
electrostatic model of aqueous species to these conditions. In this study, we experimentally investigated
the dissolution equilibria of albite-K-feldspar-quartz in low-density (p,<0.35 g/cm?®) hydrothermal
solutions at temperatures of 400, 420 °C, and pressures of 20-35 MPa. Two types of mineral sands were
used as starting materials: (1) albite sand (2) a mixture of alkali feldspar with a perthitic texture and
quartz sand. After each experiment, concentrations of Si, Al, Fe, Ca, Na, and K were analyzed with an
inductively coupled plasma optical emission spectrometer. We compared the experimental results with
the extended logarithm of equilibrium constant data using SUPCRT92 with slop07.dat thermodynamic
dataset to the vapor-like supercritical region using the water-density based model. Our results suggest
that the extrapolated data are useful as a first approximation for evaluating feldspars—fluid equilibria
under supercritical conditions. Now, we conduct the flow-through hydrothermal experiments on mineral
precipitation in low-water density region using an input solution basalt- and granite-dissolved solutions.
In contrast to quartz and metastable silica phases precipitated from the granite-dissolve solutions, from
the basalt-dissolved solutions platy minerals and prism minerals precipitated, which are probably albite
and clay minerals. We compare the experimental results with the reaction path modeling by expanded

log K data and reveals the differences in granite- and basalt-hosted hydrothermal systems.
Keywords: Feldspars dissolution, supercritical fluids, thermodynamic data, density model, hydrothermal

experiments
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Multi-stage Alteration of Ultramafic rocks in the Manlay Ophiolite,

Southern Mongolia
Nomuulin AMARBAYAR?*, Atsushi OKAMOTO, Otgonbayar DANDAR, Masaoki UNO, Noriyoshi

TSUCHIYA

Graduate School of Environmental Studies, Tohoku University

Hydration and carbonation processes of ultramafic rocks from the ophiolite are key to
understand the global element cycle and change of the physical properties of the protolith. South
Mongolia contains numerous ophiolites. However, metamorphism of ultramafic rocks in the ophiolite
has been poorly studied. In this study, we present serpentinization and carbonation processes recorded
from the ultramafic bodies in the Cambrian Manlay ophiolite, Southern Mongolia, and discuss the
mechanism of multi-stage alteration and mass transfer during carbonation.

Based on mineral assemblages, ultramafic rocks are divided into 3 types; (1) serpentinites
consisted of lizardite, and chrysotile with small amount of
calcite veins, magnetite, and spinel, (2) lizardite,
chrysotile and calcite with small amount of diopside,
magnetite, and spinel (3) calcite and quartz with less
amount of dolomite, magnetite and lizardite. Lizardite

shows mesh texture whereas chrysotile exhibits patches

in mesh matrix and bastite. Chrysotile in bastites is higher

Fig.1. Back-scattered electron image
showing the mesh texture after

patches in the matrix. Lizardite and chrysotile are izrbon?ttion. Cal, Calcite; Qz, Quartz; Mgt,
agnetite.

Cr content than that of lizardite in mesh and chrysotile

replaced by calcite and quartz (Fig.1).
Based on the relation of microtextures, three stages can be identified. Stagel - harzburgitic
protolith consisted of olivine and orthopyroxene with a small amount of clinopyroxene and spinel. Cr#
of spinel (0.54-0.6) in ultramafic rocks suggests that the Manlay ophiolite could be formed in the
fore-arc setting. Stage2 — serpentinization of harzburgite (lizardite - mesh and chrysotile — patch and
bastite). Stage3 — carbonation of serpentinites (calcite and quartz with a small amount of dolomite).
Reactions (olivine to serpentine and serpentine to calcite £ quartz) suggest that (1) mantle wedge
peridotite is reacted with Si-rich fluid to form serpentines without brucite, (2) Ca-rich CO, fluid is
reacted with serpentinites, and (3) Mg and water are released during formation of calcite + quartz. The
nature of carbonation of ultramafic rocks in the Manlay ophiolite implies that the serpentinites and
serpentinized ultramafic rocks are highly effective reactants to capture and store CO,.
Keywords: Hydration, Carbonation, Ultramafic rock
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Micro- to nano-pores in feldspar alteration by multistage fluid
propagation; an observation from pegmatite-related metamorphic

rocks and hydrothermal experimental approach
Astin Nurdiana!, Atsushi Okamoto!, Masaoki Uno!, Kenta Yoshida?, Takayoshi Nagaya®, Noriyoshi
Tsuchiya!
1. Tohoku University, Sendai, Japan
2. Japan Agency for Marine-earth Science and Technology (JAMSTEC), Yokosuka, Japan

3. Graduate School of Science, The University of Tokyo, Japan

Deep-seated fluids above the granitic plutonic intrusions at the crust are inferred by geophysical
observation, but the mechanism of that fluid migration at high temperature crust are still poorly
understood. In this study, we observed the plagioclase (P1) alteration in mafic schists at the contact with
quartz diorite intrusion in Kinkasan Island, NE Japan. The quartz diorite shows the P-T conditions of
670-760 °C and 0.3-0.45 GPa. Two stages of fluid-driven alteration were occurred; Stage 1 is
characterized by the reaction zone around pegmatite veins which cut Cpx schists. This zone was marked
by the replacement of P1 (anorthite (An80-90)) and Cpx with Na-rich Pl (An40-60) and Hbl, respectively.
Assuming the same pressure as the quartz diorite intrusion, the temperatures of alteration are estimated
to be 690-730 °C. Stage 2 is determined as K-feldspar (Kfs) veins and replacement of Pl by Kfs
(An0Ab10r99) and albite (An4Ab940r2) at 400-570 °C. Mass balance analyses of feldspar replacement
show the difference fluid between the stages which compositionally changes from Na-rich (Stage 1) to
K-rich (Stage 2). Micro- to nano- scale pores were generated during K-rich fluids alteration, which
increases bulk rock porosity by 1.3440.14%. These pores occur along the replacement front, that defined
by the trans-grain fracture, suggesting that pores migrate in progress of replacement. In order to
understand the pores in feldspar
replacement, we conduct a
hydrothermal synthesis using
anorthite & albite parent minerals in
react with 2M KCI and/or NaCl
aqueous under 600°C & 150 MPa for

Figure 1 BSE images of feldspar replacement of (a) mafic schist in

4 days. We find the micron-size pores Kinksan Island. (b) hydrothermal experiment.

relate  to the reaction front

unnecessarily relate to the grain boundaries. We will evaluate the effects of the composition of plagioclase
and the reacted fluid on the progress of pore generations as alternative fluid pathways in crust.

Keywords feldspar replacement, micropores, reactive fluids, hydrothermal experiment
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Processes of reaction zone formation and effective diffusion coefficients
investigated through calcite—apatite replacement reactions
Uno, M.*, Sugisawa, N., Okamoto, A., Tsuchiya, N. (Tohoku Univ.)

Reactive-transport processes of reaction zones and associated effective diffusion coefficients were
investigated for calcite replacement by apatite. Marble samples were reacted with 1-2M (NHa4)3PO4
solutions for hours to weeks at 150-250°C under vapor-saturated pressure. Calcite grains were replaced
by apatite from the surface of the samples, with sharp reaction fronts. The evolution of reaction fronts
with time is well-explained by 3D diffusion-limited unreacted core model. The estimated effective
diffusion coefficients during the reactions are 5—15 times higher than those of the starting materials and
run products. It is suggested that dynamic porosity generated at the reaction fronts can enhance the
material transport for an order of magnitude, and has significant effects on the reaction zone formations.
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Dehydration, volume change and element transport
during carbonation of mantle wedge
Atsushi Okamoto* (Tohoku univ.), Ryosuke Oyanagi (JAMSTEC), Kazuki Yoshida (Tohoku
Univ.), Masaoki Uno (Tohoku Univ.), M. Satish-Kumar (Niigata Univ.)

Carbonation of mantle wedge is important for global carbon cycle, but the extent and

mechanism are poorly constrained. In this study, we investigated the carbonated serpentinite body

from the Sanbagawa belt, Kanto Mountains, Japan. The serpentinite in the Higuchi area is

composed of massive antigorite, and cut by various veins of talc + carbonates (magnesite,

dolomite and minor calcite). We reported the results of textures, petrology, and isotope

compositions of carbonates, and discuss the source of carbonic fluids, and mechanism of

reaction-induced fracturing with elemental transport during carbonation.
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Investigation for the formation temperature and K-Ar date of Phillipsite
Eiji Nakata* (CRIEPI) + Akihiro Yamada (CERES)

LiECwic &, 74V vy 794 ¢
(LAF Phi) 23k1ligs v o WiE i b ©
HodsoTwb, Phi o4 BEE, #£1R_%
O 2T 5 2 & X, Wb Eh R GTAm 1< 7%
D EEZOLNDE, LELABL, HBK
RSP D ) ¥ 2 — %, BukliR & L CiE
4% Phi OAERBRE I3 R84\, T
D 7= HAI) 72 Phi % F v C R RS iR
FE. ARG, K-Ar £ EAMEICEET 3
MRt 21T - 72,

2. #W& Phi ZRIFEEHE CRILL 72,
A H BTl XA RS 23R BT R G
WEE) %A B, IE R ST
W3, BRNTED LN ZREICIIZEA L
DEE . WA RICGGED b s, B
DHGIEMICIZL v 4 v EEREEO
LGLHRA, AX7 24 FR@DLND,
Phi 3B oWEHRICEH(EO LN, NSk
ARG ES L. B 2~3 mm ORWH
THRRORM Z o, PEH MR L LCE
T3,

3. Fix AKEE IERERERNMAE (CO,
L—%F—) v, K-Ar F£REFFETk
W7, Phi 3FEEKE Ny 77y 7L, il
HFEZ IR XYY, XRD TOHEGE &
EPMA CHIK OHER % 1T > 72,0

4. %58 4L 7= Phi # EPMA T4 L
7o & A IR EGR, BT 5
25583 BTz, T DA DIl & 72 % E
fii(Gottardi & Galli, 1985) (LI E F 25 1nA.
E— 2 80um T 1.3%, 2um T 19%& K
L oz, AT ICHERBE AL T 5

Keyword: Phillipsite, Isotope, K-Ar
*Corresponding author: nakata@criepi.denken.or.jp

2020

26, Phildiek (hakEE&ED) 0
g, RKErRGICRITE PRI,
BA&IESE & MK h OiESE & o5 s e
DIEFEITE G A ERRE Rk 5 2 L
R L 72 2, B IGEER RN L 1T 23.8%0C
170~320°C CHE X 2 CHHIZED S
B ote, —J7. MR HEGE SLAP(-
55.5%0) ICi= 1 7= 30k T 13 40°C, 60°CTH iR
& 60 HCRNAE DS 1%0~2%0FE i) 3
BIEAAED b, O EIE 90°CT
IO RELS Moz,

— . K-Ar UL KRG Sl L 724
R 5 8.42%0.22Ma(KAEAEK 31.7%) .
Phi %5 1% 0.35+£0.17Ma (7] 96.1%) 2345
b7z, FERTIC 260°C CE 227 X ¢ 7= Phi
5B b [ERRDE WG D Lz,

B. £&8 Phild 700°COMEAZ T TH Y £
HIC KT %, Phi fHHEF ORISR (6
O=0%0) &1KE L 7=8%4. Phi 4 RKEE X
71 ) B o E AR E (O Neil &
Taylor,1967) 25 55.6°CE K %, L2 L 7%
DO MERNELR (—RGERE) Tk
10°CTd ¥ £ % 1000 F CTHMERFNA D
CEPZMINZHENTE B,

K-Ar FRHIE D FE R, Phi 2> 5155 h iz 4E
RIIBEG FFEERER) Kb TEFLL
FImoTWw3, 26 DFERD M C
1%, Phi DR RN A - “Ar DL
WEEIRIEF ICEWEEZ LR, Zhb DY
—VATEHERREZMS L 3HL W
W45, 7277L. Phi 6B/ 607 K-Ar
ERIIHEERE -T2 LoWE
(WoldeGabriel etal., 1996) % H b . &%
MEIRBELEEZ D,



R1-01

P EBECOEENICH T ZRIEEDRIRE S
BRBFIIS (BIRAGRO), STl G Eocisetions), L] (MK GRO)

Problems of absorption correction in quantitative chemical analysis
by ATEM
Kiyoshi Fujino* (GRC, Ehime Univ.), Naotaka Tomioka (JAMSTEC), Hiroaki Ohfuji (GRC, Ehime Univ.)

1. ZU®IC

SOATEIE T, RAFEEO~10 nm F—%
—ZE D IR FRR T N T &, KRS
B EA R R & O/ INRE O SENTIZ R ) % 3
HLTWAS., LL, EEOWIICOWVWTIL,
IR T RE N ONOMESE R H D . EIEK
GRC D43 Y 7 R TlE, H—F% v b THRIAH
EZEVEONTHBORE I NEREDE S
ORI 3ERVMEE 7ot R Z DL H 7z
ENEE D DN HONT, ARG R 2 WS
T 5.

2. TRIHHIE D R A

ERSW T, 2D THEOERELE X
TREELL CFRT & T DBRETH D k-factor 2
IR FAWBNTWD. < OGS, EEDHT
WA moR LB LN TZ
k-factor %, EI%EDREE L TERLE
ERRIME DI TV DD, WIAHIE 72 12X
SHTY 7 MK BFHENRLETHS.

ESEALDODHTY 7 T, JBEED53ho Tz
FIB MMLOWKR a2 —T—x%v b
CayAl,Si1,0,, ZWRIAHIEIE ToOr Lz & 2 A,
Table 1 O X 5 iR %2 157-. EEEOE X 90
nm CHE L7256, MBI E o 7= < waksy
DEFIUTEDLRD T, 2T, WU IER
DEIEEZT, 50N 5HRFE BN
KO JFF%T 60%) I[Z72o7-& & DE
1%, 309 nm Thotz. N u—FH—x
v M THERRIC, B LU E I LS5
WZIEEBRO SEFETWEINLETH - 7=,

Z DR, FHRICHE T SITEBROR 31
ATV, 155D AT IEIE 2 Y 2Rl 7
STz, 7272 L, Table LIZAR.6GNA X9
(2, Si LL oI EAEF L0 20

DIEIZZ > TWDHDICKT L, Si LW EW Ca
R LERXOZEN LD 0RO OE L e
STWA., N ue—7Th, REEOMER A
bz, ZhUE, EBEO 3FERWES TOR
I EIC XY, BorENMLIELL EOEICES
LK EHEEND., WTRIC LAEIRNE
BRE D 272 0 REREIC 72 DRI, Mz
kT LONNREE 2D,

3. KRDELE

ERROL >z EnEEBFERE LT, B
TOEREZONS. 1) MIEXHRERY K
B NEICEET ST ek ATORE,
2) 53Ty 7 N TOWNAHIE D FHE H XD
A, 3) WINLIS DR & D THIIE L TV
HE[REMEORIE. 1) 22T, A—h—
T, Tea L EMICHIE L TV Eng
V. 2) IZoWTE, I IEOHEERICH] -
THRBZENHAETHD. ZNUHFEEIZD
WTC, ZNETHRATE R E2HET D L
LI, Eamar L7ow.

Table 1. Chemical analysis of grossular
garnet obtained by absorption correction
by analytical TEM.

Thickness 90 nm| Thickness 309 nm
Element Net K- | Weight Atomic | Weight  Atomic

Line  counts factor % % o %

0K 4384 0997 | 3114 4778 | 4277 59.99
Al K 2941 0954 | 1427 1298 | 1244 10.35
SiK 4362 1.000| 2218 19.39 | 19.17 15.31
CaK 6009 1.102 | 3241 19.85 | 2563 14.35

Total 100 100 100 100
* K-factors are based on those of ion-milled pyrope.
*p =3.59, take-off angle: 23.9°.
Ca3A|28i301 2 = Ca1 5A|1 USi15060
Total number of atoms: 100

Keywords: Analytical TEM, quantitative chemical analysis, absorption correction.

*Corresponding author: fujino@sci.ehime-u.ac.jp
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The application and development of gem identification techniques based

on mineralogical sciences.
Hiroshi Kitawaki (Central Gem Lab.)

FEAERNIL, Wb D ARY LA E BT
HUEENOIRR LT, R TRYOE
LR T RiX, BAROEIELRO RGN 72K
DR L 720 (1925 FEEHIEE OB v KL
YN E T2, HARTIX, 1960 AR 038 BIF% RS
ORI TH - 7223, FOHRITITAKT A
T ROFIENR S - T2, a7 E AR O
Feffiid 1920 4EACHL 0 B FE &~ O F1EABA%

4, 1940 FERUITITHE RN HED BT H vz,

Tebb, EYTRNE, HEE, Ak,
IR, EATEMSEIC L BRI THY,
INBIES T RBEAENOEE L L TR
RTHD,

UTAE, G B RO ER H Al oo B R L
REIZHEV, EAENTRNICBIT 2 HEOE
WS ITAETER 72 88 B 2 A4 D 2 e i i) 72 4%
FEOHIHESR N A AR & 72> TN D,

EENEAEINHEET DL Lo
DI 1990 F£Th D, ZOHIFHL X H EFE XA
A OB E RS HBL L . ENOE AR
FEERIXZ OxIGITIBb LT, EHEZET,
IR F6 L OVIRAM IR D 43 e b B B A A
L. EAENCBITDLZOEMEZ R LT,
HRALEED & A A \ZITAFLE L 72V 2460, 2300
B L 0V1680nm D B — 7 BHIEEE ST AL
e 2 it sh, 2nboe— 2713w
XURBHRICHET D Z L2 LT LT,
1993 AT BmIREEEIC L » TRl Sz
BRREATYEY FOEATHE~DHANE

EIZL S TRELEY EiFohi, Th
RO O - aFERE S &
e 23 e S8, BRI & RS
BLXLVTOEREAYEY OB % H
FELTHY—FRLIxytEU R (CL) ok
DOMESIITHETF LT, 1995 FE D E NI < ITTE
WTHID T HPHT EERA A YEY RRL
AYELVR T VL—T 7 $EE) L
IAFENTZD, CL IENZE OERNT KNS
577, 2006 121X CVD IEA A A YE L R
B RN S 4, 2015 D S 13/ N O B,

Keywords: Gem Identification, Gemmology
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BRAATYEL RN RARFATYEL ROV
2T Y —RATHHEFNIE L, EAER
DORKERMEE 72 o7z, BUETIIERLA Y
F FIZEMTHSRICB W TERANENY . K
REBRRDOBINTIZI CLER UV LI Ry
> AYE B N T2 AT B & A R R o B AR
MARR EIROTWND,

1999 43 H, RARFX A YEL REEHETFT
BULES 25 HPHT BN B L=, 2 bt
bAFEDOWLK A VE Y e T 5
DT, BUNIFEWRRAEETH B & I iz,
ZDOAFRE, M EERT (B, WEME
TFSERERE) DWW /1% 15T, HPHT AL D 325k
ZBRMA LTz, kR BRI W CER 2 E
FRVIAOBOITESIC, 1 ROBAITHE
BB T D EaMR L, BRI TIAD
AR N o N o Gl s G /48 S Nl Y e IS
Z & E R U7z, 2003 HEICIRBA T ~ 0kt
EEAEAL, 74 MLIxyEA (PL)
SIHC LD HPHT ALEE O AL DO MESLIZ B
NEFE T T2, BEFFIAYES FOLOKE
F 2 iE HPHT ALERIC bR LB 2 fl A &
O EENRME LTI TS0, K
72 PL 08T OBFZEDORER, 1ZEAEDHOD
NEKARETH D5,

Renishaw InVia Raman confocal microspectrometer
for photoluminescence analysis.
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LA-ICP-MS S #TiEDEAFERTHFADIGH

TLARGEARRR | AL (S5 A BFSERT)
LA-ICP-MS application for Gemology

Kentaro Emori*, Hiroshi Kitawaki (Central Gem Laboratory)

We applied the LA-ICP-MS analysis for gemology; (1) Identification of Be-treated corundum (2)
Identification of synthetic or natural ruby, (3) Identification of synthetic or natural amethyst, (4) Origin
determination of ruby and blue sapphire and (5) Origin determination of “Paraiba” tourmaline.

2001 AW HELL 72 Be L HOINBVLIE =5
U LDOFEIZ LA-ICP-MS HDHTENHE I TH
BIENRIINTLLE, LA-ICP-MS ZSHTiEIEE
A OBIFICB O TURIELADO S L E &
Tpolz, EADO—EZHIVEDZ L7025 M, x10
DN—_ERHWNTHOHIRZHE R T52L030F
IERATRETH DI ENLIEIEMIE STEL T, E
B TIXEEL TS, BILE, LA-ICP-MS 4y
W% Be SEEUINBVLEE 2T 2 LOFRTZ T
T RER- B OHB, FHEE A DR
PEHIBE R ICH AL > TERY, SHICH R FToxE
A RE > TEOMO HEP MBS
T3,

AEEITE L HH LA-ICP-MS S HTiEE 1T
FEADE TIToCEI R E Y777 L THA
9%,

(1) Be JEEMBVAIRD T 7 ADERK

aZUH AR TEFE THD Be B~
ppm JEELSH | (AE AT HZ OO FKIZ
I% LA-ICP-MS Z3HHENA N TH DA, KIRE
RO Be 23527 X LOIFIEINEDEME
L TWD, RIRERD Be 2T 574
A3 Be &3EZ Zr, Nb, Sn, Hf, Ta, W, Th &\ o
T2 BN FRIRFICE ENDHIENEL, FDaT
X LOPEMS T BRI A RE L T
% AIREME DR,

Q) KRR BN E—DER]

KK BN E —DERNL., A AT O =
(CHNZNBVLER DR B IR Al A
BNCRBITAEERELL TGRS W5, &
FOIE~L XA e & Bk, Bukik,
T I AETHERINIZARNVE —& KRV
E—IZ2W\WT LA-ICP-MS #1117 o7, KK

NE—TIE— RIS D Mg, Ti, V. Cr,

Fe. Ga LW\~ 7=tEDO /K — U NA L E —T
(FEED LIC R B, ARVE — IR IR
DIEHFERA =ML —THEDOTENEGEND
ZEMHIAL Tz, F72, LA-ICP-MS #1752

ETRIR B RO KB D I 7ot 8LE o2 K5
TBTIHNT 4T =TIV R THRIHTX
Do
(3) KRBT AV ANDEHR]
BT AV ANT RIKT AL AR E ¥ B 73 i
D THEETHY KD e O ERINED e K
DHENTWD, HEHHIL LA-ICP-MS Hifrik%
JANWTER s RIRT AL AN EITCHED E &
IHTEATOIR LT, TERATHOI TS Ga-Ti
DT T 4T T —"—=F 7T BHE N
fF{EL7=72% Li, Be, B, Na, Al. K, Sc. Ti. Zn,
Ga. Ge. Zr. Pb Z W= MBI 58 A3, K
KB HIB T ARV RIE L 22 B 2 LA AL
27z,
@) aTUF LORERER
EEZOITaT A NTN—=F T AT Y
—NZOWCHEHEMICHEE R EMOY T V%
LA-ICP-MS Z3#TL . PEHNEERI D R REMEZ MR ET
L7z, T —H T 7 A TIZOW TR BN A
HTHHES DO TWAIELZRERLIADI v
v AUT U H  wH T AIIVEX Mg, Ti el
ZMHY CHBID—Bh &R DT E MRS LT,
F2 AE—IZDWTIE Mg, V., Fe D& A EH
KRERIIEERVFFICI v~ —PEIL V O&E)N
BN ENHLNI 0Tz, AT X SO R EER
BERNCOWTIIRERAWTET 2 THED 2
W7 a7 7 E0b 3 R a7 07 H
HHTHHZELHLMNI 2T,
(5) 73T A%<V DR PEHIEE |
IRFGANR =Y NI ONTT TN W
E—7, FAV LT EZNE U OWTEED
SREIT o7~ T LA-ICP-MS Hr&4TV, FE
HhgE R o> Al REMEA AT L 7=, #5512 Cu. Ga. Sn,
Pb bW oWy T 07 B
FRIZHIBI S TR0 P AT ¢ 7 [AUF 4347 %
TAE R, I 3 EMA G RITHIENT
X LA-ICP-MS 34T 0D E HUBE I ~D A 2t
RS,

Keywords; LA-ICP-MS, gemology, corundum, amethyst, tourmaline
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Morphology of Natural Diamond Compared with Synthetics
Hisao Kanda (NIMS)

External and internal morphology of natural diamond and synthetic diamonds have been investigated,
revealing that natural diamond shows euhedral morphology formed by growth from its center, whereas
synthetic diamonds do not grow euhedrally. Internal morphology seen on cross section of natural
diamond crystals shows growth striations indicating repeat of growth and dissolution. The
characteristics imply that natural diamond has a history that it has repeated moving upward and
downward due to convection of magma where diamond was heated and cooled repeatedly.

RIRAA Y ELRORIRITONLRNZ RS

WS, RIEPWIRI OE /N7 A0y — Al
AT N—Tar | AR 72 8 DT — 5 % 3

X BN LT
_Ob\T%%?L

ICHE RS TV D, ARER TR
AARAR DTG HD | iR BR BT
7=
(1) A5 L4
RIRZA ¥ ELRR
VEROT I AR E ATTRLN
(K1) T7 7 KRR
HHILTWVANR, W
THIb BRSNS
07 MUY TR
Ebfz%@f&;éo e
AT LT, /\ﬁj‘zéf‘
A EUNIZIEEF
6] ~ D #J 4 iﬁﬁ}zﬁ
AN, EE
BREATESRIT
REZERTHIER
DM IZE D)
7o Tl A N DY
PENEIZ M Do T
ELTWA(K2),
KA Y A 'S
RCid, FEARFmIZ
IR FR T DRV FED
ST—FHIZHEL
(K3). Fnkoiz
EHRTTEDLI LI
AN

M1 RRZAYEAN

3 KMARAAVESR

ZOIINT, RERAE LB L THRDLE, Bk
5’4’?%/% VIR R DBENG LR L THD

WKL T RRF AV ELRITREZRONE
TEFRAL, ZRMICHIREN T2 mICHH
W E L8 W25,

Fio, FiEmEb O ZEEPEER TTU R
AL BRI i e 2 T-b DL S bl T,
(2) W AR
R % By U Wrm
EBRTHE KD
FRO IR E &
JRARDHZLENTE
5 KA RIRE A
YERWriE DAY
—RAIFxvEL A
C R PRSI
BN R x| 4 E
AT ERIROREOIENC, bz 5,
ZOZEE, REBRET, Z2HEAELTRELR
Doh | REIITE R 2T TV RIZi o Tz ks
Hbbol-Z R, DED, R LIEREHRD
LR E LD THAD,

(3) &%
PLED2oDIFEEMNS, IROZENRHEESIND,
RIRE A YT RIT BRI ER O AR 28 F D
TIERSNE TR AL, T O EENWRNS
ﬁ%?ﬁﬁ?%%ﬁ@ﬂbfﬁ%@&ofb NoTE, 2D
ORI T~/ < xR HY D%
FHTREAEL CREZ B ZRERL 72D Al EE
P05 5,

4 RRFATENWTH
(B =Ry A)

Keywords: Natural Diamond, Synthetic Diamond, Crystal Growth, Morphology
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B A DY, Bindi Luca®, BLHM ¥4 °,

I Jih 7, Xie Xiande®
(IJAMSTEC, AV — K,

ERIERT Y Ss BOR 0, LD Zhi®,
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SR A, AR, P B, © mE RCEE TR, TR
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The fourth polymorph of Mg>SiO4: A new mineral, poirierite, in shocked chondrites

Naotaka Tomioka"

!, Luca Bindi?, Takuo Okuchi®, Masaaki Miyahara®*, Toshiaki litaka’, Zhi Li®,

Tsutomu Kawatsu’, Xiande Xie®, Narangoo Purevjav®, Riho Tani!*, Yu Kodama'®
({JAMSTEC, ? Univ. of Florence, ’KURNS, “Hiroshima Univ., SRIKEN, *Nanjing Univ. Sci. Tech.,
"ISSP, 8 Guangzhou Inst. Geochem., Univ. of Bayreuth, °Marine Works Japan)

TRVVEER A L A 2 T A R A I, A B
BoREHE L {mEIhTng (1], 7
VAR E LTI, A RURE, A ERIVHHE
231970 FRE TITRA SN, FRENTV LT
A MUV TTEAL s EShiz, —J5, 1980
ERYIDITIL Jean—Paul Poirier #d% 623, -
RYERAE R (f 7o H8) 2EGHTHIL-
A[2], AR, R ILIZ 2 E THERIE e
ST, BAaITHGE, BBAEFIZRIFEZ R R L, TEM (2
LD PFEROFTHERITIN Z T, X BRIEPTiE & 5 — e
FHRIZE Y | 2o EEE R L1283, 4], A
7ymymi [EERGEM S OHF M - SEfn
HEEEIT, FEMART V=T 4 e LTHARE
iz,

Tenham (L6) & Miami (H5) => NI A kD
BYSEIRPICIE, BAOZ Y BEUREVIAEN,
FEFEO FEFRAEN L mmAiEOY > 7oy XA b,
TRAVLT A MRt OEERITEEMHER L T
5, Vo 7oy XA MRINIZIE, {110} _Ri2iEsk
nm DRV YT A DT AT NS, WEEY
1. <110>kya// @i/ / ooty Crua// Croi EVND RARZ F

—%R LTz, — . URL T A MRIFIZ (010)
HECRYD IV 2T NTATHRL, bARZFY
—IX aws// aois bras // Brois  Cwas //C'Poif“%oto
NS ORERIFABMRIZ, AV B ERMEED b

nR Y e nicER S i b o & —B L [2],

U Ty ZA R TRLT A METOBIRER
2k B A H =X L (shear mechanism) 2LV, KN
DVZT A RBREREINZI EERRT D,

Suizhou (I6) = > KT A4 MzBWTH, AT Y
TTA MIVT Iy R — )L LT, Bl
TO XRETIITZ 7203 o7, £Z T, BAHD Y
YTy XA MEERE PARZ XU p LICAE
FTHRT VT A bD 2K L TRFEC X A
BB & T o7, A 7 MHET IV (ZEMEE
Pmma)  [2] % JLITHEE Z REE(L LSO NTZAR T Y
T A bOKTERIT a = 5.802(11) & b =
2.905(9) &, c¢=8.411(16) 4, and V= 141.8(6)
BThy | MR R AREREClI o BAHE 1
RO DR SN, o MY A MZRT
5 Mg, Fe OJF 5HEN SR D b RIX
(Mg, 06Feq.04) 25104, FEEEIL 3.33 g/em® TH o7z,
ZOBEEILF U Fe/Mg bt 248 E LTIz 7 A VAT
Ak (3.25 g/en®) L0 EMNTHEWLOD, UX
L7 A R@B.50 g/em®), VDX A K (3.59
g/em’) IZHERD EMT D /W,

FEEENBESGE (DFT) 12 & B EHE TIE, 0 K, 0-20

GPa DJENHMAIZBNT, RV Y =T A M
Mg:Si0, DL DO Tl bdmn = XV B — & £f
DT ENH LN 5T, A OEBRERKIZE
T, R ORI A CIZ WK, E724&
T OTIWIZEFE L U0 WE 2GS ) G003 i -
7256, WEEMIIR T Y =54 MR ESND
FEEMERE W EE X BILD,
References [1] Tomioka & Miyahara (2017) Meteorit.
Planet. Sci., 52, 2017-2039. [2] Madon & Poirier
(1983) Phys. Earth Planet. Inter, 33, 31-44. [3]
Tomioka & Okuchi (2017) Sci. Rep., 7, 17351. [4]
Tomioka et al. (submitted)

Keywords: olivine, spinelloid, high-pressure phase transitions, shear mechanism, meteorite
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RERTHE & [ EE Bi-Te-S RGP D LA K
KVEBCZ ", FARBLIE (UK - BEEl), ARRE CGRK - MrEnr),
FIEWPESE (BB - BRPR D), PRIBHE—, M ARrs (ES2RHE)

Chemical composition of Bi-Te-S minerals from Narabigaoka Hill,

Kyoto City, Japan
Masayuki Ohnishi*, Norimasa Shimobayashi (Kyoto Univ.),
Daisuke Nishio-Hamane (ISSP, Univ. Tokyo), Yohei Shirose (Ehime Univ.),
Koichi Momma and Ritsuro Miyawaki (Nat’l. Mus. Nat. Sci.)

TR 2 i1 D AL VS, FURR T A L DA 2 OB
HT\ZACE T 25 [ (B i, W fif] & B FR
INnd) i, FHEEHOFYy—bFEEEL,
W, BEEHEI ATV XN ZOKEETH S
GEAIZ Ay, 1989). Zh b OHERE ZY 5 A
AR B IE, DERBS “Ghv W UEA,
Zan R (Fl2E, &8 - Wi, 1940),
HAR4GE, AEdLA, JaES (MAIZ, 1980)
RENENT L. AR, o= ENb
RN BigTeS: 8% RANE L7120 T, Hbt
TS L7248 A B 5 UOSKRE BigTeSs #k
e b, (L E R LIcHmE T 5.

RN BisTeSs #ayiL, BUKEE L7-Wa%
U2 A3 RPICER 1.5 mm (2T 5 Mo
kg 7ed. WHIRAIZIE, SHK~BE et
WZERT . BMEE T TlE, AR TEAEME
1385<, BT CTH 5. BRI — M
\Z58eThDH. U A2 Synergy Custom (Z L
5 HAESY X #EHT T, a~4.25A, c=nx
133 A OARFHF T, cEIEDOEMIIn=3 (=
39.9 A) DOAREVEMNE Y. AR X A IEI P74 &
(U 477 RINT RAPID 1) & X % A% 23
10 UL Eo[E#E [d A (1)] 1%, 3.084 (100),
4.427 (51), 2.249 (22), 2.122 (18), 3.622 (12),
3.329 (10) T, A&HLA, AL, N7 YU
PrLoF EHEL L TV S ALESHTIE EPMA
(JEOL JXA-8105, WDS) (Z k> Tfro7=. 12

B Bi+Pb Bi+Pb
- 70/ (IauﬁTesﬂ) \}i—({)edleyne,B\,Te;

‘~T-e (Bi;S) £/

S+Se Joséite-A, Bi,TeS,
/ Joséite-B, Bi,Te,S

(Bi,S,) A A A S (BisTe,)

ite. Bi YA ¥ I3
Ikunolite, Bi,S; g------------- _‘g ,,,,,,,,,,,,, [ AR
& . ,
50 e - 50
/ Baksanite, Ingodite, Sulphotsumoite, ‘\
BisTe,S, Bi,TeS  BijTe,S

S+Se Te

Pilsenite, Bi;Te,
Tsumoite, BiTe

MO HTENE, Bi 85.18 (83.02~86.49), Pb
0.08 (0~0.29), Te 9.22 (8.97~9.59), S 6.54
(6.34~6.70), Se 0.10 (0.02~0.16), & 7} 101.12
wt% Th 2. EBRAUL 10 apfu & LT (Bisss
Pbo.o1)ys.osTe10s(S2.985€0.02)y3.00 T, fill M 2 i
BieTE‘Ss T&)é ifl, 5 apfu LT (Bi2,97
Pbo.01)y2.98(S1.48 T€0.53S€0.01)y2.02, fEIMEZUIZ Bia(S,
Te), £721XBisS, E T2 E L AEETH D.

ARWFIETIE, ZDOEEREI A KH
BisTeSs $i8) & 1T B 72 DA T, AIHITHE
£H) 1L mm ORGBORIZT) 12O TH
EPMA ZHT & 1T 572, 4 s Dy 72 FEBR =
X, 7 apfu & LT (BissgsPbo.10)y3.95 Teo.os(S2.08
Seoo1)y200 T, A EHL A OB BigTeS; & —
BT D EMRE L. £, ZoKREHA
1Z1E, (Big.saPbo20)y10.03Te1.02(S7.90S€0.05)57.05 P
EEX 3 DY 5 19 apfu) TRENDE
240 um LU T ORLIR % 72 3 AR50 BiwTeSs 54
BEAINTND.

Z O EFEER BisTeSs 0, HvHL A, K
0 BiwoTeSs #L4 DAL LA A, Bi-Te-S Rk
WFE DAL & & b2, Fig. 1 @ (Bi+Ph)-
Te-(S+Se) A=ANIRLTZ. I 6K E
THMICXBI SN 5. (Bi+Pb)/(S+Se+Te) H
1%, ARHN BisTeSs #L4 1.47 (1.42~151), &~k
A1.30 (1.27~1.33), A% BirTeSs #:42 1.12
Thbh, TNENRRDEERT.

Fig. 1. The chemical compositions of unknown
BisTeSs mineral (V), joséite-A (A) and unknown
BiwoTeSs mineral (<) from San-no-oka (3rd hill)
at Narabigaoka Hill in terms of (Bi+Pb)-Te-(S+
Se). @, ideal compositions of the IMA approved
mineral species in the system Bi-Te-S.

Keywords: BisTeSs, BisSz, BiioTeSs, joséite-A, Narabigaoka
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Nickel contents in single fluid inclusions of miarolitic quartz from the

Tsushima granite, Japan.
M. Kurosawa*(Life Env. Sci., Univ. Tsukuba), K. Sasa (Pure Appl. Sci., Univ. Tsukuba),

S. Ishii (Res. Fac. C., Univ. Tsukuba)

Nickel contents in fluid inclusions from a miarolitic cavity's quartz at the Tsushima granite, Japan,
were analyzed by particle-induced X-ray emission (PIXE) to examine behaviors of Ni in

granite-derived hydrothermal fluids in granite bodies.

=g, ko< MR aTIiz£<
RAET 5720, <> FLVHRO @ O LR
~ 7 =IXERED Ni 25T (135-192 ppm) |
A~ 7~ TOLFELEE AR R
(9-17 ppm Ni), = D=8, JLliaTEZE DEL
KIRTO NI EIFIFmTHY ., ZNETUEY
AT RENEN -T2, L, DED
Ni fitfb ¥ 13 AE 5 G IR O BOK RS0 J8 3 45T
B2 fFAE L, £ ORJFEIZOWT G JE M
OB - HERE O DR R A
HEFER EARES SN TE 2, Lo, R
IZOWTIE, RFROMBEE LTS T
5, & ZCARMETIE, LA ADRILDE
NP IO EBREE R A 1-type DFTE = HOAE
HTHDH, BIRFEXETON LIRS RO MR
A EDFREAET ST, FO NiJEEY
WaEr L=,

*HE B OWILIE A R, KB 2 Bk
PSR —ERELER O HINGE 1L & £ 9 23, SENRIZ
Ni SE#OPEHITIELS | b FICBEN 7-xHELE
DO U < FHE L2 7 v~ 4k (NiShS) &
WMENHHETTH D, NI, WILER
RN O LR O 1 S S & R O R s A ) &
iz, ilix7rr ) ER - AER - 88
S BRA  WEOTF X ORISR,
AEHAESIIEROAY & L TRRIER & & T,
ABRE GO E BB DAL HEAEY & X
HEaAEM T, 2MHEAEMNRZIK S, HKHE
WCETRMEOAY., Ik CO, aaWb b Elff
ELT, MW - sk - 2845
D WRAE G A& T A BVEARIRE L 265~794°C,

VR X 28~55 LW TH > 7=, ST FEE A
AEMTH D, ZREAEY & XMBAHY O
BT HE MR & SR K ZE A v X — Dk 1
FRIADEL X AR ML (PIXE) THrbr L7z,

IHTORER., MIROZMEAY & K5FEaa
izl Cl-K-Ca+Ti-Mn-Fe-Cu-Zn-
Pb+Br+-Rb-:Ba-Pb &z Ni V& En T
72, Ni JREEIXZFHEEY T 5~50 ppm, =FH
AAEYT 3~40 ppm TH -7, WEEHD Ni
TR ClEE LW EOMHBEERT, b
X, RS~ 27 <26 NaCl TR BT A B
(2. Ni NRIRICOB END Z 2R LTWVWD,
WIEFRIRO PP TR SN 7= ZMHEAFY LA
FEAYO Ni BEEHITF 1 © 1 RRET, g
DERITIIAKRFRG & FRE K OBHIZ Ni D355y
INDZLEIRBT D,

SEOFRERNS, JERA~ 7 ~ITITFER
W2 Ni WNEFEND RN RENTZ, EIER
i, EAEERE~ S~ LHEE~ I~
D= T <RHFICE>THERSNTEY, HiE
M~ 7 ~HOED NiREN, {ERE~ 7 ~0
WAENIICHE G L TWAAREMENR S 5,

F 2. AR AR OIMANZ BB T 5 i
BT, SIblifERE~ 7 ~H 2 WiditkEaE
5O Ni ORHITHES, FEXHICEIRE & 72 5
X 9T, TEALRON I, SHNEEILHETE Sk
IR 0> T JEE D A T A0 B D A7 SRR OO S AR A B
A2 30~300 ppm D Ni DIELENFERR S 7=,
B L., BrEskTix, Ni iR snts
59, FIEARIRO EALICALE T 5 E OB
EROLHE OBERRERBLIZ R By & L CENA L T
WODABEMERNH D, 5k, SHICHRFTZHED
HTETHD,

Keywords: Fluid inclusion, trace element, PIXE, granite, Tsushima

*Corresponding author: kurosawa@geol.tsukuba.ac.jp

2020



R1-08

EEEELLUELHEAE-(Ce) - KEE/NX F 2 XH-(Ce)
ELUR L URKRILY

A IR,

EARKE (RTK - tEdh), a5

B2 (ESZFHE)

Uedaite-(Ce)-Hydroxylbastnasite-(Ce) and Thalénite like Mineral
from Karasugawa mine, Fukushima Prefecture, Japan
Seiji Harada*, Daisuke Nishio-Hamane (ISSP, Univ. of Tokyo), Satoshi Matsubara (NMNS)

PEH
e I VA IS T BRI S E 55 ) 91 1L oD PE HH
P HOWTHH - KR (1968) (2L 58/
A LDGHTRERBEIOT7 2 V7Y kR
g - Oay - EBRA - WREA B RA
MHE STV DA, Ik (1973) 12_—%
T VT U NA MR AARREZ T
WD DI TE DBRIFTEREIL S LTV,
EH O IXITF A Z TV EFL Ot & FEIL
YORERZHER L0 TRET 5. BREEY
LLTHE-NT A% ) kA - SREXA -
HERNG 2D LETCHmE S TnbE /
BA Do _R—=B T )L e NA N A
Ao, AEEFTZIZ EWAA- (Ce) » KEE/NA
K& A2 £-(Ce) « EF RX£- (Ce) » vz -
Pign - T X B A v NI U LAEHEPE
ORAAMMBRICIE S 2054 Lo akkgiy - b
— VARSI R S T
=H#-(Ce) Uedaite-(Ce)
MnCeAlAIlFe(Si207)(Si04)O(0OH)
B IR A FE T L C RV H S 4L Miyawaki
(2008) IZREHi SN CW B TH D, K
JE M 3 SR~ K B AL RO B K iE 2.0 mm -
FEIB50mm IZET S50 BN ST
%7538 1.5 mmx30 mm LLF T v -
DY T IVAFRZENTLE D bORE
VY. IEARIZ K D SEM - EDS 12 KB 58T T
MBI HED 72<HRUET Mn %<5
BHARAFAEA RN —IZHESNT T A
BEWED LAY TN EEA-(Ce)lTiE Y
L7z, RFEH725EBUT(Mno77Fe?0.16Caoor)
1.00(Ce0.43Ndo 20L.20.09 Y0.08Ca0.07Tho.01)0.97(Alo.gsFe
3*0.14)1.00Al1.00(Fe**0.67F€*0.03)1.00(Si207) (Si04) O(
OH) L WO ENLEL .
IKEE /S A N R A £-(Ce)
Hydroxylbastnisite-(Ce) (CeLa)CO3(OH-F)
ARIBZFBDTHIEINEAD (1992), Michiba

et al. (2013) ~CE IR BRAE M T LAl TRE
R STV D, APFERIC ISV TIE 2000
FHEICRE LT EHA-(Ce)D iy fRin & L
Tt~ Aat~Atr2 L TRLOWHER
7o. LanL, 20194F 6 HERE L ZAEO b
DIXIF LA ER LI EE L TE Y WIR
I & D RIE K2V, SEM - EDS Z3HrE
B 1 % (Ceo.48Ndo.31L80.12Pr0.07Y0.02)1.00C O3
(OHos1Fos9)1.00 & VWY D EAE L TZ.
A L akEdRY)  Thalénite like Mineral
2 L AR BL R R TAT H A, 8 S
FRETIK AL B S ME 2 PRI 38 THERE S 4
TWD. W Ld Y-OHType & Ebihs. A
PEHITIE 2019 42 6 AEREE L 72X bR 2 A
EEDON TV ORI A
L7=FicfioiiZenh & LT &, o s
7o, Fixa< mit &7 Y-OH Type « Nd-OH
Type & Bboivsd 2 FEHD X L o AL DS
RO &7z, SEM-EDS /3 284 R .
Y-OH Type 13 (Y1.02Ca0.45Gdo.40Ndo.37SMo 29
Ce0.17DY0.16Pr0.03Tho.02)2.91Si322010(0OH), Nd-
OH Type (%(Ndo.ssCao.60Ce0.56 Y0.46SM0.17Gdo.13
Pro.11EU0.05L-20.0sDY0.02Tho.02)2.01Si3.23010(OH) &
WO EAE B2 0=105 TEEAET S &
REE+Th 73 3 Z TV Si 2% 3 % LRI AEN
HTWD., wtBErFBAHNES, 2237
MEb LIZEE L TWB EBbnSs#o
WMERETH 5.
STHR
fip M - R B5L = (1968) #LAE, 9, 92-
98
g B (1973) BEIFIRAREAR.
Miyawaki, R.etal. (2008) EM, 20, 261-
269.
Michiba. K. etal. (2013) JMPS, 108, 326-
344.
HESRE (1992) Hi=PAFSE, 41, 155-159.

Keyword : Uedaite-(Ce), Hydroxylbastnasite-(Ce), Thalénite like Mineral, Karasugawa mine Fukushima
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MR EREILLE DT S50 VLI T 2ERERY
AR DEFHERK

PEFFEAT™ (PERRAIT)
TARERIE (UK - Bed)

cRHETHE (V=) —F xS R)
< lEEESR (=7 2)

Chemical compositions of pyroxene and amphibole associated with
braunite from the limori mine, Wakayama Prefecture, Japan
Yasuyuki Banno™ (AIST), Chihiro Fukuda (Gem Research Japan Inc.), Norimasa Shimobayashi (Grad.
Sch. Sci., Kyoto Univ.) and Shigeo Yamada (Nichika Inc.)

Eﬁm%&@%?%w@%ﬁwﬁiﬁE
TTHEENZ Mn IZETeA R A EIC
70 VL HRLEE A OFLE 0 E I ﬁ%ﬂ
% AlEl, FEk L R AR ek oo =3 )11 X0
77U A+ AR OMEE 2RO
FYERE (o TPA) 2R L. 20
BEA - AP DAL AR 2 R L 7o R,
M IZ B D) A~ b
ARENL 2G0T AR U Ba~h 1
w4+ 7 v XY B A (potassic-magnesio-
arfvedsonite) T 5 Z L X3 o> =D TED
MELHETD.

OB IR AR L R EUESL Lo XY K0 R
SN, 7T ELZLS G as e &
SEREHLOT, FlICAXE -HEA-TTDU
NG PN S DN S AN

WA AR BB BLES DG, MR TRk~
AIVEDaT LRI VE~RAERFOT
Rz T ) AN 5 BHMENRD L
iz, EPMA ZpHTOfER, KD 6O
Mn* % REL 52 LN TE, MY et~
VIVHEARK S E LTEL VY VA~ T
D L EEL Th o T, 27 ORREPIE
Xia 0.19-0.32, Xae 0.48-0.62, Xnam 0.00-0.04,
Xaug 0.13-0.25 T, U ADE 1T Xjq 0.05-0.19,

2020

Xae 0.36-0.64, Xnam 0.04-0.24, Xaye 0.13-0.27
Thb. VAIaT L0~ oV EARS
Knam) ([ZETZ LD, SHEADFKIT Mn®
DIFELEZZDBND.

A DA T SRR BMEE T ISV TRk D
ZTEﬁV/VNfé%T?)A ¥
&%. EPMA+LIBS #roftik, =27 &Y
NGRSV VNG VA RS "M E e (e a
i
A(Nag 468K 0.448)50.9165(Nar 536Ca0.303Mn>"0 021)52.000
€(Mgs.806Mn?*o.124Fe*0,657Al0.182Ti0.031Lio.106Cu0.0
04)25.000" (S17.936A10.064)£8.000022™ [(OH) 1.771F0.16700.,
K [0)
A(Ko.576Nag.428)s1.0042(Nay.750Ca0.241)52.000°(Mg3.143

062]£2.000

Mn?*%) 332Fe?0.782A10.247Mn*,081 Ti0.053Li0.353Cu0.0
09)25.000" Si3.000022™ [(OH)1.737F 0.15700.106]52.000
&2, a7 OFHEITE T Y B
~AVFELT AT P L ORI G

DI, U LOFHETH U E LT Y

TR D Z LB L7z, U L0 Mn O
—EBIE Mn¥tE LTHES D 2 EDRIRS L
5.

Keywords: braunite, pyroxene, amphibole
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REFNREAFEY—FT12ILUVRE
A)=a—UvTh
EEAEET (BRR - BEEE 1) - iR Gk - Bedd) -
EEER R « FARELE (K - BEEl)
Natrodufrénite and meurigite-K from Ishidera, Wazuka,

Kyoto Prefecture, Japan
Yohei Shirose” (Grad. Sch., Ehime Univ.), Yuma Morimitsu (Grad. Sch., Kyoto Univ.),

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

JCHR RN RIS IR SE S A OB R e RO
BRI L TR Y, FsiT 4735 DAL
o O FNRD SV, AR 2RI A S IK
A DEEIT X0 R ST Rk e ek S 9
W, &7 AT CBEES S PEN T S (BEH
%, 2008 ; Shimobayashi etal., 2012 ; HZ4 5,
2018 ; 2019), ARIF/ZIZ, AIRMPEL 725
V—HX5 27 LA (natrodufrénite) &4V
R =2—U v A (meurigite-K) & WL L7=D
T, ZOERK M TFHINEERET 5,

V=BT 27 L AlE, NaFe*'Fel's(POs)s
(OH)s'2H,0 DA LFHM TREN, T =
7 L VA CapsFe*'Fe’'s(PO4)s(OH)s-2H,0 D
Na @A L L CHE SN 7228 (Fontan et al.,
1982), i & PHRAIIC XBI3 2 DI R T
bbd, TaT VAT N—T OHEMITBIE 6
FENHE STV D DY, R SRR S
A6 “dufrénite FEFY” 3HAE S L TWH
HDOHTEHD (R - N, 1980), Y I =
— U VAL K KFe¥'s(PO4)s
(OH)7°6.5H,0 T&R =41, %#] “meurigite” &
MEZM T2 b D23, Na BEHRORAE 4L
W4 &7z (Kampfet al., 2009)

OFE)—FT a7t h)—I =
— Uy UalE, BE LKA &2 LD GO
FUEPIC, RSB Sz A 5000 b
T RADREREW > TA ML v oA, Wl
WREREE, 1e8kin L LI pET D, V=KX T a7

LA ERAD 0.1 mm FRE OERIRES THE
L, ORISR 72 5518 ta, ik
DOHVIa—V vy arEtEs (Figl), V—
BT a7 VAR I 2a—0 vUH
DGRBS, ThEa A ML 7oA,
HURHEERIL AN 5 FER bR T & 7,
EPMA-WDS % H\W o ALZ T ofE R, v
— X T a7 LA OEEEE R R X (Nagas
Cao.12)Fe? 0.04(Fe**4.49Al10.19)P4.0004(OH)s 2H20
T -7, Na/(Nat+2Ca)=0.63-0.75 TH Y,
YEDCar B AT D, WV Ia—UviAa
IR 2> DI ERIL 2 B HE I > TN ®
(2, BRAELSAAAR LV b Fe 2NBRICHE &
N7, K/(NatK) = 0.96-0.98 & 7210 K Uitk
SNV CTdH 572, XRD FEBROFEE,
BT ERE, Y—FT a7 an a=
25.82(3), b = 5.13(1), ¢ = 13.852) A, p =
111.02(9)°, V=1712Q2) A3, BV I =2—V v ¥
£ a =28.98(4), b=15.161(7), c = 19.72(3) A,
£=107.059)°, ¥ =28193) A> T~ 7=,

|

Fig. 1 Natrodufrénite and meurigite-K from Ishidera.

Keywords: natrodufrénite, meurigite-K, phosphate, hydrothermal alteration, Ishidera
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REFNRAIEFES /M —ILE- V45 A
BORMEIS G « BB - (BT (K - BRFRT) -

TARELIE (RUR - Bedf) - B R U2 K)
Zairite and waylandite from Ishidera, Wazuka, Kyoto Prefecture, Japan
Yuma Morimitsu* (Grad. Sch., Kyoto Univ.), Yohei Shirose (Grad. Sch, Ehime Univ.),

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

A RRAT A CIk, & - BT IEE
BB PHE AR = = > N OHEREA 1T
BATLHZECEMIERAZEZ L, HFRZE
AN A < 34 LTS (IR 5, 2000),
ZL T, INHLOEBAEFICEATLHET
ZEOATNRPTFEL ., ZOAIENRF 5
. BRERIREA, WIKA, Zhbo
TEICEVIER SN 2 ke A~ A,
2T AT R,V CEREESE DS PE
% (#5H 5, 2008 ; Shimobayashi et al., 2012 ;
FHEA 5, 2018), #7222 DR EIRF 5 H
AHPE L 725 YA — )L fi(zairite) & BH L7z
DT, AtEHITLAITN—TTHDHYU oA
7 > KA (waylandite) & & >+ TREWR & FE)
FIIME A RET D,

WA — VAT T 20 T — T OFWY)
T, BiFe*3(PO4),(OH)s TE S, VA 7
¥ RHEIEYA — VA D Fe O Al BHIKTH
%o ASFHUS CIIBE IR A OBy 80 0
ARZEFR AN A — VAT 20~30 umFEE D
ORI CENT 5, VA A T NA
ITFREARPHEER, KA L AL, BE
BRRES i CREM T 5,

XRD RZ = EHfG LI Z A, FA—
JVA 1L Wambeke (1975) Tty S V72 R PEH
D XRD NZ—> = LhoTz, VA
7 v RA OfE &g H(Mills et al., 2010)%
b LA 2TV, T EREFET
HEL a=728403)A, c=16420(7) A, V=
754.6(7) A3 L 720 | JRPEHIOD a =7.015(5) A,

c=1636515)A LY KX < Apoim,

EPMA (T & % E BT b A A KO
A, A —nairERAT
(Bio.71Ca0.23)50.94 F&**2.02(P04)2.03(SO4)0.08(OH)ss
LREINT, FFEMIZHART FeX DT Al
NEENT, LV FrOMkoTHdH, U
=A 7 v FAIFMEBIZIH N T, Bi OFIC
BENDBa Ca DEILIZE - TT A TEE
(22 FRICATBEL Tz, ZiE o FEEK
RO L A, BaX Ca 7D S
B L (Bi1osBao.osCao2)z1.12(Als0sFe*0.03) »
308(PO4)1.00(OH)s & 72V | 2\ MHD SEER
IE. (Bio.ssBao2sCao.o7)z094(Als.17Fe*0.03) £3.20
(PO4)197(OH)s & 72 5 7=,

VAT NADKETER a=6.9834(3) A,
c¢=16.175(1) A(Clark et al., 1986){Z FbX, f3=F
FEFA — VAT a MIDFFICKRERMEE 72
o772, F&Tl Al OEHTIE, AlED b A A
VRO RKEV FeREEIMNT A L o @M
WZHET D0 EBELbND, DD, R
FEMIO P A — /LA TX Fe D JFEIZ Al=0.65 apfu
FEEGL-DIZU=A T a1 EE
< 72D, —H THFETA — AT,
FeX*DJFHIZ Al Z & £ 72\, ZOFER KT E
BNFREHOS D LY b REL 2D | BN
B—r D= Lipipol- B2 LD, A5F
ik ClIV A — B2 T FAICMA
T, REE Z & Dfh T LA 7 NV—T7 D Ce 7 1
— L RAADVFERT DT, ARSI L
L OVBRFNVETHD,

Keywords: zairite, waylandite, plumbogummite group, Ishidera
*correspouding author: morimitsu.yuma.34a@st.kyoto-u.ac.jp

2020



R1-12

BRETZINGLILE, 7oFEL O RIEY
IHE V2, MESED, REMTEY, IVEERED, BR H2, 6 &2
(1. SEHRES, 2. WEMHFESE)

Secondary Sh-minerals from the Ichinokawa mine, Ehime Prefecture

T. Yamada*, T. Tobita, N. Tobita, Y. Kosuge (Friends of Mineral, Tokyo)
T. Fujiwara, T. Ishibashi (Masutomi Museum of Geo-science)

Rare secondary minerals of antimony, brandholzite and peretaite are found in narrow fissures of
stibnite from the Ichinokawa mine. Brandholzite occurs as colorless platy crystals with distinct
striations up to 2mm in length. Associating minerals are gypsum, Mg-bearing calcite and
stibnite. Peretaite formed as yellow hemispherical aggregates or yellow grassy pyramidal
crystals. These crystals are very small (~1mm) and other supergene Sb-minerals, klebelsbergite,
stibiconite, coquandite (?), and senarmontite are observed in the same specimen.

FBREZ)NGRILIT > TERRERE
DOIERMEREZELZALRFELTHS. 2E
DBERGNREH LT=bVIZTvFEUD
REEDZ DN TOREITD 72\, SE, KE
DZRFIIZ OV THBRERZBEL, X
B REITERIZLEOELEEZHNB LT
EPMAIZ X 5L R T —Z ZINE LTZD
THETS.

1. 77 v R&VY Hbrandholzite: A%
HIAKRTEROBEL-AEITL DK
RELBIANAERSER. BELEORMICE
Mo FFEA R L ORE L BT, BRE
F2mm. #FEE: a=16.09, c=9.84(A), L2
#HAR: MgO 6.77, Sb20s 51.03, H20 34.44, &
92.24(%), FEBRF: MgrosSbios(OH)12 *+ 6H20
(0=6). AFHIEE.

2. R U #Z Fperetaite: HENXFHALT T RN
WRTIMmEL T OERFED D VMIREFROFE .
7 VRNV RV TH, 3k v Rfcoquandite
KEGrY . 22 FEstibiconiter ¥ & A—IEARN
WCHHT B, BT EL: a=24.61, b=5.59,
c=10.17(A), B=95.93°, {LEHHAL: CaO 6.28,
Sh203 65.51, SOz 17.97, H20 6.06, #95.82
(%), FEBRI: CarooSb2.00(SO4)200(0H)22 H20
(0=13). AFRAPE.

3. 7 VL AL Fklebelsbergite:
EFHAOEMR., BR. IR TRREN
imm. 2k > FAakkgrly, HEHEL LN,
a=11.27, b=14.91, ¢=5.75(A), Sb,03 78.95, SO3
1136, H20 248, & 92.79(%), £ B X :
Sb3.94S1.0308(OH) 2 (0=9).

4. J#&gksenarmontite: ££50 u mig & DER
I\ A .

~ »

‘ i 0 . i \
Brandholzite (light gray), gypsum (dark gray)
and Mg-bearing calcite (gray trigonal crystals)
(0.2mm width).

(0.2mm width).

Keywords: Ichinokawa mine, brandholzite, peretaite, klebelsbergite
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REMARR Hix)ILiRh b E L = #/KERIEY)

TARBLE" (UK - Bes)

C AR GRUK - BB
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- B ER (AR K)

Mercury-tin grain from a placer deposit in the upper stream
of the Kamo River in the northern part of Kyoto City, Japan
Norimasa Shimobayashi” (Kyoto Univ.), Yohei Shirose (Ehime Univ.),
Masaki Takaya (Kyoto Univ.) and Keiji Tsuruta (Kyoto City Univ. Arts)

AR ALVRE CREAR R - B I DT PRI HE
LW Aex2E L ES BTG
RO BILM OWEIRRNTND (B2 1E,
G /KEREL AugHgs; B WH8L AuSny; #) 1L B
Ags:Sn; #5185 RhSb; = T44L Rh(Cu,,Ge,);
HiHTEE CusPt 72&E) , AL T/ A X OB )
T FHEEOY 2T R IR oo B
IRAZELIRE T oW &N RESNDLZEDN B
TWb, A, FHEEHDO— A(T. K) 2Ly, /"
=V NI BITIRE > CRIAS 0.4 mm 1ZED
R E A TE LA o4 BRI —RL L H
Sz (Fig. 1), BEAEDT-DIZA B IAZEH O

TIEWDDS, NAESRO B IO IR
b,

Fig.1 A grain of mercury-tin mineral, collected
from the placer deposit in the Kamo River.

Keywords: mercury, tin, amalgam, non-destructive analysis

Z D& RRLE T T AT DS EY
FHF T I RF O INE X #REHTEE (VT2
RINT RAPIDIT ) Z W THEREE IR BE T XRD
RH—> (CuKa; 20:10~80°) Z157-L2 5,
FASHREEA 10 LLEDS v —F 22 Efre— 278
9 KR CT& Tz, ThHOEYE [dA (D] 11X
2775 (100), 2.033 (63), 1.315 (52), 2.989 (44),
1413 (42), 1.603 (31), 1.259 (28), 1.388 (13),
1494 (12) T, ICDD-PDF % —F No. 00-048-
1546 DA RS KE” (8 iR 22 W RE
P6/mmm; L5 SnosHgo1) EFEFIZ B —E T2,
Fio, NHBEICHE L TRE ST
EHIE a =320602) A, c =29873) A, V =
26.59(4) A} TH-o7=, XRD HIEFZIZRIL L=
& JE R IR S L O & U7 A BE
% EPMA (H A1 JXA-8105) ( _ctb/%ﬁut
FESR. BEAKERUAMIR ST, Fz,
BB AR bt ”'”E’Wﬂ‘é‘
10 FOFEHEIT SnososHgo10s £720, ICDD 7
—RiEdHEb R8T 2,

ZOLORERIEMIIINETIZALNTES
THEE O FREMEL BB, T T 4— 7 D4
B (BT~ H L) O E V-T2 AT
THDH AL R E TERW2d | BIEHEEIC
Rt CH D,
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FRERANMTRRSIN-ORE/OT7ERZEUHE

DIRELZDIYMERIZDNT

INAIIRZE (DAY YT F32a—C7 L) -HEHE AGTK-H)
Protection and mineralogical study of outcrops containing kosmochlor

discovered in Itoigawa City, Niigata Prefecture
Takahiko Ogawara*, (Fossa Magna Museum), Hayato Ueta, (Niigata Uni. Sci.)

aREIOT A, BARENTIERA -5
ZA(1996)1Z oo Tl (L1 B A2 1L TR D TIHE A,
SNTrabEETEATHD. SKEJ)ITTNT
X, BRAS - B ZH (199 Lo TR M)l T B v
SWPEDEAABEA DO THRESLZ.
T RIEDN2013) K OVEFH: « /INMAT TR (201401, &

i)l EfRo& g Tazxsr/aT A ERE AL,

BRI S B O RETL TVD.

AEL, FFASDICL > THREESN =T A
ZANED Na AP BREND, g KR
(2019)1Z2L»>T Ko=96mol%t72 5 AE 717 fif
BEFT-IFE RS-,

SKEITHBEZRESTIE, 2020 4F 4 A28
WEEKAEL, aRTraT7 A OERDBIERT
EHLEERBHE CTHLI LB CHERRLZ. <
D=, 2020 4 7 AICHHEESR 113 5 KK
Lz iarersa7 A I E
L, BB ATOM AR E T 52 & CTlRAZ
R EL TV TETHY, KMl xaat
R H =T D2 ) D—D L2 DT LM
SN s,

RBIHOAZETI7OT AL, 7algkiho

an L TRELTEY, iR HmnRoNns.

BB R FEE D SEM-EDS (XD E BT
FERND, SR KAKQOI9 EFIERIC, F K
Ko=97mol%& 72 % ¥ il 53 A\ AT WV AE 7 7
FEfER LT, B L2 Na A PIA IR T
b, ERA-T v L~ B OB RAED
A TRL, 70bE G IEND5D. o, K
B Na ARAIIBOR Ok Z0% A4 P A5
T A A A .

Lot ZOBIENSIARE IO T A O RLK
iR &ILIT, Ta ik ETe Na £ PIAOFM T
HIBFZE D RS D.

7 SCk

FI, 1987, FR K TFHEE I E I T
e, 6, 246p.

WA 2, 1996, HAME A 103 45
T R ZE 5 4, 306.

BA - @, 1997, HVEL 4R,
1096.
JNITEIED, 2013, HARGEMIFF 42 2013
AT E A, 68.

JEFE/INATJE, 2014, AAHVE 25 121 4F
AR TR F L.

AR ROR, 2019, HIZEHFSE, 65, 185-187.

103, 1093-

Keywords: Sf)ll, axera7iEa, &4, =y~ ia
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Sector-zoned osumilite from Hayato, Kagoshima Prefecture, Japan

Tomoaki Matsui* (Fac. Educ., Kagoshima Univ.)

KBEFT 1% Miyashiro (1956)12 & 0 ¥)# THE
IR BRI AT BAEEOFRCE Db IR
ENTHEW T, TOBEMCNATML Sh
Teo ZD%, FUHRBAINLT T EGEHOE R
EREENNT (BLZEETT) OWMBCEHIZHA S
T RIRE DFEZ DN T B IR & AR RES
FREL S AL, R XBREIHTT — & 5 KA T
B LRSI (JFH, 1974), {0
FId/ R (1978) IC k- TN S, B
— GG S ISR O R — D R X
7o BEAFERMEAIL, WHCEOMESS TLIAE
7R 7B LI Z S EHT 5, NAEERE RSO
c #HD I3 72 BHI0001] ST B [ D & 1R
HOTHDLN, T e mEREDITE NS
R LwdEBmThHY, ARV~ THAM
DHERESND Z 0D, H—fERPNE O K
sl c Mt E AT 2 LN TSN, £
T CAMIETIE, e THEANRTERACS I
BENDKRBAZREE LTEGMER %
TERLL, WZRAE R Ot DAL SRR O
% EPMA Z HW iz k2ot GE=HT,
GHT) Ko TRAT 5 2 & 2R AT,

HENFERBEAIE, BRfi= 2L FCIasdHE
ZRL, ZEMEER LT, ¢ BICERE
I CIXPN I A L AME S ZIEFE L 0%
BV Z 2T 5N R 60, ¢ BT
M CIE B LTV 5 WD & TR
T&E7, BHARZR=2/L FTCic B2 miE
WIZHEL, ZoFmc—tittEr o L&
R L7,

SR E LB 2B T — 2%, U
X BREIPTEE R (Ultima IV Protectus) % F W

Keywords: Osumilite, Sector zoning, Hayato
*Corresponding author: matsui@edu.kagoshima-u.ac.jp
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THEL, sl &k EIMEE Y 7 k PDXL I
KoTHMREE LIz, READORATHD
HERTRCE 2L, RIER A, &EA, R
TA~A NBEET D ENMER S, HWIR
BIECTRMEA LI U8, FE s
WCH KA THDZ LS,
L5 HTICIE B AR E - EPMA (JXA-8230)
AW, KM O c @il IE /2 m & c i
AT T BSE &Ry Liz & 2 A, (b5
FROENE R T HEORIRE MR LTz, &
PEHT DOFESR Si, Al, Fe, Mn, Mg, Ca, Na,
K® 8 tEN MM S, it CERESH&Z1T
VW, ST EICE S X KRR O — ik
AM2(T2)s(T1) 12050 DG A A >t & B L T
maEIE S B A REHE L, TOME, TL
JECIERSREREICE ey, ¢ BhicEE
{0001} 7 & — & Z LIC EE 72 {10-10} & 7
Z—T Al OEFRNEINL, T2 ETIE Fe
O EHFIX{10-10} 8 7 ¥ —T—HgD LT
HEIML, MJETO Fe O 54 3RIE T2 Ji & 13
(2{0001} & 7 # —CHAM L, {10-10}y &7 ¥ —
T - B0 - b E B L LT, AR
TIX Na O EHARDFERERIC S &R0
T HHEANRFED BT,
HENFERMA TIX, ffmREICkHE L Tk
I R—TLIA A D EE RN TLE - T2
G M« AFEDRTE TR > T\, Zh
DR (1978) 12 & » THIE SN B3
fEa R OMBE A —EORETH D L Eb
Wb, SBEINEEMR NS, IGRA
VT T R O TRBUE FIZET D KMA D
ERGEENE S NS Z LRSS,
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& RSO T AR B X OCWED T A3 A b
R - BB EROUA - B - )

Amesite from Yakiyama, [zuka, Fukuoka Prefecture, Japan

Yuki Isshiki* and Seiichiro Uehara (Dept. Earth and Planet. Sci., Fac. Sci., Kyushu Univ.)

1. ICBIT

ERCh (X EAE L AE R K MgsSi205(OH)4

T, —MRICHVED Fe® Al #E&T, WA
& EERDOBIRICH 28 & LTT A9 A4
F (Mg, Al)5(Si, Al),Os(OH)s 235 b, iy
FHALD D DIE AVIERG EIEIENTWw 5, Al
TERCE 2 ARE A & ST ORRICH D, (KR
MEREM) & & 2 b, YN IcESE
Thb, LHrL, TNoOERIILENH
Th Y, FEMAREYFEEERIE v, BE
FEOFELT, f@EEGFT/ AKILoBEEL
JLADMERCA IS v ¥ vigho AR
BT AHA P& Liz, 0, b5
22000V VETDOT AH A L DERE X
OSEV 2 % 5T L 72,
2. Bks X UER

BFH AKILE X RO Mg <, #Eh
Fhow Y v E ORI L LY O
o 72, RO ARE X OCBHIRFE ARTH
ERBLIE D 1212 X #R[EHT 54T (Rigaku Ultima
IV, Rigaku RINT RAPID II), f@¢CHEMETF X
UE R T PR B1%¢(SEM-EDS: JEOL
ISM-7001F) 21T > 72. & 72, JUNKF IR
RN YE 2 ~ % — D TEM (JEOL JEM-
3200FSK) % fifi FH L il AR B % 17 - 72,
3. R

6 fEE OB BIEE T 11 ffiffor v v
BRI ER L -, vy v EIIREL-RUK
B, A, IKERMG, A, A
VUV ED Ca e ALICE A TSI CHE
BEinsd, TAYA 2R L -8 3

Keywords: amesite, Al-serpentine, serpentine, rodingite, Yakiyama
Corresponding author: isshiki.yuki.525@s.kyushu-u.ac.jp
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& AT Gk} Rod3,7.9) TH o572, 7T AH¥ A b
X, v vERIGESRKDO D E, 2D
JEHFH O RK AT fRA. LY ViR
ErFoTHETZHDD20D% 4 7D
FERBR SN,

Kl Rod3 TlZHBAEIHD Al-HERA &
3 2 CHEREEHROT A9 4 P25
T, BERNEHIITFERBZIEEITNE LG
50-300 nm), K, FERZRT, HiEH
EHE AR A —Td B,

Bl Rod7 TlF, REOEHTEREHE DIE
a2 ST A4 F-MEith E, IRk
BEE»ORFBICTER I Nz Eb 2 E
BHOT A9 A4 F-EERR LN S, K
BHHEONRDJE 0 ZIKEA 2 &Y vikhA
ERCT A4 MELTWw3

#kl Rod9 TlE, Al ICEA 7 HEAREH
DRk E . Tz EifT 2 HEEEHO
TAVA PBA NS, {LFEHRDE—
T, WECARS SEEN 213 & ALICE R, &K
tBrETs,

ENEFNDOT A4+ DILFHRR IR
H-T AT A P OMEBBEARLD D SiicH
ATED total HIEWZ E A5, SiEKICE

ATEE B RREEYR D 5, TNE D
ALO: EHE, KU 247, ERET LD T
TORITRT,
JZ2) Al203(wt%) KV x4 7
rod3 WA OB HUE 24-32 6T1
HAEAEH  BE 9-23 6T1,ctl
7 ZFesE AR 12-23 3T
U meEn R 10-19 1T,cch

rod9 & Wk - #%7E 1-28 1T,cch
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AlLO;Fe,0,a5 % LEBEKRDI V2L E—DIFFERBE
e, RS, ARIKIEA CEEEA - B0)

EHSEL BUERE UK - B - TR

Non-ideality of enthalpy of Al,Os—Fe,O3 corundum solid solutions

Hiroshi Kojitani”, Shiori Nibe, Masaki Akaogi (Gakushuin Univ.)
Shigeomi Takai, Takeshi Yabutsuka (Kyoto Univ.)

AlLO; 2TV X AB LW Fe,03 ~~ %A b
X, HIEEETRREL 2T & L8Ok &
fiEE L5, LoLaenb, AP Fe¥ 0 6
BNZIZB T D4 A B ROEWND | KIE
FZBW T, BEWIZTEWHEL 20 mol% x
TOBEENRERTHD, 20D, AlLO;—
Fe,0; 1 7 v & AEEIR & L TE TR
DI OIFFMAMEICBE T 5T — & 1, Ik
I DR A FEOREL O L DIZIR BN D
TEDPDRERAFEFEEDR o TNz, K
WF4ETlE, YL E THR S 72 (AlgsFeys)20:
a7 X AEEERBS X O Fe03 ~~ & A b

IZDWTCHRE PR > 2 L E—JIE 21TV,

AlLO;—Fe,0; =2 7 U ¥ LEEERO = v Z )L
B —OIEHAEMEO R E S 215 LTz,

(AlgsFegs),0; 2 7 > X AEVRIRIE, FALK
FEAMEEICB WV TEE LD y-AlL0; &
y-Fe,0; Z IR F CR— I VE AW TRA
THAN 7 I ANEIZL - THERENIC
ARSIz, R X BREWTHEICEY 25
VA LEE R FEORMREITH D Z L Ak
WL, BT 20 e —R]IEIZE,
T3 R =R E iR VR G 2 AV e
705°C (TR 7Z T AR FE N O R U B Eh
(2PbO-B,03) ¥AMEIZ, 3—4mg D¥EEIE L
[ D72~ Ly hEEHE BVEE O SMAlN B T
T &, EOROE FTEME (AHgs) & HIE

L7,

10 HORET — X OFHEENE
(AlgsFeys),05 = 7 > & AlEIERFS KO Fe,05
A~ XA ND AHgs 1L, FZE 4 115.9(19)
kJ/mol, 165.8(7) kl/mol & & 7E & iz,
Kojitani et al. (2009)iZ & % Al,O; =27 > & A
® AHgs = 106.7(5) kd/mol 5 & HiAH
(AlgsFes),03 = 7 > ¥ AEEERD AHys 1T
0.5Al,0; + 0.5Fe,03 A D AHgs &2 LN
728, 136.2(4) kd/mol L:kD BN 5, Lizn
T, HLAEA 50 mol% AlLO; IZH 1) HIRA& T
U EIVE— (AHpmi)lE 20.3(19) ki/mol & 720 |
SRR EREA AT T MK D54 4V 1
ENABY DO XN E—DIFHEE T A —
2 Wy X 41(4) kdimol & & 57z, Z 2 T,
AHpmix = NWX(1-X), n (3T OGA 4
VIEOE, X IZEAGERTHD, WEIZ
Majzlan et al. (2002)23PNHE CTxRD 7= Wy =
58(5) ki/mol D#) 2/3 K& X THHZ LK
LNk ol

References

Majzlan et al. (2002) Phys. Chem. Miner., 29,
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Kojitani et al. (2009) Phys. Earth Planet. Inter.,
173, 349-353.

Keywords: corundum, hematite, solid solution, non-ideality, mixing enthalpy.
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ERZRRPE/NO T R4 b brownmirellite BL#EiS
CazFexOs @%—E$Q @ﬁ*g
SNIEY, B, ALK, WAZ—BR GRIRAK « £oiRiR)
High-pressure phase transition in brownmillerite-type structure Ca;Fe;Os

with oxygen-defect perovskite
Kuwamura R., Kyono A.", Takagi S., Yamamoto G. (Life & Environmental Science. Univ of Tsukuba)

[IXC®IZ] CaSiOs IE T~ ML DAL 2
FD 1 2EEZHLNTOD(Irifune, 1994). T
i~ MU Fe 0 AR5 D 3 iR A 4
UARL, EALHHY CaSiOs D Si & —EE
B CHEE KMo~ ~7 A A (CaFe®*Ozs)
ZHE Rk L TV D (Navrotsky et al., 2003). &L
T, ZORRFE R0 T ZHA RN T~ b
VPRI 5B % 5 2 TS AT REME DS FE RS
LCW% (Jackson & Rigden, 1996; Tsuchiya
& Tsuchiya, 2006). Lo 7 A7 2T AR TH
% srebrodolskite (CazFe Os)l, EH AT Fe3t
% Al NEH#T 52T brownmillerite &R
WAL, ZAUT > TZE/MIFEDS Pnma 7>

5 12mb (223 % (Redhammer et al., 2004).

7=, brownmillerite BUAEE LB IR ClEA
AT 2L —MERHBLT AL HBIT

WA (Kriger & Kahlenberg, 2005). Zd 2912,

g I M 15 28 %719~ brownmillerite TH5
D, FOEEEEMEICOWTII R S8 %
V. FZCANEZETIL, srebrodolskite &
THEEFTD XRD &7~ 5 W omohra Fkhi
L brownmillerite D& & RFIEZGH~7=.
[ZEBFHIE] HREWED CaCOs & Fe03 %
2:1 TIRALALSDIFIZANT 12000CT
50 FRREIINZALT-. B L7=1%, =Nz A/
TR T ALy MRIZIRLUE D, FFOY
1200°CC 50 FEEMNZAL, ZD THE% 3 Al
DIRLT-. BocilBbhE, AZy =4 /) —
JLiK 16:3: 1 OJENREESIZ DAC IZ
FHALZ. @E XRD E@ET~ o8,
KEK-PF BL18C LA T ~ v 43 K 25
(JASCO NRS 5200) CZNZENFEhEL7=.
[#EREELR] RIET~ oI OREE,

10 GPa UL | TF~ L AT NUIZE LB,

Intensity

Intensity

20004

15004

w] 2= 2.330

- Pn2a
wel WRp=428%

3000

1000

04 ] 1 (RTI [ T TN N N A N TATN R TN T
10004 — V_‘—"""\/‘-—v—*\f\,]\/“ I
T T T T
5 5 20

Diad &t 20GPa £THAREL7Z. 5+ XRD @
fES, 9 GPa ETIXFEATHFZE (Ross et al.,
2002; Vanpeteghem et al., 2008) TR & 7=
Birch-Murnaghan OJRREFFEAE B —EL
7273, 10 GPa LA ETII T nBizE 1272 o7z,
Srebrodolskite o & EFH DR Ab MG 2R T L
TGS, ZE[EIRE Pn2.a D) 12.8 GPa O
X #REfr 32— I B —E L= (F
X). Z3LETIZ, ABOs i 1213,
CaFeAlOs (12mb) (Redhammer et al., 2004),
Mg2Fe2Os (Cmem) (Siersch et al., 2017),
Mg2Al,Os (Pbam) (Enomoto et al., 2009),
Sr,Co,0s (Imma) (Sullivan et al., 2017) %5375
FELTW5. LasL, srebrodolskite o7& E+A
IXTNDHEIT R DG THD ATREMED = V.

Pnma

wRp=9.25%
Rp=5.75%

P =1.05 GPa

20 (n=06152 A)

P=12.75GPa

Rp=219%
2 = 2.305

20 (1= 06152 A)

[<]. Srebrodolskite MV — k)L MIET # 5

Keywords: f#5% K o~ 241, Brownmirellite %A%, Srebrodolskite, )£ HERR
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COz distribution in COz-rich melanophlogite structure
Masami Kanzaki* (IPM, Okayama U.)

Crystal structure of COz-rich melanophlogite from Fortunillo, Italy was studied using synchrotron
powder X-ray diffraction. Original and two heat-treated samples at 500 and 1000 °C were studied. The
diffraction patterns of all those samples can be indexed as cubic cell (Pm-3n). For the non-heated
sample, COz occupancy for M!4 cage is close to unitiy, whereas about 0.85 for M2 cage. For the 500
°C sample, those occupancies were reduced (0.79, 0.57). The electron distributions obtained by MEM
analysis clearly revealed orientationally ordered CO- distribution in M!2 and M4 cages (see Fig. 1).

Avtayrrarv:ixs/770l%4 Mi
CHa, N2, CO2ZED/N X Witz &
clathrasilo—ffiTdH %, b b B X
CHRENTW B2, CHiN2 % K &
bDOWIFEAETHD, COE T ICEL
B R EGE TR R L 72 v, 22T
COz2ic & ¥4 # V 7 Fortunillog @ #tkHZ >
WG 2 T2 72, £, CO202DOD
=Y (MI2ZEMINZEIT 50910 b TR,
9285451k © Fortunillopg @ aHIEH 72 BRIR
DIIRE R T, ERIEEI ) TH DD, 2
Mo TR TR (L BUNR SR D%
G TH -7, RICHEMEEIC X 28505
EIESI AR EEbI S, o —Eix500
°CL 1000 °CTZzNnZzn104r, 24K
L7z, BIRXEREPT Y —HIEIC L S &
2ToakEHT, A E LTHREMHT S
7o (ROGEEMERBIZ E FET50%) . 2
FTOHESINLAT// 70 v A FZER
TIRIEA L STV 528, IE IS RS
L= R3BE I, DT
DIFNTIZZ M E LT T2 %, Dby v
7uabua vty —(BL5S2)IZE T 3k
BLoMREITHIEZ T2, Ny 72777
Y FHIED7-DIZEDF Y ET V| HEK

IEDFEDIZNISTOCeO2DHIE D fT- 7, W
B2l Ach 2, V—F~L M2k 2REE

K2V IZRIETAN-FP% . MEMf##H71z 1%
Dysnomia#% {fi - 7z,

2020

RO LR AL L 2R R, B
Ik 2EAHE Q) Dbk k{—
HL 7%, MROETHEFFZAM 8T XA =83
BEAFOMZE L D REL o 7d3, ZHUdh
HIDOWFZEEARICIZCHan % < | 2o Z s

&7

Figure 1. Electron distribution of CO»-rich
melanophlogite (non-heated sample)

Mi2ZFICHAELTWZ & CRRTE 3,
CO20 5 A I IEMEGUELCIEMM4ANZIT 1
T, M12230.85 & 7 o 72, 500 °CULE R}
TP ADT-D120.79 L 0.57IC FH3 -
toMM:¢L%w%Eﬁ#E6*u;

MEMIZ B4 # Fig. LITRT, M2
&MM&BE% B DRE D ST DN
TED., CO23 Ty —YHATRIAE LTS
ZEERLTVES,

Keywords: melanophlogite, CO2, electron density,
Rietveld, MEM
*Corresponding author: mkanzaki@okayama-u.ac.jp
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Ca0-Mg0-Li,0-V.0s 75w o RZEEL B W= hime 2
FIWATTA FDERK
SR AR 1R

Synthesis of Silica Minerals and Forsterite with CaO-MgO-Li,0-V,0s
Flux

Toshiya Abe* (Yamaguchi Univ.)

T, Lie0O-VeOs 2 ELTDHT7 T v 7 R,
X %4y (CaO, MgO, Na20, B20s 72 &) %N
212 DE BB, WL O OF AR E
HTET=. EFEOARFESTHE, CaO-MgO-
Li2O-Ve0s5 77 v 7 ZATOI Y RO
HIZOWTHE Lz, LU S, MLE
HOHBLNEE R TZO ARG b7, S
512, CaO % MgO LA Ex =Bz, B b
FEOBAEMAm RO DL, SFEX, =
DfbE &, ORI LN/ >T2> U AFEHO
fl SRR HIZ DV TR R 5.

Fig. 1. Tridymite.

FEAEHE L7- L 9512, Ca0=0.835 D7 T v
s 2 ClE, 1050~780°C OB, $5 L O
900~780°C T D I TR % 4T o 1= i e, F7 3,
MIFTo4~A b, ZUAMTAIHRRDS
N, F¥E, 800, T80CTEEEN, A

AW CRIR O A ~T. N T 4=
A M, FERE TV I &2 HFEEHZ L7 900
~T780°CDOFEERT, SNABIRORESLE L TR
B 5= (Fig. 1).
870°CLL F TlZ, Qtz 23 b % & T, Trid,

Crist DIETH B8, FEME TV D EFEHL
72 800~880°C M NN#ENFZER CTlX, Crist > Trid
>>Qtz DELLTEHBEBDOHNE. L1L,
1000 <> 900°C DINER, HFrIZ R REM 25 TIE,
REMD NV T 4 ~A SPBEICRD.

i. 2. Forstrite.
—7J7, Ca0=0.6 Ti¥, &< RRDHERMN
BHohiz. Fig. 21%, 1150 75 1000°CE T
DO HNFEEREE & Y, EAESR L THE LR
i R L TCWA. Zabix, forsterite
T o 7. M H RTHE 72 bk 1 B SOV S L B o
PEIZITEEE > TRV, itk XD HIK
WIRETDT7 T v 7 ABERNATRETH S,

Keywords: synthesis, flux, silica mineral, tridymite, forsterite,
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ENBIZET S FeSiOsNA ) EV—RERIL
*Eiﬁzﬁ%*ﬁtzﬁzﬁzmﬁﬁﬁm

ARIS BB, ABREIT Y, E BRI 2

Jegthinl °, P} B,

R ¢

(" JURHE? 5 H AR AT, TASR, f“ KH)
Localized deformation induced by the olivine- spmel transformation in
Fe,S104 under uniaxial stress
Y. Mori*!, T. Kubo!, T. Iwasato?, Y. Higo®, Y. Tange?, M. Miyahara*
('Kyushu Univ., > Shin-Nippon Nondestructive Inspection Co., Ltd ,>JASRI., “Hiroshima Univ.)

1. RL®BIT

FRMEOFREME I, &Y v v oIk
MR A BLE L w3 L RAERRI
T&7 (eg Kirbyetal. 1996), i F TIC
T u YE D Mg,GeOs % 72 1F5E 1%

%< 25 HDD(e.g., Schubnel et al. 2013),

Z O FE I 3-5 GPa LK\, % 2T,
ARFFCTlE~ Y A Y v v olils T
» 3 fayalite % T XY EET CEFAM
R RER 2T\, Z D JE 8 % iU
Z D% L . AE(acoustic emission)Hll7E 1<
L0 AMALENSEETREL .

2. B

HARYIE I, mwmu&ﬁ@oﬁx%m
uxto SPring-8 BL04B1 ICE% & @ D-DIA Y

EIGEEE I MA6-6 7 AE HIiE v 27
A (Iwasato et al. 2020) % L »IAA T, 6-10
GPa, 400-800 °COFEIK T C. —Hl/EAHEZ T
B J % fayalite(4 U & ) —ahrensite( A
A OIS R 21T o 7o AST X I
1% 61 keV DREEHE X 2 v, ) 4-
SIS 2 RIT X MRET L 7V A 7T 7 4
— & WE LS JI-TE A R & AR L %
=X L7z, EBRITE T fayalite ZERE
TT 1287 ==V v 7 %{T- 724,
ahrensite ® % EEIL £ IR CHE LiA A,
EFT v e 2 ZALERE—TE 200-300 pm/h
TER X2 h b —E#RE T HiR0.033-
0.083 K/s) L T1T» 7z, [EINGEID SEM &
UNEBSD = v vy 7 &2 T\, GHgGic s
2 MRS R & BT o /it 2 et L 72,
3. ERERLEER

/E|\§+“C“ 4 DDOMHIEHERD 5 b WL
b KEWEMES GPa)ﬂHE% (5]
AE 23l & L7z, IR R, CRIEE
o122 fEFafEmBH Y, oL &
fayalite DIGSIIIFIT—E TH 523, Hi7-1C
HE L T % 72 ahrensite @ %7113 EHF

(hardening) L T3V . AE ERZR DGR T X
HohTwaw, AE DFEICh 2D 5T,
ahrensite 1% ol Xt L CEESTIAIC E AL
K3 225 HEECTH -7z, AE X
nrzEkB T, BEAFREAY Y EERN
ZHLY PR R v R A D S T B BT
78Il 2 1 & (Fig. 1 A£). 22Tl
FHEA Y © v D ¢ W& AW IS AT I 7
3 &) mERE N2 R b,

—J7. AE EHE X i o BTt
HEEREZ > Tb D L) BLEEOR
FrtiZ@lg s ng. BHED fayalite DL
L L (Flg 14,

Flg 1AE %ﬂz%ﬁﬁ@l&ﬁﬂ@%m(hn M2935)
JRFTRYIC fayalite RSSO A 7ZBTHF OB () & AR
B o RATE L Tw vy o8k (). B a5 58
fayalite, R @ EE 5323 ahrensite. RARTER 44%.

1 1203 2 fiki 7z ahrensite D B )5 E 23
I D R & & A MR L E % 5] % i
CLTCWBHEENRD B0, XVEFELWT
O 2% 2ICT 572910, TEM Bl %
et cd %,

BIEE
ARWF5E 1L ISPS BHfZE 1P25247089 K O
JP18H05232 DB %32 F 7= DT,

Keywords: deep earthquake, olivine, transformation, deformation, acoustic emission
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Effect of Al on high pressure hydrous minerals stable
under mantle transition zone conditions
Akio Ohta*, Toru Inoue, Masamichi Noda (Hiroshima Univ.)

AIZHIER R I Z R BAAFAET 5 R B el
FERR Gy D— ofz%@ AT T DIRFRIAFIT L
o THAZHIERNERA~ LS S, SR O eSS
ERMEEEICRE R L 52 T0h, w2 R
VDT ERER S I Tolivine TH VD . T DEE
FH T & % wadsleyite(LL T Wd) &% Utringwoodite
(LA FRWIZIX2-3wt% b D AKRBE ENGFD Z
EMEBRICHA LS, v MVERE
WFKDORTEE & 72 0155 2 &R ST
% (Inoueetal., 1995) . ITEX A ¥EV N
BHEHFIZEKRWIIFE L &4 (Pearson et al.,
2014) . v MVEREITD 2L &R
IZIEEKIE L TWD Z EMBALNNIZD M
BRSO OFEmI TERIL L TE T\ b, —
¥, < FLR°MORB HCTMg, Fe, Si (2K
WTELAFET HILHRIFAITH U | AlOAHER
IZa e (APY) THHOHED T v T v
THEHBIZEY ST OEKEZENSED
AIREMEDN B D, ARFZE TIXZ D AREMEZ R D
N v MVEBRIESRME T CRike EFER
AT -7,

il e BRI 1T, B IR K P GRCRR E D~
NFT NS ALEE A L, i
FEWEIZ1IMESi04-ALOs-H0% DERL Y -
KB DIR G IR Z O, ALR A 28 2 7= JUAE
¥HObLOEHE L, EBREMFIE~y MLiE
BlE &tz /mEBd 572D, 1520 GPa,
1400 ‘CIZRZE L7, RIUGREH IS A B4 |
B T K 2 MRk 22 ) O'EPMALC &

DAL DORTE 21T > T2, B O G KRN,
EPMAJIE C Dtotal R EN D RFED o7,

K8 & LT, Wd, phase D (VL FphD),
phase E (UL TphE), superhydrous phase B (LA T
SuB)MWER S iz, F£72, SuBIZne b %<
DAVEETHEM(LL T Al-rich SuB) 23RS S 4.
BEIZ# 2 @ & % Kakizawa et al. (2018) D55
LR TH D, SEIORERIL, SithA b2
4 BN OHY) TIE2Mg? 2 AP+ H O EH#L3
0o W—0, SithA hA6ENL DI
TSI 2 AP+ H OBE#NE Z VLT n 2
R LTV D, 2 ORERITRAA 4

VRN DB L ﬁ%uﬂﬁf&;éo ZDX
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Temperature dependence and effect of iron content on nitrogen solubility
in bridgmanite (MgSiO;) under lower mantle conditions.

Ko Fukuyama” (GCRC, UT), Hiroyuki Kagi (GCRC, UT), Toru Inoue (HiPeR, Hiroshima Univ), Toru
Shinmei (GRC, Ehime Univ), Sho Kakizawa (HiPeR, Hiroshima Univ), Takashi Mikouchi (UMUT)
Yuji Sano (AORI, UT), Cécile Deligny, Evelyn Fiiri (CRPG)

Nitrogen behavior in the Earth's interior remains poorly understood despite its geochemical importance.
In this research, we synthesized bridgmanite at lower-mantle conditions using multi-anvil apparatus.
Nitrogen solubilities in bridgmanite were determined using a secondary ionization mass spectrometer. A

series of experimental results revealed that nitrogen solubility in bridgmanite increased with increasing

temperature and iron content.
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Incoherent grain-boundary nucleation and rod-like growth in the post-perovskite transition
T. Kubo*, K. Yamashita (Kyushu Univ.), N. Miyajima (BGI), Y. Tange, Y. Higo (JASRI)

Lattice preferred orientation (LPO) of bridgmanite (pv) and/or post-perovskite phase (ppv) is possibly induced
by the flow at the base of mantle, which may be responsible for the strong seismic anisotropy observed in the D”
layer. However, their interpretations are still under debate. In particular, the post-perovskite transformation
exhibits topotaxy at least a certain condition in analogue material (NaNiF3), which may cause LPO transition,
and thus should be considered when interpreting seismic anisotropy (Dobson et al., 2013). In their study, topotaxy
in the ppv transformation has been found in the single crystalline sample at large overpressure and low
temperature condition that is far from the equilibrium boundary. It is likely that the transformation proceeds near
the equilibrium boundary in the D” region, where incoherent grain-boundary nucleation and growth mechanism
may be dominant without topotaxy. In this study, we conducted the ppv transformation experiments in
polycrystalline NaNiF; to investigate the dominant transformation mechanisms in the D” layer.

We have succeeded to synthesize polycrystalline NaNiF; perovskite that is used as the staring material to
investigate the mechanisms and kinetics of the pv-ppv transformation. Transformation experiments were carried
out by using two Kawai-type high-pressure apparatuses with the quenching method at Kyushu University (QDES)
and with in-situ X-ray observation method at BLO4B1 of SPring-8 (SPEED 1500). Transformation textures in the
recovered samples were examined by SEM, EBSD, and FIB-TEM.

Fig. 1 is a schematic figure showing summary of this study. In-situ X-ray observations indicate that the
overpressure (dP) needed for the initiation of the transformation drastically increases with decreasing T. Dobson
et al. (2013) reported the martensitic-like mechanism at large dP, however the ppv transformation can proceeds
at much smaller dP conditions. Near the kinetic boundary, the ppv transition occur by reconstructive mechanism
(Fig. 1a, b), suggesting that the former LPO pattern will not be inherited but erased by the pv-ppv transition in
D” region. At higher T and smaller dP (Fig. 1a), the ppv phase preferentially grow in the a-axis direction outside
the parental pv grain, resulting in the
formation of large rod-like crystal
over the parental grains. The fast
growth by rod-like ppv crystals
occurs by the migration of
incoherent interface, erasing the
texture in parental phase. Relatively
large ppv crystals contain thin pv
lamellae in two direction with having
topotactic relationships, implying
the ppv =>pv back transformation
during decompression at room T by
martensitic mechanism. The ppv

(b) reconstructive

Incoherent g.b.
nucleation of pv

transition can proceed even at room
T under large dP condition, in which
martensitic mechanism may operate
(Fig. 1c). We will further investigate
the effects of deformation on the
mechanisms and kinetics of the pv

ppv
amellae

<=> ppv transition, which will be
necessary to interpret the mantle
flow from seismic anisotropy in the
D” layer.

Fig. 1 Schematic figure showing mechanisms of the post-perovskite transition.

Keywords: post-perovskite transition, topotaxy, nucleation and growth, LPO
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In-situ pressure measurement in piston-cylinder high-pressure device

using optical fiber
Masami Kanzaki* (IPM, Okayama U.)

In-situ pressure determination method for piston-cylinder high-pressure device using optical fiber and
ruby fluorescence method was developed. A measurement system (Littrow-type spectrometer & green
laser introduction optics to the fiber) was constructed. The fiber was introduced to a high-pressure cell
using 4-hole alumina TC tube, and we were able to observe ruby fluorescence from the high-pressure
cell. The pressure estimated from ruby was close to that of nominal pressure from press load (NaCl
pressure medium). Further application to multi-anvil devices and other spectroscopy are underway.
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Transition pressures of semiconducting II-VI and III-V compounds

for pressure calibration

Shigeaki Ono* (JASTEC)

The high-pressure study of phase transition boundaries of II-VI and III-V compounds has been
conducted. The phase transitions between the zinc-blende and the rock-salt structure in ZnS, ZnSe,
GaP, and GaAs were observed using the high-pressure experiments combined with the synchrotron
X-ray diffraction technique. As these transition pressures are used as the pressure standards in the
high-pressure experiments, the new values influence a wide range of high-pressure science. These
boundaries showed negative dependence. We have found the linear relationship between the
semiconductor-metal transition pressures and dP/dT slopes in II-VI and III-V compounds.
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Effect of water on seismic attenuation of the upper mantle material
Takashi YOSHINO®, Chao Liu (Okayama Univ.)

We report an effect of water on the seismic properties of olivine aggregate in the water-undersaturated conditions

at 3 GPa and 1,223 to 1,373 K by in-situ X-ray observation using cyclic loading. The results show that water

significantly enhances the energy dispersion and reduces the elastic moduli in a wide range of seismic frequencies. An

energy dissipation peak caused by elastically accommodated grain boundary sliding that appear at higher frequencies

become more pronounced as the water content increases. If water exists only in the asthenosphere, this is consistent

with a recent observation that the attenuation in the asthenosphere is nearly constant over a wide frequency range. The

sharp changes of the old oceanic LAB observed seismically could be explained by a significant difference of water

content between the lithosphere and asthenosphere.
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Hydrogen position in Phase Egg under high pressure

Sho Kakizawa*!'2, Hiroyuki Kagi®, Asami Sano-Furukawa*, Kazuki Komatsu?,

Chikara Shito®, Takanori Hattori*, Masayuki Nishi®, Toru Inoue!+?
(*Hiroshima Univ., 2HiPeR, *The University of Tokyo, *JAEA, SGRC, Ehime Univ,)
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In-situ X-ray observation on CaSnOj; perovskite
Daisuke YAMAZAKI" (Okayama Univ.)

We conducted in-situ X-ray experiments on CaSnOs to observe the phase transition from perovskite to post-perovskite

phase. At ~48 GPa and 1500 K, new peaks were recognized and indexed as post-perovskite.
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In-situ IR measurements of hydrous wadsleyite single crystal at high

pressure using DAC
Noriyoshi Tsujino™ (IPM, Okayama Univ.)

In this study, in-situ IR measurements of hydrous wadsleyite single crystal were conducted up to 25

GPa. Pressure dependence on wave number of OH bands of ~3600 cm™ is almost 0 while wavenumber

of OH bands of ~3320 cm™ is decreasing with increasing pressure.
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Figure 1. Pressure dependence of IR spectra of
hydrous wadsleyite using DAC
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High-pressure stability relations of K- and Ca-bearing

hexagonal aluminous phases
IMasaki Akaogi”, *Fumiya Kimura *Hiroshi Kojitani,
(*Fac. Sci., Gakushuin Univ.)
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W~ > N ZIRAGA A TS MORB H oD 51 4H
D—DThH D, ZOMEIKE2 IBENSE, +
D 6 FONLRE /NS 72 8 TS & v 5 =i
DA F AR, T~ MV SRAETK
EEHATEDLMTH D, R TIL, TERF
FeDZ Lo 7= KAISIO;-MgALLO4 2 D FHES
2. 23GPa LLFTODF— 21 Th o1z
CaAl,04-MgAl,04 5% D AH BRI D W\ T
28GPa & TOEER %17\, NaAlSiOs»-MgAl,0,
F(Ono et al., 2009) DGR & B BiA A
2 K DREFIROENEZ] SN LT,

SNVTFT L ENEBEZ R, 2D DFRD
5~28GPa, 1200~1500°C C O fH -l E Bk 2 17
VN EISERE OB X BRI — 2 &
IAFFHOFARR AT & 0 FHEIFR &2 TR E L 72,

KAISiOs-MgAl O, 2 DFE R A X 1 12777,
Z O % TIE NAL #H 723 16GPa DL F |
61~65mol% MgALOs ¥k CZLETH b, X 2
(2. CaAl,04~-MgALLO, R IZ BT 2 4 [l Dk 5
(K& WHEBR )L Akaogi et al. (1999) D
23GPa £ TOT — X & &b TRd, NAL
FHIZ 16GPa LL_L. 65~74mol% MgAIl,O4 i
TRETH D, —J7 NaAlSiO»-MgAl,04 % T
I%. NAL fH7% 13GPa LA |G 48~70mol%
Keywords: high-pressure, phase relation, NAL phase
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N —F A b AERAEEEAEWIL. NAL
FHD R L 2 FTREMEDNE 2 v 5 (1M 1),

- T -
NAL+CF
<

N
[$)]
T

NAL+
Cor+Per

o
NAL+Sp¢

Pressure / GPa
N
=}

15F

A A
Sp+Cor+Ph-X+Py
I R I R 1 R I

20 40 60 80 100
MgAl,04

E Hol+Cor+Py+K,0
100 -
KAISiO, mol%

1. KAISiO:-MgAlLO4 5 DA (1500°C)

T
30k NAL+CF |

L Ca-CF o ]|
[ NAL + Ca-CF NAL B
| |:l —
£ /o a u .
©20ey LI I -
= B - b
= L M m [=] <>
% L © © v 5
= _

Ca-CF + S

10 P .
L Ph-IV + Sp i

| 1 | | | | |

0 20 40 60 80 100
CaAlLO, mol% MgALO,

2 . CaAl,04-MgAl04 5% DFH[X(1200°C)



R4-01

ALY A FREIZKRELE-RATT) VEEESFIED

wi Ll

Ve (TR ) |

iﬁﬂk@?z%
JIERE (EyEE K7 |

AL (KEK)

Structural change in the monolayer of stearic acid adsorbed on a calcite
surface: Effect of salt water
H. Sakuma® (NIMS), J. Kawano (Hokkaido Univ.), H. Nakao (KEK)

WMoy DI N A SREA~WE - BB
A O [P - HEK SR IS Lf:YHﬂ
NS AT 72 A BB S 70 & = kb — - B
BAL BN THETH D, AW TIE
TN A RS O{10.4HIWE LT AT T
U W (CH3(CH2)16COOH) HLoy DA%
BT ) —)VE IO KT, £ X Bk
BLEEHWTZEOGBIE LT,

~ZM L7t A R % 0.5 mmol/L @A
TTYV UMY ) VERICRE LT, £
D%, A A HE%E 0.5 (241 2 72 NaCl,
Na;SOs. MgCla. MgSO, K ¥R T i E L
2. Fim X #RECEL IR 1T KEK-PF @ BL-4C
THEME L., fEsmIRm & TmE TN OE 5
o3 AT A AT L7z,

X MREELIREE D2 A X 1 IZRd, HiEh
IR D78, WEIC Y T b LT R
&waéoi&/—w¢:‘féxﬁﬁ
ﬁ(%l@%?%)@%AE%@%@%%
L. A7 7 U CERE 7 JE WA IR
%, NaCl KK CiE, A7 7 U VRO H
S FGE TER T S IREIANER L, Bzl
BHEO Y — 7 ZFFOWEL Y — BN
Too ZOYE—ZA0EIX, A A DRI
BIF L, BA A UREICLD2EVITA LN
Mmolz, THHDE—71I/A A I

2020

ANTATT Y UBRGF DN A RE
RS L. o Bragg SOb & fRIRT &
D, ZORERIT, HHAKE ORI X L
FA FREIZEAE LIZAT T U VBRSO
B2 = B3, F D%, HAKTOBA F
VERVIAATATT U VEEDRERIE L,
KENIWAE LToEfEE R Cns 2 & &

ABIT TN O REFIZ, Wy
LT 15 2 fRit T %,

10°

mMNaCl —e—
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10"k
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DI
fa

Reflectivit
%
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L
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o
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B 1 X BREELIRE 2k, b - NaCl K
e R = F =V P ORT T RS
AHA S FKiH,

Keywords: Adsorption, Monolayer, Crystal growth
*SAKUMA Hiroshi@nims.go.jp



RS5-01

FERET AR L C0 TR & DEEFRRGAIERER
TABRIBES R DIRIR AR TOREREOHIH
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# (LR

Oxygen isotope exchange kinetics between amorphous silicate and CO:

Constraint of thermal history of silicate dust in the protosolar disk
Daiki Yamamoto* (JAXA), Shogo Tachibana (Univ. of Tokyo), Noriyuki Kawasaki (Hokkaido Univ.),

Michiru Kamibayashi (Univ. of Tokyo), Shogo Tachibana (Univ. of Tokyo), Hisayoshi Yurimoto

(Hokkaido Univ.)

PRI I ER SNV I RO E BRI A
DT FENARS BN s KR HAEIC BT
LIEFME AR E - H0 T A- CO HAM DR
RFENARZHROFER THLEIRNSND (e.g.,
Yurimoto & Kuramoto, 2004), 46 5 [E (A4
EORRBRUTIREE I /)72 & ol o M L,
FER BT R AT I o TR AZHA SIS D HEAT FE
X B BT | HRIFH) HIER SN - O 1k 3R R
(AR T A O W B L ERBEHE T D 72D D
BIEL2055, ZHETHD THRIRE e E
THLIEME T AR AL HyO HALDE
F R AR A2 HH BE 2 EBR A ISR E L2
(Yamamoto et al, 2018: 2019), CO H AL D%
F AN AR HOR FE VIR IR TH D, ABFFET
X, FEERE S AR S ARE CO HALDEEFEF
PR A SRR I % BRI IR E LTz,

HEMEIL, BT I X~ TAERESNEZ
BPRIBE~T0nm D7 4V AT T A MK O FE
FABRYE ) ki (LARE, B
A4 ) & Tachibana, 2018;
Yamamoto et al., 2018) &\, JRAE KGR M
M DAREA ABR AL 72 CO 43 £ 0.3 Pa DA

BE T AINVATT

(Yamamoto

2020

ABRBEC, IR 883, 853, 803 K TIMME 7+
IWNATTARE B0 IZE Te CO H AL DR FINL
R IR A F3 20072,

INEE D E LI BEDOEETHY ., B FH
AL AKRLRR I, INEAIE RIS L CRELBRDIC PO
W8 2R LT, BRI 7R FALRAR R D
BRI 2 biX . Bk~ = ot PEH#E  (Crank,
1975) TIEA 7, FFmEMHET DO CO
O OIEHGEEE TIE7e<, CO T AH EIE

EREAEE T ~D CO 3T DT IAR, TITiA
A2 CO 3 FEERE T A VAT TA M O

F LD RN AR A BB FE S S 2 AR L TV D
ZEEIRET D, Fo, ERBE T ANVATTARE

CO LD FFN AT HR L, HyO D% 5
D 1/5-1/10 fEFEFE T, H,0-CO H AR D[ENL
RAZHORE LD 4-5 H REWZED DTz, T
DFERICEY, FEEE T AN AT TANNB T AR
i AR-H,0-CO WO 5 [RIE (AR -1 2 o
ZfififhE & U CTB < FTREME D38 D

Keywords: Amorphous silicate, Carbon monoxide,
Oxygen isotopic exchange, Protosolar disk
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Mineralogical study of CR-related meteorites
experiencing thermal metamorphism and partial melting

Daiki Abe*(Univ. of Tokyo), Takashi Mikouchi (Univ. of Tokyo)

IZCHIZ: £<D CR I RIAMINKE LK%
ZATTRY, EITEAFEXAT 2 (IhEShD
[12], L2l WD D e TRFZE Tl aiu 2
E%E%I1F7= CR6 2 FIAMDFLENHES
NTWBI[3,4], Fo, LV EBEA TNDHEE
Z Hi5 Tafassasset <> NWA 6962 @ O, Cr, Ti
[FINLAARKE AR S CR 2 RTA MEIKIZ 7 Y RS
HZ b o7 [e.9., 5-8], CREFRIADEE(L
PHETH ETINDLORNVAE R AT, &
DI IR A R BR U T- BB A1 O 2 A 2 - S 2
HIBARMEZ MDD LT EE THDH, £ T, AW
7% CliL NWA 7317 (CR6) ., Tafassasset M OV
NWA 6962 DOFLY) FHIMFFE21TI0 T2,

BB P AMFZETlE, NWA 7317 151 O,
Tafassasset {3 2 >, NWA6962 | % 1 > 7k
PR T~ 7, JeFBAIMEE K Y BSE 21T L D1
k#8122 247 EPMA (JEOL JXA-8530F &
JEOL JXA-8900L, \ 9" #1h @ HUK - H12%) (2 &
DELRAE T H AT o T

A5 :NWA 7317 1% porphyroblastic 7R %%
7KL . barred olivine = R /L—/L & x B DAk
R enl, FEMRIEDIII T80
(Fasss-366) « =1 Ca BEA (FS101-134W042.4.447) | 1K
Ca J# 41 (Fsz77:200W02032) « A& A (Ansso-
5350r07.16) « Fe-Ni &4, Z7u~Ah, haAZ Ak
72572, —J7C Tafassasset (ZIZHHGMRa RN
JL— VX Bbi9, poikiloblastic 72N 7.5
7z, Tafassasset O FEAERRILMIIA T4
(Fazs7-203) « 1 Ca AT (FSo3133W036.5.442) « 1K
Ca J# £ (FS216240W02442) . & A (Anzio
57.30r07.82) « Fe-Ni &4, 7a~Ah, haAZ Ak
77 o7-, ¥7-. Tafassasset 1% 2 77 [ CTHM%
Hi?p EITEOS RS, Bz, — 5o R
TIIEA LR EADO SN AREE Th-oT,
NWA 6962 X KER 53 D3RR O T 2T 47 THE

DRSS TEY  WRRIET T T 4 (Fause.
7)1 Ca JEA (FS11.1-25:W043.1.005) . FHR A
(Ano.3560r0.107) « Fe-Ni &4, Zua~Abk, baA7
AN STz, F2, BT aHRIIEAVNEA Y
DIFEEL T,

FHinLiEim NWA 7317 & Tafassasset Tlidh
VIV AT E Th ol L,
Tafassasset (JHEA K& OVFEHE A O ERA NWA
7317 LR TRBEE TH -7, £7= Fe-Ni &4
FHRZIZHE WS B, NWA 7317 Tk~
A1 (6-7 Wt% Ni) &7 —F A (17-25 wt% Ni) 73
IMSTAIZAFEEL T2 23, Tafassaset (2138 GERY
AR — = T D LB AT (5-28 wt% Ni) .
NWA 6962 |ZBEL Cldr A B SL ) Db Sk
75 NWA 7317 J O® Tafassasset &b~ TR
ThH-oT-, F7-. NWA 6962 TIIERnkD A5
A RNZER OB A AR A B b,

L Dz &M, Tafassasset 13547 15 il 4 1%
BRUTZDS AV RIS BT 52 L7 < | i iy F<
WHIL, FEd b L7272, NWA 7317 (CR6) LV
LI R DI THDHEEZ 2 LD, Tz,
NWA 6962 LRI AWRlARRBRL . 2205
fEE b L= T DY Tafassasset L0, S0
BN EIEE (T4 Fe-Mg L1y —=
7 B0 RAEY 1 400°C/4E (1100~800°C) ) T
AERELT-ERE ThHEB 2 NS,

%3 SCHR 1 [1] Weisberg M. K. et al. (1993)
GCA 57:1567-1586 [2] Schrader D. L. et al.
(2011) GCA 75:308-325 [3] Bunch T. E. et al.
LPS XXXIX, #1991. [4] Irving A. J. et al. (2014)
LPS XLV, #2465. [5] Sanborn M. E. et al. (2019)
GCA 245: 577-596. [6] Sanborn M. E. et al.
(2019) LPS L, #1498. [7] Gardner-Vandy K. G. et
al. (2012) GCA 85:142-159. [8] Hyde B. C. et al.
(2017) LPS XLVIII, #2168.

Keywords: CR chondrite, NWA 7317, Tafassasset, NWA 6962, thermal metamorphism, CR parent body
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3D shock recovery experiments for plastic deformation heating during
shock metamorphism

T. Niihara™ (Univ. Tokyo), K. Kurosawa (CIT), H. Ono (CIT), W. Satake (CIT), M. Kayama (Univ.
Tokyo), M. Koike (Hiroshima Univ.), H. Genda (T1Tech), T. Mikouchi (Univ. Tokyo), Y. Sano (Univ.
Tokyo), T. Matsui (CIT)

XU ®IT  Stoffler et al. (1991) [1IT & - THr
B E D EEa Y KT A NOHEHE:
BRI 2SI ERIZ L Y B2 b vz E
JIREE, BRI S EREEN F
L BTz, S1~S6 35 K OMEBRIRREE 25058
LIEEBERENERZINL, B Znn
SRINT&E, ZOFEBRERE T, L@
A RIA MO RBAREHT b IRE S 7
HWHENTWD, Z OFERZERLROEHE E
FIZ-DW T, Kurosawa and Genda (2018)[2]i%
iISALE [3-7]% V= 2 IRE O S fEE 28 2 R =
L—3a U aATo Tz, PR TEINED 5%
(2L~ T, Stoffler H[1]25F & b 7=l AR,
FEZEORE EA IV RES DR
BEfMLCVd, 20Xy RBHEERIZLD
INENZ SEBRIIC R LT filix7e < F72 1koe
TOEBRERTIIHHRT L2 E0H LV,
Z D72 3WIE T O REEULFEER 21TV, 8
PEZETEIMBGH R D FEFEE AL T 5,

AL ERFE HREINFERILTETE
KFICHREINTND 2B 22 HH
W5, Wil K74 MIFERICHET 2R
BHEIZIR Y 3 H D720, 13 U DIC IREEIE A
(KREA) BXOLREZ AV CERTIE

DB EATH, EBFEHIEL 30 mn, &S
24 mm ORI L, F2rloar
T F (OME 50 mm) (UGS D, T AUICTEZE
RO REZZHFE 8 km/s TOEZEZIT ),
RAKIZIIHR Y =R R A FEREHWS,

fERLBE FTRBEZEHALELaUTT
DEDREHLD AL EIT -T2, ZHIUXED
W COEBRE OWREE 72 D X< D <
MOEIRE T RO SRR 2 HmE )
ERHX AL THEROIELL Ehr A
ITHo52EMTEDENETHD, RKEALZH
W PR ER CRAER 2 T2 HET
HZ e, B ERIRT A LN TE T,
A EIGREHZ D W CTHR FH I BLER 21T,
TRERIE S LIRE LRI DWW TEREIT ),

%3 Hk: [1] Stoffler et al. (1991), GCA 55,
3845-3867. [2] Kurosawa K. and Genda H. (2018)
GRL 45:620-626. [3] Amsden A. A., et al. (1980)
LANL Report LA-8095. 101 p. [4] Ivanov B. A,
et al. (1997), NIE 20: 411-430. [5] Wiinnemann,
K., et al. (2006), Icarus 180: 514-527. [6] Collins
G. S. et al. (2004), MAPS, 39, 217-231. [7]
Collins G. S. et al. (2016) Figshare https://doi.org/
10.6084/m9.figshare.3473690.v2

Keywords: Plastic deformation, Ordinary chondrite, Shock metamorphism
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NWA 12774 727 54 b D ¥ - 2 RAFE R
T 52 GRK-FeEE) . Hwayoung Kim (& [EARHIAT) . Nak Kyu Kim (G E AT |
Changkun Park ([E R HAE) | =N i CROK - bfHE)
Mineralogical and petrological study of NWA 12774 angrite
Hideyuki Hayashi* (U. Tokyo), Hwayoung Kim (KOPRI), Nak Kyu Kim (KOPRI), Changkun Park
(KOPRI) and Takashi Mikouchi (U. Tokyo)

FCDIZ T 7 TAMI KRG Rl O L
Bral NI hO—FT, M TR ITHEBL

FRERME T HRITE A TREY (B2 Keil, 2012),

BEHBRERIRGHEBED 2 > DT L—TZ
SFHND, BEBROT 7 IANE IR
DT T TARLOG O B LR E R L,
BWHIALT o —LlpoTnb, Ao 7T
YTTANMI IREAOMELEMERRE L, —
ERILIR A7 &1 T D AR D BRIk A
B, AEHsk0 T I MT, BBk T
FLRR N B 720 | I ENEE OFEWZIVA LS ES
Z 53T (Hayashi+, 2019) , AHFZE T,
B3 RLEI 72 NWA 12774 12O\ T, S5 -
AA MR EIT O, HUOMEER 5
NWA 1670 &% T} LEW 87051 & thilia17 -7,
BT NWA 12774 3R 26588
85 K% Y FE-SEM CHIZL , fLF AR AT I
FE-EPMA (JEOL, JXA-8530F) & v 7=,
AEFLNWA 12774 (FBEMRRZ /R L | bhigrd
FLKE (~ 500 um) 720 2T o 40 <0 LA A o BiF
& IR 72 4 SRR O A F B kD . NWA
12774 1%, T4 A | IKE A, B
IR EL TR RV, BRER, haATA NG
T, LRI . EPMA 22 50058 O KD
LHEE T DL, Si0,= 40.1, AlLOs= 12.8, TiO,=
0.55, FeO= 17.6, MnO= 0.19. MgO= 185,
CaO= 11.0. Cr,04= 0.45 (=T wt%) L7~ 7=,
HTAIREABE~BEMAmERL, L
FHR%IT FogFag,la; ~ FogFasgla; DXHIZZ 4L

T, —EBDOA T AL ~3 mm DAREFR T,

%j( Fng& Mg é:%@o /ﬁfl/ﬁ;ﬁﬂﬁjzﬁ‘%ﬁ/ﬁﬁf%)
DNDHAED I T FRLIL Fogs THY, i
XV Mg ICE T T A e fE b o AT REM:
WD, Fogy DI T ATk, Cr=° Ca DL
B —= A6z, Cr i, a7 THRbE
 (Cr03= ~0.30 Wt%) . U A2/ 3258
DD ([[~0.16 wt%) . UL THIEL T\ 5 (IF]
~0.25 Wt%), Ca (%, Ca0>0.70 wt%& CaO<
0.40 Wt%DE 32380 | £ D CIL R A &

BT L TWND, DRSS DS R i fita & B i
DOBEFUTRY L, LRI I TEEE 2D
&, Fe-Mg DHEE T 17 7 A /L7355, 1400~900 °C
TOHFRGENITIT, WEER I/ 3.5 °C/h &
HEESNTZ, BT Al a HE SO AF(EL .
ﬁ’*ﬁﬁ}di FossFas,La, ~ FosFagLa, kfﬂi&zéﬁo

HAE A I1XE BT, ALICE T (AL,05=10-12,
16-18 Wt%) , {L2HLA%IE DipHd3Kshas TpsEnys
"Di23Hd27KSh36Tp4Enlo 0):1:50:%“21/\ ﬁ\jﬂﬁﬁ
AT E T, FRI 72~ N 7 AFR A3 \CAFAE
THHEANE AL, AlLOs=  4-6 W% TdbD,

JREAZ, BRARAIELS . FHHEEA BV T,
10 pm x 1 mm F2OF R CEATICHFAET 5,

AL FIVIE, ~ 200 pm THY, ~ 500 pm DA
TR TCHET D, ALFALEE, (Feo 9056,
M0o51-044)(Alogi-093. Cro19007)0s THY, 2T
VAT HES> T Mg & Cr il T,

T A KRGS (3 mm, Fog) &, T
B (~ 500 pm, J4E Fogs) IOV T O [FINL
K EZEAT -T2 2 A, FIZE % (SEM) T,
BT AR T 8% 0vsmow= 3.764(3).
AY0= -0.053(7), > T FiBEEIT 6% 0ysmow=
3.840(3). AY0O= -0.044(7) &R EFD, WTHELT
VT TANS BRI EREOFIPH T — & LT, 2D
ZEIE NWA 12774 F O Sk SIET > 7 A K
RRENTREBELIzZ e 2R T,

EELNWA 12774 (3BRIRHREZ R L, A
% LEW 87051 <° NWA 1670 (ZJE LI L 7= f ki
ARk A T, NWA 12774 13, BEAeE A28
AlLOs= 10-18 Wt%XEHidd T Al [ZE Te s, HLkL
IRAE RN EETe BN, R TH D, RIE L.
NWA 1670 FHUZHRASELEL THIBIL TS D
(Jambon+, 2008) . NWA 12774 X0#5T/h&EW,
Fo BREFOIHNRAE I DT T TART
IS TRV, ZDOZ D, NWA 12774 1%
OB O T o T TA NIRRT Tldzeh -
72 NWA 12774 OEHEE () 3.5 °Clh) 1338
LD RO 4 ALk Z 7R 7~ NWA 1670 (K 4
°C/h, Hayashi+, 2020) LR CTH 7=,

Keywords: NWA 12774, Angrite, Crystallization history, Xenocryst
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Estimation of shock degrees of eucrites using petrographic and XRD

analyses
R. Kanemaru* (SOKENDAI), N. Imae (NIPR), A. Yamaguchi (NIPR), and A. Takenouchi (NIPR)

2—27 74 PEAE. BERIK (Vesta)[1]
O 2RI T 0 e AR T
EzonTwb, KT, 2—2 74
ICB T 2 EHREREHICc oW CER L, =
— 27 74+ OENR T T 5 72 05 G
TR 2. X BRI (XRD) 7047 & v 7e
RE B e E RS R HEE 21T 5 72,

AWFZETIE, A - SRR R O - R
RAOEEHCOME, RRAD<AT Y F
A ML) IcHED & 22— 27 7 4 T Offftg
7% 1% ¥ A(unshocked), B(weakly shocked),
C(moderately shocked), D(moderately to
highly shocked), E(highly shocked) % % L
7zo ChromaCL ¥ X OF Raman A7 L%
FAGZ2HTClE b ) 74 = A4 b RS
%R L7z, BrEEA R A-ClIcning 2
=774 RO M) T a4 M, KTl
IEHEEE T B B A3, FTERA R D(<~20 GPa:
REGO~YRAT Y F A4 MEESILAT) T
DA 7 ALL TH Y, EEBEAKE
E(>~20 GPa) TiHIZIT&THH 7 AL L T
2%, XRD 73#7Cld, BRARE ORI & &

DI X 7w —FicksZ ez /L,

SEEPREER KA E NS 2 2R L7,
FEA - AR OIEERE D M E OB, &
EHDO~27 ) F4 MUORREEIL, fEibihE

2020

DEAE L CHIEOREORINEZ "B L, &
P I RERE R HEET 2 2 L TE B,
AWFFETIZE HIC ) T4~ A4 M EEE
S DRI HE S R E ST 5 2 L %
FR L7z AHFARERD2 S, PYT4<4 b
DH T AMEIE, A7) F A4 MEL D KW
BT )1 (<~20 GPa) TA L 2HRTH 5 T
E DR AL, O TR R % (X
WS 5 EERIERE L 72 0 155, XRD 4347 <l
TNLEA - PERRHEICE D 2 -2
A b OREEERRAE N % - E EAICRHE T % 5,
X T e — 7 o RfliEiL. 77 v 7oA
DIRE NS KX 9 ICHE DM TR RE 2 S g
5, 2% 0, PHIEORIIL, FMmHNEEOE
HPWIEDOIM A RE T 5, A THEL
7o AR A-E 1B 13 5 X e —2
DAHEIE DI b & 7- AR DN % 7R
WL CHY., WRAMIEHICK > TELEA
A - PR R —8 % nd, %Y
INLHERIX, AR TER L2 —2 T4
b OEERARKE S, FERE Lot
DEDRVIEEL 25 2 L BRT,

S 3CHR ¢ [1] Binzel and Xu 1993, Science, 260,
5105.

Keywords: Eucrite, Shock metamorphism
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Two stage thermal history of eucritic crust as inferred from silica poly-
morphs in eucrites

Haruka Ono*(Chiba Inst. Tech.), Takashi Mikouchi (Univ. of Tokyo), Akira Yamaguchi (NIPR)

XTI NEERR W TR I
LEZLNTWD2—7 F 4 MEAIX, A4
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Synchrotron radiation-based X-ray computed nanotomography of
unheated and experimentally heated Murchison carbonaceous chondrite
M. Matsumoto* (Tohoku Univ.), A. Tsuchiyama (Ritsumeikan Univ., GIG/CAS),

M. Yasutake (JASRI/SPring-8), A. Miyake (Kyoto Univ.), K. Uesugi (JASRI/SPring-8),
A. Takeuchi (JASRI/SPring-8), T. Nakano (GSJ/AIST), T. Nakamura (Tohoku Univ.)
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Variations of CM chondrites evaluated from X-ray diffraction
Naoya Imae* (NIPR, SOKENDALI)

X-ray random diffraction patterns of ten CM chondrites for various subtypes without or with secondary

shock heating have been obtained using in-plane rotation method of polished thin section. Constituent

phases are widely changed for subtype and degree of heating, and the wide variation is the striking

feature of CM chondrites, distinguishing from other stony meteorites.
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Eftect of residual heat of shergottite Martian meteorites as inferred from
recrystallization experiments of plagioclase (maskelynite)

Takashi Mikouchi* (Univ. of Tokyo), Risa Shikina (Univ. of Tokyo)
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Shock and thermal history of ureilites
Akira Yamaguchi (NIPR), Jean-Alix Barrat (UBO-IUEM), Naoki Shirai (TMU)
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BRI R ZZ T, DADAA LD b
DI 5 DEEIMEN = 6D . FEA ABIRAGIIR
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(2019) GCA 246, 450-460. [5] Warren P.H. and
Rubin A.E. (2010) GCA 74, 5109-5133.



RS-11

Ha> K54 bD Ar-Ar BB ER & BEET R

e AT

(Hhbfr) , FAEFES (ROR),

A sE (RRHAE, FAFR)

Shock histories and Ar-Ar ages of H chondrites
Atsushi. Takenouchi* (NIPR), H. Sumino (Univ. of Tokyo), and A. Yamaguchi (NIPR, SOKENDAI)
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ENF6 o0 Ml H a2 74~ (H4
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A% T HGELIEI T (EBSD) fi#HT 45 (AZtec,
Oxford Instruments) &M L7z, Ar-Ar &
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FwR LIz, A7 YT A MIEREERIRO
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RLRIZERIR DORiALER, S % OV EERR MR S
Mk, OREHEYD DT T AE O FEE THERK
SNTHEY, BEEMITIBE IR oT,
B DOBEAIFF-EmRAT v 72BN TE
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[3] Swindle et al. (2014) Archaeology to Planet. Sci.
378:333-347. [4] Roddick (1983) GCA 47:887-898. [5]
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In-situ observation for aqueous alteration process of amorphous

silicate particles in the MgO-SiO; system

Yohei IGAMI*(Kyoto Univ.), Akira TSUCHIYAMA (Ritsumeikan Univ.),
Tomoya YAMAZAKI, Yuki KIMURA (Hokkaido Univ.), Megumi MATSUMOTO (Tohoku Univ.)

MIFRIRFBE 2 RTINS D IE
B 7 A BRI WIHRES R BIR ST
BHIERBRMED—HOLEZLNDN, L)
VDTN R AR T OKE R OIE B 23 LS
nale.g., 1,2]0 LU HED @O FESE 7 A
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AW DNFZEIUZEA LI TR, AT
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/7 At (am-Fo, am-En)lZ%f L. #2/K TEM 1
22 127K XRD R, %KD pH JIEZTTV,
F7o, LU EIH R L7,
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S RBI(Fig. 1), E7o, KR pH 1E |
FU, KEDBEME R (IT 7 A BRYE D DD Mg?*
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o

Starting 32 1AM

material
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O — I NAUT-(Fig. 2). £REE T am-
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R TH oI, 2T M-S-H 23IEGE 7 A g
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LB & DR TENE, IK~DVEMEE DS
NREEET LD EEZOND,

Q am-Fo

|

o= 22NN OIS &

A
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N

20 @40 60 RO

Fig.2 am-Fo 0);‘%7k%0>f§eerD RE—2 DEEZE, Ol
AT—UHEDE—Y,

B O TEM #8228\ Tid, M-S-H 1T
FRR E7 T TSR R CRIZE S, BRI
MIIRFEE L RTARD~R) 7 ARG BHER
DARHE SR A Tt D CTHEL L= i 7
L72(Fig. 3)e 2D L5722 M-S-H I ZHIHA KF5 R 1C
BT DK D FRARIE B D 5 4] OIR B & A7 B AT
ENDHEDOT, FEME AL X B THH X
xThD, £/2. M-S-H (TR KFEBRP 721 T2
SHEMRRFIZH AR L | DI b FRE A E A IE DS
MBS TV e, U RIA M IZHESD
EIFREL D M-S-H 2MREL TWDREMED D
D, FEREIROGH DO T2 R GBI 570
HLALZRW,

i

Intensity / a.u.

RSB S BBHS BN 8
2ONALARARRDOONO O
TITT353533573T5TT

0.15nm *-.,,
(a) 0.25 ni

Fig.3 (a)am-En REXERD TEM &, (b)Acfer094 <rJH R
FDIERE T A ERIE (Amo, [2]EHiR)

[51HICiEK]

[1] Leroux et al. (2015), GCA 170, 247.

[2] Matsumoto et al. (2019), Sci. Adv. 5, eaax5078.
[3] Roosz et al. (2015), Cement Concrete Res. 73, 228.

Key words: amorphous silicate, M-S-H, aqueous alteration, carbonaceous chondrite, in-situ experiment
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Space weathering of iron sulfides on lunar soils

Toru Matsumoto*, Takaaki Noguchi, Yu Tobimatsu (Kyushu Univ.), Dennis Harries, Falko

Langenhorst (Jena Univ.), Akira Miyake (Kyoto Univ.), Hiroshi Hidaka (Nagoya Univ.)

[IZUHIZ] RKDZRWKEEFRE TIEEICK
5 B & f%/NBE A B 2212 K o TR E O WE N
K2 b7 2 TFHEfL) 2T 5, HiEk
SN B S VT T R L O IR BT R R R
JED L T Y ZADOIEEAER, FHEREMEITLFE DS
A% FN DRI T2 D ATRENED B D, /N A
N B D ORI D53 HT 6 | Wi b8k Cik
SRED U 4 AT — (TR &) O EN
Ao, FFRAAFHEE(EAEE TWDH Z &0
7> 7= (Matsumoto et al. 2020), ASHFZE Tid,
A NHU LR D RIEOHALE:OFH R
EIHARL70, HE» bR SN E E
AU D Ik oo 2R ik A Bl 22 L7z,

[FE] 7R 11 5,17 B2k 0 AOWrs
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3200FSK, JEM-ARM200F) CUl i # &2 L 7=,
[R5 & B%]

SEM Bl DFER . 11 5, 17 5 OiiakE & b1
WAL EREIIZAETHY | @Rk Y 1 A
T—=PMAR L TV DERF AR 5N 72, TEM T
BIEL L7 WiALBRI 2C LD Troilite & FEFEHIR
DA% % % O NC pyrrhotite THERL 41TV
7o ZAUBIE NiAs BIOFEAREEZILH L,
(001) i 5 AN IR T- B HHRR 2 2 L T,
WAL M c T IO fLicE b T

BY . WERIZIIRUIN V@23 04 LTz, d
MEIE X RBGR (FITKRFEE AT T L) DERE
LCHER L EHESND, BRI DHESK
100 nm FREEIZ K S PH Tl s i o fLi
DB SN, ZOFEBROE - RREPTKE I
NiAs HIE(1C)IZ KT 2 [FIFTEE S 28 3Bl
THY ., cHliHHEICED 2 EDOHENIET%
2 2C HEE D EHTBE ST 2 TN e, T OKF
X, KR DT BHIARIT & » TR ORE
GO N EN TR R EZ BN D,
F I EH D Fe/S IIEWMEZ R L2, ZDJF
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L7-ZhE Tl SN HEan Ao, 4
BER T ¢ A — b #k R m OB E & 7p o
T8RRI ORE LI EHEE S NS,
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R BT 4 AN —DIFEEITA NI T kLT
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DIRNKIEFR D RIKIZ BN T, bk FH
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DELNTEY ., ZudkifbskoFH R kI
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DOIRGFLE X FFT 5,
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Reflectance spectroscopy of fine-grained samples:
Fragments of carbonaceous chondrites and Antarctic micrometeorites
M. Takase*, T. Noguchi, T. Matsumoto (Kyushu Univ.), P. Beck (IPAG), R. Yamaguchi (NIPR)

LI #EKICE TS 2 FHED &L
JR& L T C-complex B/NKE, P-D B/NKA,
HEVRRBIN TS (eg Vernazza et al.
2015), N7z IDPs < Bt FE AT D HIE BUR St
27 PAVHPE IR D ORIFEE MG 5
BRICE L Cd % 23, Bradley et al. (1996)LAS} 1%
T EETiTbnTWwind o7z, F 4 2B
AWUNR 2 - TR BUR S A < 2 b
NOBIETTEERS L, KEEa VY FIA4
FEG OBUNA & W K D h D FBRIE A D
St A~ 7 b VHE & B 21T o 72,

Alkh & 77 BEREL BRI A~ 7+ VlIlE
I, Bradley et al. (1996) & [R5k I B BP0t L
v AR, AS 450, KA 00 CHlE
Lizo 87 v 7 v 7%} E LT Lambda
Vision # SA-100S-PK1 4385 TR 420 -
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(CM1/2), Renazzo (CR2), GRO95577 (CRI),
Tagish Lake (C2 ungrouped)l[EA D~ F U v 7
Z 10 Kz, TEEE 12-64 pm D FMGIMEE A 8 Hi
RHEAATARHTZAD RIC#ETHWL

L, Pz kD 72, BEEITNYL v X
BHE K 0 b Faic K& alEARE 2 v 2
AELE LT, BAEC 10 EEIEL, 20F
Y% ko 7=,

R L KREa v P74 PEAOM
/ANURHE, 420-800 nm f3ETld v 7 3L &
YA U7 Ty r BARIADBE LN,
Orgueil, Mighei, ALH83100, Tagish Lake 11

DUINRELT X 800-850 nm LARE TSGR A
K9 223 7 5 4172, Maupin et al. 2019
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EHEL TV, KTESEThAn
7o, HOBERSKEEFHTH B,

Cl 2 F 74 b of, 500 nm {FUTic gy
WA 23 B & 7z, Cloutis et al. (2011)1% 500
nm FHEDWINE ZEHILIC L 2 DF e L
TEY, ZNEFELAEVWERTHL, CM
2V K74 FDRFA~Z i, 700 nm fF
FD 7w — FRRIE R OBRA XY H8H
FICR b N7z, 2T NIiT Ferr- Fer D B B ENE
iz X 2 ICH (e.g. Cloutis et al., 2011)77 &
# %2 5N %, Renazzo, GRO95577 D A~ k
% FLZ L Mighei, ALH83100 & U172, CR,
CM 2 Y F 74 MElzKEEZEDNY =
—2avhdHsb I L (eg Brealey etal., 2006)
ZRIRL T2 AREED S 5,

FA MR BB A D L B A < 7+ v id 700-
750 nm 1T D KHTE DS 14%0 < ICET 5 D
D, 450-850 nm DJAHIFH T 7 7 v b 7 AT
K BURE)ZRTDDRELHETH > 72,
Keller and Messenger (1997) @ {#ll & L 7=
L2011*B2 Icfl7z= 2= 27 b AMJER > b @
LFIEL T2, ads, FRICEWKERER D D
DIFE pm 2 F NLA LD R Z X 2 RpoMh %
VI VREEATH, $72, BBAEBUNT
TH b7z Fer'- Fex B f58)Hk o WA
BEED LN 072, &9 LEEWIIMFHD
MR RRFEEa Y F 74 FEA & BB
PR D K EAZE B D FEJE D 38 ISR 3 % A
RETEDS B 2 o S X ITE & 38 0 L SR 1Y
e & o ICEAR ZRET 52 TETH %,

Keywords : reflectance spectra, carbonaceous chondrite, Antarctic micrometeorite
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Shock and recovery experiments of type 3 ordinary chondrites
Masaaki Miyahara®, Junnosuke Edanaga (Hiroshima Univ.), Akira Yamaguchi (NIPR), Takamichi
Kobayashi (NIMS), Toshimori Sekine (Osaka Univ.), and Ayaka Nakamura (Hiroshima Univ.)

Shock and recovery experiments of H3 and L3 ordinary chondrites were conducted in the
shock pressure range of 11—43 GPa to reproduce shock-induced melts and deformed chondrules. As a
result, shock-induced melting occurs above 11 GPa at least. There is a positive relationship between
shock pressure and the aspect ratios of chondrules.

1. (ZLHIC

Wi BT A ML IR 2 H o
AT Type 3, BVERAEMIC K 2 Efrfiik
ZROEAT Type 46 3D, ZDOW, A
L% Type 3IFEHE= Y RTA4 MRERIKDFR
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Miyahara et al. (2020) 1ZR:RIKDULEE
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WCEA LT, SRR IT NIMS (2R E S 4L
7o —Be KSR 2 L7z, WREITA o v
— B Ay F U TETRD T, ERGEER
I ZEEEE 11-43 GPa O#iPH TIT - 72, HHRE
Brtk, a7 EUINE L, SEmAFE L%
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[1] Miyahara M. and 8 authors, 2019. Can high-
pressure polymorphs clarify an ordinary

chondrite parent-body breakup? JpGu Meeting
2019, abstract: PCG22-03.

Keywords: Shock experiment, type 3 ordinary chondrite, chondrule, flattening, melting

Corresponding author:
2020

miyahara@hiroshima-u.ac.jp



R6-01

DAL U-Pb FREFEIVEEDRIFEENHT:

KERITERE &

R~ DE A

GRS (LIER), ARG (LTER) , Y JE - CROR - HUER AT
B ILSZ R (- F16H8) , /INABRESL (R T HAE)

NS G I VE AR AT SERT) , REFR (528 Be k), % A& 5 (LTER)
Simultaneous determination of zircon U-Pb age and titanium
concentration using LA-ICP-MS: A case study of the Okueyama granite,
Kyusyu, Japan.

Daichi Ito (Yamagata Univ.)*, Kozue Ishibashi (Yamagata Univ.), Shuhei Sakata (Tokyo Univ.),

Tatsunori Yokoyama (JAEA), Yasuhiro Ogita (JAEA), Koshi Yagi (Hiruzen Institute for Geology and

Chronology Co., Ltd.), Takeshi Ohno (Gakushuin Univ.), Takashi Yuguchi (Yamagata Univ.)

AHFIETIL, 3EFHNORERR S D KA ILIAE
e i CRERIERE -V T LU RRER
fEfida - AR 7TV R BRERIE RS ) 2
LT, Yvarohy) —RKAIxy o A8 48
BICHKSREMEO D HBI O L —F—T
T b=y a URBHEAZ A A TR RS T
T A EIHTE (LA-ICP-MS) (2 &5 [F—4)
Mtz B 50 v a U-PhERB I OTF 2
I E DA E # oy T A E L 72, U-PbFAR7)>
SIFV N ar OfEe bR, FHRENGIXT
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W TED. ZORERENS KA LAE R RO TR
FE-REBIE (MHEI T a'R) iU, 208D
IBSNDEHEI T r AT - (5 2 52 D fiE
b FHE535.

LA-ICP-MSIZ XD AT 1358 e K5 DN
d:YAGL —H =T 7L — a3 E(NWR-213)
BELON 7 /LI EMICP-MS (Agilent8800)%
MABDETLOTHD. AT TIEOHT R
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T EDTHEBS 2012, 0. A% T 73
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FUAT L DERENATREL/2D.
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— T RREEEERB VR &L~ BE
W) 5 O b g [ 53 (2 BE 9 2 B i B 6 36 (Mt
B BR B R 22 E R ARG B v A BE ) | o
RO —HTHS.
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Petrological study of El Hoyazo volcano, Spain: Traces of magmas from
deeper parts

Masao Ban* + Hiyori Hiwatashi (Yamagata Univ.) * Antonio M. Alvarez-Valero (Salamanca Univ.)

Leo M. Kriegsman (Naturalis Biodiversity Center) * Motohiro Sato (Yamagata Univ.)

We performed petrologic and geochemical studies of the dacites of the EI Hoyazo volcano and
found the evidence of mafic magmas ascended from deeper parts.

El Hoyazo volcano is the Neogene acid volcano South Spain. The rocks are dacites having
plagioclase, quartz, amphibole, and pyroxene phenocrysts in hyalo-ophitic textured groundmass.
Based on the chemical compositional and the textural features, the rocks were formed by mixing
mainly of three magmas. These are (i) high-SiO; dacites with An-poor (<50%) plagioclase and Mg-
poor biotite; (ii) high-SiO andesites with intermediate-An (50-70%) plagioclase and intermediate-
Mg biotite; and (iii) an andesitic magma with An-rich (>80%) plagioclase, Mg-rich pyroxene, and
magnesio-hornblende. These would consist a zoned magma chamber in shallow crust.

We found the traces of the mafic magmas, which injected the stratified magma chamber from
deeper parts. The traces of the mafic magmas include (1) mafic inclusions displaying quenched
textures, (2) crystal clot type inclusions composed of An-rich plagioclase, Mg-rich pyroxene, and
phlogopite, (3) heterogeneous pyroxene phenocrysts, (4) tschermakitic hornblendes. Some of the
pyroxenes and hornblendes have sieved textured rim. The compositional variations of the crystals
in the inclusions, the pyroxenes, and the hornblendes indicate the mafic magmas were differentiated
during ascent by fractionating the crystals. The most early crystalized hornblende shows the
crystallization depth deeper than ca. 15 km. The preservation of the sieved textured rims indicate

that the mafic magma would inject to the shallow chamber short time before the eruption.
Keywords: magmas from deeper part, mafic inclusion, crystal clot type inclusion, high-P hornblende, El Hoyazo

volcano

*ban@sci.kj.yamagata-u.ac.jp
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Emplacement process of Plateau lava from the Quaternary

Harguit volcanoe, Khangai Mountains, Mongolia
Tsukasa Ohba*, Takashi Hoshide, Keita Kondo, Natsagdorj MunkhErdene (Akita Univ)
Takumi Imura (Yamagata Univ)

Emplacement process of the plateau lava from Harguit volcano, Central Mongolia, was
investigated from the vertical vesicle distribution of the lava and a one-dimensional cooling
model calculation. The temperature of lava was estimated at 1150C based on the olivine-
cpx geothermometer. The upward fining of vesicle cannot be explained by cooling of a static
emplaced lava. While a surface solid crust was developing by cooling, lower fluid magma
1s replenished by new vesicle-bearing magma. Bubbles trapped in the viscous boundary
layer coalesced to become larger and the final size is larger in the lower part than upper
part as the duration of the layer is longer in the lower lava.
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Vesicle distribution, Cooling process
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Hydrothermal alteration in the Toki granitic body, central Japan: -
Observation for cathodoluminescence patterns and chemical
characteristics of carbonate minerals in terms of their petrographical
classification -

Haruka Hatsukawa* + Kazuo Nakashima + Takashi Yuguchi (Yamagata Univ.)
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BLORE 500m 7 HERELS vz,

i YE BB &k 2 85 FBLZICEE STk
FEIESL M DPEIRIX /3 & SEM-CL {4#81%831C &
% IRFEH IR O B RAR K O 4R, EPMA 12 X
DR Sy DEBDHT AT -T2, T DORER,
PER X5y TI, IREEHSLY DIAR D HBLIR &
ARRICRBI S (K1), S BIERIEY & o

BEROPERIZESNTHIS SN 5.

CL #4853 Cl%, BRIR & IRIR o IR BR YR S
DEL B HEE DR AN FEL, FrZIK
PREEEIEIL ) L5y OMEEE R = <, CL #&
DFEFEDOIARE & BSE RO —E L T
To. =05, WRIRIR RS 1T —H Chatk o1
EDOHIRE A R S,

EPMA Z3HT TR s> & A #23 CL B0
WEEE DB 22 IR AF L Qo @I,
BAR O R EEHESEM) TIE Mn, Fe B BN £ <,
JIRIR O B EEYE S Tl LAY St B A BN S
WEA R ST, S%IZT — 2 OIEF X
D>, ZEMIRY e L E AR DR 2 N2 T
BUK — LM OMERBE ORE 21T 5 .

BT SRR (D) AR CHIXD) O REEESL
Yo SEM 14
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The structure of lower crustal magma chamber below a fast-spreading
ridge — Insight from the core analyses of the Oman ICDP drill hole
GT1A & GT2A

S. Umino*, T. Fudai, Y. Kusano, O. Ishizuka, A. Tamura, and T. Morishita

The ICDP Oman Drilling Project drilled the lower crustal section of the Oman Ophiolite in Wadi
Gideah, north of Ibra and recovered 400 m long cores each from Hole GT1A and GT2A. We
describe the microstructures and estimate the amount of trapped melt in the lower crustal gabbro
samples and discuss the conditions of magmatic and hypersolidus deformation that operated in the
lower crustal magma chamber beneath the Oman paleoridge axis.

Cored samples are predominantly olivine gabbros with deformed olivine aggregates and
clinopyroxene with quarter structures embedded in granoblastic plagioclase and large euhedral
plagioclases with resorbed turbid cores. These textures suggest deformation under the presence of
melt, which assisted complete recovery of strain through recrystallization of fine-grained
plagioclase and overgrowth of euhedral rims around magmatic plagioclase cores. Poikilitic and
ophitic clinopyroxene occur sporadically throughout the holes, which are commonly present in the
upper gabbros. Hypersolidus deformation structures are present irrespective to depth.

The lower GT1A and higher GT2A sections range in whole-rock Mg#s of 72-83 and 68-79,
respectively. The lowest Mg#s overlap those of the sheeted dikes above. The whole-rock
compositions are mainly controlled by accumulation of plagioclase, olivine, clinopyroxene and
interstitial melts. The lower whole-rock Mg# and higher REEs and HFSEs of GT2A suggest larger
amounts of trapped melt at stratigraphically higher levels. The amounts of trapped melt were
estimated by LREE concentrations in the clinopyroxene cores, and by assuming LREE abundance
in trapped melts to be equivalent to that of the sheeted dikes. Mass balance calculations yield the
amount of trapped melt in gabbros to be 5 to 10 mass% in general and 25 mass% at most.

Poorly developed modal layering, common hypersolidus deformation, ubiquitous zoned cumulus
minerals and common ophitic clinopyroxenes as well as the amount of trapped melt >5 mass% are
all characteristics of foliated gabbros. In addition to this, field observations of the gabbros in Wadi
Gideah show poorly develop modal layering but foliation defined by shape-preferred orientation of
clinopyroxenes in the stratigraphic levels including both GT1A and GT2A holes. We concluded
that both GT1A and GT2A holes sampled the thick foliated gabbros in Wadi Gideah section, which
crystallized on the axial melt lens floor and were transported downward in the lower crust.

Keywords: Oman ICDP, GT1A&GT2A, magma chamber, fast-spreading ridge, foliated gabbro
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aiR, TIREEER, EHESRRERERAN-TIO0—F
AAEAE QLUTER) , Y HJE A RO - #UEATE) , A LT 7 (- T8
G (LK), /NEFESL (T T44%)
NS G IV AEAAT SR AT, REFR (528 Be k), 35 A& 5 (LITER)
Simultaneous determination of zircon U-Pb age and titanium
concentration using LA-ICP-MS: Case studies of the Kurobegawa

granite, the Toki granite and the Tono plutonic complex.
Kozue Ishibashi* (Yamagata Univ.), Shuhei Sakata (Tokyo Univ.), Tatsunori Yokoyama (JAEA),

Daichi Ito (Yamagata Univ.), Yasuhiro Ogita (JAEA), Koshi Yagi (Hiruzen Institute for Geology and

Chronology Co.,Ltd.), Takeshi Ohno (Gakushuin Univ.), Takashi Yuguchi (Yamagata Univ.)

ARFZETIE, P ard U-Pb ERETF 2 i
JE DRI E &N FIEAMEEL, O Fik%x
BRI AE R A A - 1 B A A TR A K - Tl AL
FE I L, koS0 LR - H e
JEZF LTS5, U-Pb A BIT v ar ofk ik
AR, F R EEDNDIIRE LR EE A 2
ZENTES. fEmT R —HENLELNT
EMREEOEHE B — R xy B 248
LEDHERI SN DN E L BEAHT 52T,
H— DY L ar ) bE RO R - R E R (7
HNFavR) ZiFin T DIENTED., 2D L&
BoNHHmHA T o AT EE R R ORI
bHEGTD.

L—H =TT —a iR A& 2 725
BEA 7T A~ & E (LA-ICP-MS) 12X
BAATICIE, B ARJF 7 )52 5 8 A B b
Bl Z—0 Analyte G2 (=F o~ —+H—)
J O Agilent7700 (VU EEFGY ICP &L By HT 44 1)
Rz, OTi 20835287, RIUE
BEME (nz ) 2o 0 OF a2 EF
Z U EBDEFMEL R L.

IIHTORER, U-Pb FRUITETOHHTRIZE
WCHERIEZ BSG T2 EM T (BE)IHE
i 45 8.88 + 1.20 Ma 7°5 0.45 + 0.35 Ma, +
I 4E Fl S 1450 80.72 + 5.11 Ma 75 69.41 + 7.29

Ma, =3P AVRRCA R 127.41 £ 7.39 Ma /5
110.23 + 6.46 Ma). FX U REOERTIE, #
FEDMRNZ ENRIN T, BEITE AR Te
23 g 20 SR, LREERAS A TA 26 AH 10
RER FRZ TRILELRL (E&E TR:
1.92 — 3.35 ppm, T AT T 7{EOIEHERZED
10 5L CRHEA) . — 0, BB G ECA IR1E
fit, 2 BRIV LA OF ZUEENEL, 42
25 MPER FR%Z FElS7ZHD1F 1 iOHKT
HoT-.

B R OFERAEIIBE A 2E DT —F LG
M ThoTz. T, EBHEGEBEERIOED
AUTZIRE - RERE R IE, 59 900 CH5 620 C
NEMTHEBEE R

ZDINTT X BEDHSITE N ENH
HBTELY LA NTBWTL, KROS5
F:7C U-Pb AR ET R OO [RIRF E 8203 Al E
ThHD.

WEE: ARMFRIL, EELABW = RLX—)T
FREEE R 31 L m L~V U R BEFEY)
OB BT D BB R ¥ (M B
B 5= 1 22 7 M SR 40T v BEARBR ) | DR R
D—HTH 5.
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K-Ar dates of Banji-iwa Volcanic Rocks, northeastern Japan Arc
IWATA, Naoyoshi®, ISHII, Mutsumu, NUMAKUNALI, Makoto and SAITO, Kazuo (Yamagata Univ.)

We measured K-Ar dates of volcanic rocks from Banji-iwa Volcanic Rocks. K-Ar dates of stages I and

IT volcanic rocks, Daitodake, Senoharayama, Yamagata Kamurodake, Minamiomoshiroyama and

Koazumadake are ca.2.0-1.5 Ma, ca.2.0-1.4 Ma, ca.1.8-1.6 Ma, ca.2.0-1.6 Ma, ca.1.6 Ma and ca.1.8

Ma, respectively. K-Ar dates of the Banji-iwa Volcanic Rocks range from ca.2.0 Ma to ca.1.4 Ma. No

apparent date differences are presented between eruptive stages of the Banji-iwa Volcanic Rocks.

A A LA BT LR — EIR IR AR
ICAZE 3 % AR L & LKL o EAR T,
TAFA P ~RINEEOEE S L O KIL#
JEEH» D75, WA - A1 (2006) 1ZEEFS
KGR O T 72 HUE 2/ - S5 h R 2
v, BRlBEKEEOEE %, KFTok
UFEB CREAT o s 1 - e, pEL
TOEBCKILE X A M TE O K <R
I ons miH, 3 >R I/
7z. 1~ HA D &AM o0 55 i IR ATFR 1358
HHNTWARWnE LTwa, BaEEKIFED
T EARAE X, =4 (2001) 2332 L 72 K-Ar
AR (1.67Ma, HERE) DHHBHFLNT WD,

BRAE RGO KILEFEHOR LT K-
Ar FERE 21T o 72, T HIAL K ER) 17
HH 5 I3 1.5 Ma DAL S 7z, 11
M A RS E S KL e SR E 2 B IEKT 15
Ma, 71 7 b5 KILE G B > & 134 2.0-4Y

1.5 Ma OFERAEREF S N7z, 1T PIEHY O
KB KA 5 1389 2.0-87 1.4 Ma, #Ho
BRI LA H D © 1349 1.8-#7 1.6 Ma, [LITE#H
FEEKILGEHED B 1E, £ 2.0-%7 1.6 Ma, FIHI
FIASEMTE 2 6 1349 1.6 Ma, /NEERS
MTERE2 5 1349 1.8 Ma DEREDE Sz,
BEELA KIS O K-Ar AUl 1359 2.0 —
1.4Ma O#EF I L, TBEIASE L2 L
KX 2MHERFERES R LN T & A
LTI o Tz,
51 A ik
=ABAZ (2001) BRALHAKILZ v v iy
5 LY RIS, MEERTFRALO
K-Ar R, HEFHENICERE, 52, 309-
313.
ILAHKRER - A)ITEE— (2006) HALAIHIN, 22
A KIEFHORE LS G, AhiiYR
%, 35, 53-69.
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Intrusive and emplacement processes of the Sakainokami plutonic body

in the Kitakami Mountains, NE Japan
Satoshi Suzuki*, Nobuo Asai, Kazuo Nakashima, Takashi Yuguchi (Yamagata University)

Hama (1976) D E 75 % 89~ 5 .

At E Lt oo HE A S 1L - AR R O HERE S
Lz z B KTl S D (B
ED>, 1989). F 7z, b B OGS FHIL,
SAREAGITE B, BE L A 5~ 1B £ TR
O3Ai RO 2 & TRAT I B (EIED,
1971). BF9Ext4e Co DU MRS IR,
MR SRR Z R T 2 ERlEINTE
¥ (Kato and Hama, 1976) , B/ iR A1
oI =F27ETLE LTIZD
TENTED. A TIE, B MRS
DEN - EBE T2 2AOMADDIT, HH
FLAC 2L T OFE R B IAE X 5 D
B E1T 9.

YL PZRACA A1 Kato and Hama (1976)1
Ko T, FAA L BT D 3 DDA
WS, ZDOBRBIT A ISR IERIC L D
TEMRMUBNTND. KIFETITEA - E
&0t A DZERBRMEIREZTT O 12018, &
1208 OFEFZ I L 72 5 b 23lB b,
WABEICESBEREE (E—F), &%
CFHAER D BUE 21T > 7=, F OFE 5, Kato and
Hama (1976) D A8 X 55 & PR 5 222 A3
4 U7=. Kato and Hama (1976)I3AE K% B
EREAMBEASEANNAEL A E (A %S
), BEREEANOE VLA E~K
frr (B 751H), BRERE @A DA LR DRk
A (CHEM) ZHELE. Aaiidivcesnit
FHRIR O RS, A - B AfHIT Kato and

Keywords: Sakainokami plutonic body, Crystallization differentiation, lithofacies
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Crystallization process of quartz deduced from cathodoluminescence
patterns and titanium concentration: Case study of the Okueyama granite
Minori Watanabe (Yamagata Univ.)", Takenori Kato (Nagoya Univ.), Yasuhiro Ogita (JAEA),
Takashi Yuguchi (Yamagata Univ.)

AT EE R AR TRAE (2B L PE
LM THY, FEOFE LT v X DR
B~ 7~ E D OmABROMBINCE 5T
L. KEFFETIEA Y — Ry I % v & Z(CL)
RYE = L EBEICERSND T X U (TRE
RlAE DY, AEOERILT R AEZH L
% . BTG B WA VR AL oD R HA LLIAE 5 A
ThD. KEAILTERED DI L 725086} 2 8
oML, CLIEB IO T REZRS L

e CL G IR ILE RS-0 SEM-CL
(JEOL IT100A+Gatan mini CL) % fv»,
oD Ti YR EEE 34 B OR T T IR BR B
HFZERT D EPMA (JEOL JCXA-733) & Fv 7=,
Ti WET EOGHRIIZ, 4 DOt
(PET) % Ti OHIZHEID YT, M#HEE 15
KV, BEASFEER 60nA, B — 2820 pm, 18]
DORPERFE A 200s (B —2 :100s, /S 7 7
77 R:50s9 D) L L, [Al—HIAT8IH
(71 1,600s) Hw v b L7-fEERET D Z &
IZKY 1 ADERMEES:.

KAAILAE A R O A 3D CL BIERDORER,
T N === TR OB E A

BOoNEES LIZLIZBIER ST D, A%
Ti BEIX 17 = 11 ppm 25 382 = 10 ppm
DOIgZEA L, 2R ONEFE)IL 93 = 11ppm
(N=148) &t 7oz, VWFANEHT LD
TiO, DIE&EEZ 1 LE L, TitaniQ HUEIR
JE 5 (Wark and Watson, 2006) % 3% &, Ti
TREE it U CeimEEAY 939 +20°C, ik
REEAY 556 + 68°C & X7,
AHRL-D CL ¥ —2 & Ti RE DG
ZX 1IRT. a7 o CLREERICH VT
R E W TIREZFOOIZXH LT, U A
(1 1R ER) o AL I C b E A O T
BEZRT. DFV, CL OBEOHRE & Ti
IREEDSBIE L2 WA gEME A2 R L TR Y, CL
SNE— bk TiREORE A~ L7z Yuguchi
etal. (2020) & B HHER L2572,

30211 ppm
 REHRALT

1£11 ppm

LR 200um s & T e g

X1 KARILTERIERD CLg & F 2 L iEE

Keywords: Quartz, EPMA, Cathodoluminescence pattern, TitaniQ thermometer, The Okueyama granite
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Sr-Nd isotope compositions and source material on the granitoids in

Ryoke belt, Takanawa Peninsula, northwest Shikoku
Kazuya SHIMOOKA®*, Satoshi SAITO (Ehime Univ.), Toshiro TAKAHASHI (Niigata Univ.)
Kenichiro TANI (National Museum of Nature and Science)

1LIZU®IT PR HARDRESK- LG 1 i
ORI E Nzt aEHA 2 m L T\ 5.
FER- IR 1 A HACHR 7 ¥ 7 KBRS o KA
H R BEHR Wi & & 2 5hTE Y (21T,
Nakajima 1996), fHZK- L5 1< 346 3 % {L i
EHORFE R 5 2 L IKERE %%
T2 ECIHEHICEETH .

P L b PG e R S I IR E R R T B A
fel o B - W ERE A, ARCEEARIR L <
WAL Y iU o fE e S B I o T, B (1982)
IZ X % A ECH, Kagami et al. (1988)1C X % 4>
H Rb-Sr 74 v 7 v vERDORES, Shimooka et
al. (2019)Ic X 2 ¥ v 2 v U-Pb £ DMt A3 72
TNTW» 323, Sr-Nd RN MR 7 — &2 1o
CRCEMIE O REticow Tk 2 v CEEH
Ea L IN T v, AT,
YR OER A - WHE A X 0BRSS
BT oW TRELFKE XL Sr-Nd Rk
M DFER D O, RIEVE OB %217 -
7z,
2B LMK 2 v 4 An-Ab-Or HERKE L IC
LIy, YR oL G T b —F
NEEE, ERPREE S, tRaE s icX
EN, TNDH T (1982) D — NI
DLAEERK Sy EFAfITH 5. ~— A —K E
T, BricEITHicow T, EE DMK
LY FARRD L5,

3.Sr-Nd R TEia’a$Hat 20 sk 2w
T Sr LUV Nd DLk Z 2#7 L 72. Shi-
mooka et al. (2019)I1C X % 2 v = v U-Pb £ %
b L ATHIE L 72 Sr-Nd [FIfZ AL, ZhZh
eSrl: +35.2 - +50.0, eNdI: -6.3 - -3.3 Z /" 3. {Lfu
EEOEMH, 2R MK L R AR O [
I IGBAfR IZ R & o,

4. B ~— - ECOMK LY iR, Y
IR DL A EE O~ 7~ bR I
el b hRR%T 5. — )T, {EREHED Sr-Nd
AL A B PR R Wi 2 R L, e 5
LY F2RSIEMETH > T 2 Dl
FEHRBLLCWE 2R LTS, 7z,
et B IS oA B e B A R AL R
L FBLL 2R AR 2R L T Y (21,
Kodama et al. 2019), 8BS AL S B D
BEVECTHLZLERBL TS, UEo
Tiho, @mMERICOMT LM aE T,
HHEAC 7 & 7 KEERRZR To <= v bV H Rk #k
B~/ ~DEITICX VRS Wz e
TR 2 KR & 32 AlREtE D B 5.

5| FISCHR: Kagami et al. (1988) Geochem. J. 22,
69-79. Kodama et al. (2019) J. Mineral. Petrol. Sci.
114, 99-104. Nakajima (1996) Trans. Royal Soc.
Edinburgh, Earth Sci. #R % (1982) Hi1'E % 4 i
88, 511-522. Shimooka et al. (2019) J. Mineral.
Petrol. Sci. 114, 284-289.
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Relationship between cathodoluminescence patterns and titanium

concentration in quartz from the Kurobegawa granite

Hayato Yamazaki* (Yamagata Univ.), Takenori Kato (Nagoya Univ.),

Yasuhiro Ogita (JAEA), Takashi Yuguchi (Yamagata Univ.)

BENAER ST = 2 D U-PbEAAN 10-
0.8Ma THDHZ Lnn, MFICHEHT HIEMH
HOPTEHMRATRLENEKRTHD (to
et al., 2013), FRFRIZRIFIENBEANATON
T& T, 7z, BEIERES OHE A IRR AT

X, B LB REE NIRRT
FHCIRAET 2 DGR D H AL D, A0 H
ML, Z OESVERE LB B A ORERFIRIC
Bl 2 HAFHERE RS L, Thb O
Tab AEMEHTHHETH D,

AT ZE X 5 AH O E R T H DA BT
EHL, BY—FrIxvyierACLEBRET
A (THREOREGENS, #EEEEEAY
HOFEK T ADOMEZ®mLE D, ARD
CL & Hu453 1% L2 K% @ SEM-CL (JEOL
IT100A + Gatan mini CL) % AV 7=, {L550H7

TIE4 R KFE T ERBR B AT O
EPMA (JEOLJCXA-733) ZffH L7z, o#r
413 Yuguchi et al. (2020) % & S 7=\,

BERES L EAES DA RO CL NY —
DR E LT, BHEERRWVERET b

—Ji, %< O CL R — 3 aEPEEK

DY T T LA ORI D FE RS
5 (X)), BEREEORIRL O CL /X¥—
vETOREOREREZX 1 ITRT, ok
H Tl CL B OBEE O BRE & Ti 2 73 Bt
F, CL ¥ —r & Ti REORELZ R LT
Yuguchi et al. (2020) & HE7pDFER L o7z,

@E%@CL@&E%V
Ti e BE D RAEIE, B BB 75 44+ 11 ppm,
BEHEEN 116+ 11ppm TH Y, EEES &
BEHEEDARD Ti REOEAREITITRR
ST R RO, BT TATF TR S
RNHDD, ANAFTA NPERT DO
B 0.5 Z (& L(Schiller and Finger, 2019),
Z 1B % Wark and Watson (2006)? TitaniQ
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Petrography of the granitic and metamorphic rocks in Southern Zao and
Kuriko areas, central part of Abukuma Belt, Northeast Japan

Jun-ichi Maruyama*, Shin-ichi Kagashima (Yamagata Univ.)
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oML BEAICTTbITE 2z, L LMK
B AL~ S s D H A 2R TR 1R B &
DiTb Tz, FIERERH 2RO XSS
% fEBA S % 72 1 AL ~ I o B A A
BEIEEECH 5. FEEES X E T
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Exsolution textures and chemical compositions of Fe-Ti oxide minerals

from the Tono plutonic complex, northeast Japan
Yasuhiro Ogita* (JAEA) , Takashi Yuguchi (Yamagata Univ.)

A DO~ T HRZARRA NV AT A& NS
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(LA BT ORGSR, REFRIE FeO % 40 wt%,
TiO2 % 50 wt%, #5T-0 MnO %5 AT, 7
ATE Gy DAL, ST REECH DT
WILFEvy FICEVEAE LT (Fig. 2). TOREE,

Fig. 2. Elemental map of ilmenite.

Type-1 A7 FeO ZEsr&LTHY, TiO,
X MnO BEEENL TV, Type-2 K
Type-3 DT AT IR ClBT=8D, (LMY
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Genesis of coprecipitation textures in chimney sample
from Theya-North knoll, middle Okinawa Trough
K. Ohmori* (Tohoku Univ.), T. Nagase (Tohoku Univ.), T. Nozaki (JAMSTEC),
T. Kuribayashi(Tohoku Univ.)
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Metallic mineralization associated with listwanitization
Yuho Fujimaki*, Yasushi Watanabe, Takuya Echigo (Akita Univ.)
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HALCTET DI ). AEOREDEDIT
KR AR E Y & BB ST 2 MEaMH
5720, FHFR 290.0~323.3 °C + 5.7~13.4
wt. %33 JL 10 306.8~321.1 °C - 31.6~33.1 wt. %
DOYVEACIRFE & R E 2R
By IR i =) o IRE Fraic
VERUE DI SA LT WA, ERCEIT ) AT «
FA MEIZED Re~A FOWAICEE L
YHEOE Ni a3 L b ﬁ%ﬁuﬁ;ﬁfﬁ}“ Lt
@“é&‘/ NTo REEAET D™ 2). Fa

r DA AEYIE 116.7~158.9 °C -
2 1~45wt YD EAVIRE & EIRE & kT,

S VR M - KR L PR 1 e IR 2 AL T A
L, MERUA ’TE%%:}’@J:U\T% P14 b
ié’)\bfb\é AE R 80 Tl s 25 7
THA N, WA, T7FPAICEEL TV
5. Fiz, MeRUs L IRE R A OB R O W
PR TIEIR A, BB f, Ra~A MIEEL
TV, EMIKRT AR R D ATl = v
VL & FiE AT A= > 7 IVEE DI
SRELCREBREE, RRALERIL L AL CTHET S
(K 3). REBHLE TIEERIROE = v 7 L 8i8
FET 5. BHEILR LR OMRERIL 2 £ D N
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BHEA(BIRK), BREFHUR (4R K), Kristoffer Szilas(2 = v ~—47 v k), #&
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Metasomatism, metamorphism and origin of the Mesoarchean
Ulamertoq ultramafic body in southern West Greenland

Ikuya Nishio*(Kanazawa Univ.), Tomoaki Morishita (Kanazawa Univ.), Juan Miguel Guotana
(Kanazawa Univ.), Akihiro Tamura (Kanazawa Univ.), Keita Itano (Kanazawa Univ.), Kristoffer
Szilas (Univ. of Copenhagen), Yumiko Harigane (Geological Survey of Japan/AIST), Kenichiro Tani
(National Museum of Nature and Science), D. Graham Pearsom (Univ. of Alberta)
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FEROEHET AN ICIEIE SR W T
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EERTRET S,
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AIREME 23 4R & AT > B (Nishio et al., 2019).

FATHRIE D % < 1T E b R o ML K
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b TR ARETH B EEmO T T
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Significance of carbon-bearing minerals: Earth case with variety
Yasunori MIURA (Non/Post Yamaguchi Univ.)

Minerals on solid-system of planetary bodies are not simple formation, but related rock system of

planetary bodies. Based on experimental results of carbon-bearing materials, the sizes and composition

are dependent on global water system of planetary system. This means that characters of minerals are

different between Earth and other planetary bodies (including Asteroids)..
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Frictional melting process during formation of pseudotachylyte,
Aravalli-Delhi orogenic belt, India
Jun-ya Okazaki*, Jun-ichi Ando, Kaushik Das (Hiroshima Univ.)
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Thermal History deduced from Precipitation Texture in Augite
of Ultra-High Temperature Metamorphic Rock from

Liitzow-holm Complex, East Antarctica
Shoichi TOH* (Fukuoka Univ. Faculty of Science),

Tomoharu MIYAMOTO (Kyushu Univ. Faculty of Science)
REtE) 1y Vs RILABREBESEEMREFD Augite [
mOoNLTHBEE RERE

B A (REFIRYBIAA) . B ANG CUIREBIAAE)

Introduction Liitzow Holm Complex (LHC) on Dronning Maud Land, East Antarctica is a major
component of old continental crust “Gondwana”, and the Complex were partly suffered by ultra-high
temperature (UHT) metamorphism. We found some exsolution lamellae texture in minerals composed
of the UHT metamorphic rocks from Skallevikshalsen and Rundvagshetta on the LHC. About them, we
observed by using microscope (PM), SEM, EPMA, and TEM for analyzing orientation and morphology
of the lamellae in the host minerals, and considered to their genesis from the observed results.
Geological Setting The LHC, situated to the west of the Rayner Complex and to the east of the Yamato-
Belgica Complex, is a high grade metamorphic terrane within the East Antarctic Shield, where small
coastal exposures are found between 45° and 37°E.  The metamorphic grade of the LHC increases from
upper amphibolite facies on the NE to granulite facies on the SW of the Complex, with a thermal
maximum at Rundvagshetta (Hiroi et al., 1991). In the highest grade locations, some of the
metamorphic rocks shows sapphirine + quartz assemblage, which is an evidence of the UHT
metamorphism.

Exsolution Texture Enstatite and Pigeonite (Pig) precipitated in Augite, and the exsolution orientation
of the latter was "001". Pig precipitates show morphological change phenomenon (Kitamura et al. 1981,
Proc. Japan Acad, 57). The "001" Pig lamella with multiple orientations is more common in samples
from Skallevikshalsen than in Rundvagshetta. The
"100" Pig lamella is also tilted about 4 degrees from
(100). 200
Discussion Thermometer based on the "Exact Phase
Boundaries" model proposed by Robinson et al.
(1977, Am. Mineral. 62, p.857) was applied to "001"
and "100" lamellae. As a result, about 700 to 900°C
was obtained (Fig. 1). The relationship between “

temperature and lamella thickness suggest the * 3
possibility  of  re-heating of rock from 0 ¥

Skallevikshalsen. In addition, the temperature from 600 650 700 750 800 850 900 950

Temperature (°C)
Rundvégshetta is consistent with previous study ’
(Motoyoshi & Ishikawa, 1997). Fig. 1 Relationship between lamella width
and temperature

250

© Rundvagshetta

» o

X Skallevikshalsen
150

100 X

Lamella thickness (nm)

Keywords: Metamorphic rock, Pyroxene, Microstructure, Exsolution, exact phase boundary
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Structural changes of MgSi03 glass by shock-wave compression
Akane Arasuna* - Masayuki Okuno (Kanazawa Univ.), Nobuaki Kawai (Kumamoto Univ.)

[Introduction]
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PGE mineralization in the Limpopo mine,
Eastern Limb of the Bushveld Complex, South Africa
*Maki Birukawa, Yasushi Watanabe, Takuya Echigo (Akita Univ.)
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aTIIIVT 4 I — o DESRE N KER
mEED, BOBEOBEEE S A AT
5. TG EE S, B E S (BJE5m),
WERE RS, BESE S (JBE10m), WHEVE S L
AT EL, BESEE PO ESRE S ~D
BALD2Y A7V Abis (Figl). &EE A
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Ca-Y-fluoride minerals from the Jabal Tawlah plutonic rocks,

Kingdom of Saudi Arabia
T. Echigo’*, M. Takagi?, K. Momma?, R. Miyawaki?, Y. Watanabe!
(*Akita Univ. and 2Nat’l. Mus. Nat. Sci.)

Ty NN ETTRECA R (Jabal Tawlah
plutonic rocks) 1X7 7 7 HERH DAL FEERIZ AL
BT /NIRRT VI VLR S IR TS, A%
IR 22 HP i RE R AT 1210 1960 AEfRICH ALE
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LW RE DAL SRRSO RS A G 2 5 A LT L

WRZEEREHT, Vv S A T T B R DS
NREEICE LM A H a0 THY, 77 TIC
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(YF3) ZIXU® &3 HHREESLY) O FE H D e 78
SNTWDLRETHD. RIFFETIL, EHE~
A a7 a—7 B LD R PEF ATz,
BEIAT ~ o 3 oA & LS X R 0 #r e
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Yoo gl A2 D e LTz

AMFFE TR IR E S HU7ZHREE
AT LI, YHHREEIRE DS E W E D)
Hwaimirite-(Y), gagarinite-(Y) (NaCaYFs),
tveitite-(Y) [(Y,Na)s(Ca,Na,REE)2(Ca,Na)F..],
Y-bearing fluorite [(CaixYx)F2+x (0.05 < x <
0.3)] DAfETH-T-. K E 714 (BEI) Bl%
DL, =B E Owaimirite-(Y) &gagarinite-(Y)
Ditveitite-(Y)IZEA S TODEERD D,
tveitite-(Y) 3D O Ttz 1T ab i L7-
ZEDVHIBAL 72, F7, tveitite-(Y) & Y-bearing
fluorite > LA DN ERRS AL (Fig. 1), ZHHDHE
WM OFEHILER ThoT-Z eV RIBES LT,

WFFEFRE DR LR D F A 36 OV
IR 2 R R LT R, 7V VR A OBk
Den IR EENL~ T~ W La a0 T iR D

aa HICRBEESNDBUKIIC X &N D280 07
Motz IHIT, REFFED EEFIER R THD
Ca-Y-7 AL RE I, ~ 7 ~ #1205 ok
HFIHNCNT TR L= &AL 72,
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Fife YL AV N B 8 38 1 R 40 28 40 BifE 3 B RS
HREEIZFEF MRy LB AV MZ LD 2L LS
5 (Cullers et al. 1973). ABFZEClRIESNTZ
Ca-Y-7 AL RE S~ 7~ H 1% H1 05 BUk #141)
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Fig 1. BEI showing the occurrence of tveitite-(Y)
and fluorite in Jabal Tawlah. Note that bright part in
fluorite is enriched in Y and HREE. Abbreviations:
Tvt; tveitite-(Y), Fl; fluorite, Ab; albite
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Native iron and serpentinization of peridotite in Oshika, Nagano, Japan

Yuya Takeda® and Seiichiro Uehara (Dept. Earth and Planet. Sci., Fac. Sci., Kyushu Univ.)
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EWEKENO S v I VB AR E K
WFICH Y, ZohoIEHEIRIC HARTH 9
THERCAELIER T4 U 2 AABSHE S
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SR DI IO NTEEL 7=,
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ST (SEM-EDS, HARET# JSM-7001F, FE-
EPMA, JMS-8530FF, TEM, JEOL # JEM-
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k1, T oREHEE 70— 2GRN, VO
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3.2%® Ni & 3.1% D Co &, MDA
RERIIHE MR DR T SEBCR RIS L CHE
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REBRoNT, TIALTHITETOIRICA
bh, KE\wd DTk 10 imfEETH 2 28,
1T AL IE 50 nm~#% 100 nmC, HIEAS D
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tablel HEAXRARDFFEL
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A,

SERAERR 1
2, 3mn~

SERAEIRV
BRO1E

100 im #0100 um 100 um 300 um
RO 2 (AR) BRRE (AR TG (PER) #R8 e (PIR)
RIBBEGEA) BEGER) BEGEH)  #Be+ascEs)
SEREO #Mg 0.94 0.94 0.96 0.96
TL—RED#Mg 0.66~0.79 0.66~0.79 0.77~0.86 0.77~0.86
. 1~100 um .
BA% ®L ®L BABELTNS, THRBIR
- 50~100 nmd 50~ #£100 nm _
Fonom  OTEIOM panenn mowbomizr SADCHCE
= B 2E 19 5h%. = #
HskaE FEAERDN  TRAGE BABO—BAH FRAALHOLO
7 HEELTLS  AB<RENS,
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Crystal growth of pegmatitic pyroxenite in the Bushveld Complex,

South Africa
Shuhei Yoshida*, Takuya Echigo, Yasushi Watanabe (Akita Univ.)
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H6, Tweefontein Hulsg oo 48 55858 B A E 1T,

AR SRR IC IR S, BEALZ~Y
< DREDMED S T2 LSRR L= E 2
n5.
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Geology and hydrothermal alteration of the Kitano-o epithermal
Au-Ag deposit, Kitami region, Hokkaido, Japan.

Masaya Koseki*, Yasushi Watanabe, Takuya Echigo (Akita Univ.)
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“Hot-on-cold” boundary thrusting, Eastern Ghats Belt, India:

Results of 2D thermal modelling
Fumihiko Sato*, Tomoeki Nakakuki, Kaushik Das

(Hiroshima Uni. Grad. Sci)
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FFLTWD, LT, BEREEICHT D&
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HAEMRFONIEN b M TdH 5 EGB &
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ZolcZ ERGhoTEBU[1], ZoEE%
“Hot-on-cold” thrusting & FEFRT 25,

AWFFEHUIEIE EGB DO BEFWrfE )~ H HITHY
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0/ 7=274 h®FEFHFA b U-Th-total P
b@MM)ﬁﬁ%EﬁiU%E$?~5K
X0 Z OHIRIE 1000-900 Ma (2
v—7 ¢ sBEmIRERIER = T2 &
MBI o Te, £ DB DR S A WEA AN
v M, EERE RS IZ 650-550 Ma & Fiék
SNTVD, ZORHEVENRIT, BRWE
3B M AIEL km AN TOAR R0 | BT
ICROLBEE CTH L[], Z OFRO Mg 7
IRV IE, A FKEEE EGB DA ik
O LW EEE) B L TV D LB TV
%, Fio, TOBOF—1"—7Y » MIAN
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References: [1] Chatterjee et al. (2017) Lithos, 290-291, 269-293.
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Eclogite blocks within the serpentinite body in the Gotsu area, SW
Japan and its relation with surrounding blueschists

Md Fazle Kabir* (Fujii Consulting and Associates),
Akira Takasu and Shunsuke Endo (Department of Earth Science, Shimane University)

The glaucophanic Sangun belt exposed in the Inner zone of SW Japan underwent high-P/T type
metamorphism. Based mainly on the metamorphic age, the Sangun belt is divided into two belts, e.g.
the older Renge (330-280 Ma, c. 300 Ma), and the younger Suo metamorphic belt (230-160 Ma, c.
200 Ma) (Nishimura, 1998). The Suo belt is characterized by high-P/T-type schists and underwent
metamorphism at pumpellyite—actinolite facies to epidote—blueschist facies (Nishimura, 1998) with
the presence of rare epidote—amphibolite facies (Hashimoto, 1990). Serpentinites and associated
metagabbroic rocks occur sporadically as small blocks or lenses throughout the belt. In the Gotsu area
of the Hazumi-minami Formation consists mainly of pelitic schists with intercalations of basic,
siliceous and psammitic schists. Blueschists occur as lenses or layers within pelitic schists. The peak
metamorphic conditions of blueschists are estimated as 475-500 °C and 14-16 kbar, suggesting the
glaucophane schist facies conditions (Kabir et al., 2018).

The eclogitic mineral assemblage of garnet+omphacite found in a garnet-glaucophane schist in
the Gotsu area. The eclogitic garnet-glaucophane schist consists mainly of garnet, amphibole (sodic,
sodic-calcic and calcic: Gln, Wnc, Brs, Mkt, Act, Mhb, Ed, Prg), albite, epidote, and chlorite, with
minor amounts of phengite (Si 6.60—7.35 pfu), omphacite (X4 0.29-0.41), K-feldspar, rutile, titanite,
hematite, and quartz. Porphyroblastic garnet with a maximum diameter is 8mm across and contains
inclusions of omphacite, epidote, chlorite, albite, K-feldspar, rutile, titanite, and quartz, and it is
replaced by chlorite, albite, and K-feldspar along the rim and cracks. Schistosity-forming amphiboles
are mostly barroisite in composition. Glaucophane occurs in the core of barroisite, and the barroisite
is rimmed by actinolite. These glaucophanes sometimes contain inclusions of calcic amphibole (Act,
Mhb, Ed, Prg). Albite occurs as a large porphyroblast and contains all the matrix minerals. Phengites
occurring as inclusion in epidote have slightly higher Si (6.60—7.35 pfu) than those as inclusion in
albite (Si 6.80—7.10 pfu).

The garnet-glaucophane schists suffered two folds metamorphic events, precursor, and eclogitic
metamorphic event. The precursor metamorphic event suggesting relatively high-temperature
metamorphic conditions such as the amphibolite facies at 600-610 °C and 5-8 kbar. Garnet,
omphacite, glaucophane, and phengite are the constituents of the peak eclogitic metamorphic stage,
and these suggest eclogite facies metamorphic conditions. The peak metamorphic conditions are
determined using pseudosection modeling in the NCKFMASHO system, and the peak conditions are
estimated as, 585-600 °C and 22-23 kbar. The peak metamorphic conditions show significantly
higher pressure and temperature than that blueschist reported by Kabir et al. (2018).

In the Gotsu area, a small block of eclogite occurs within the serpentinite body. The peak
metamorphic conditions of eclogite is estimated as 570—580 °C and 2425 kbar, and the metamorphic
conditions are similar to that of garnet-glaucophane schists, except for the precursor metamorphic
event. The Gotsu eclogite occurred within the serpentinite body and the mode of occurrence and
estimated P-T conditions are similar to those of the Hakuba, Omi and Osayama areas of the Renge
belt (Tsujimori, 2002; Tsujimori & Liou, 2004; Kabir & Takasu, 2016). Suggesting that the Gotsu
eclogitic rocks probably belongs to the Renge metamorphic belt. Further geochronological study to
date the peak metamorphic age (LA-ICP-MS/SHRIMP zircon) is needed to fully characterize that the
Gotsu eclogites are belonged to either Suo metamorphic belt or in the Renge.
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Metamorphic and structural evolution of the Jurassic Suo metamorphic

rocks in the Nichinan area, SW Japan
S. Endo* and M. Eto (Shimane University)
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Lithology dependent stress accommodation mechanisms of shallow

crustal faults in vicinity of Main Frontal Thrust, Himalayas

Dyuti Prakash SARKAR*(Hiroshima Univ.), Jun-ich ANDO (Hiroshima Univ.), Kaushik DAS
(Hiroshima Univ.), Gautam GHOSH (Presidency Univ.), Prabir Dasgupta (Durgapur Govt. Coll.)

The nature of the shallow crustal faults has been widely studied for elucidating their stress
accommodation mechanisms leading to stress localizations and ultimately stress release by rupture or
creep mechanisms. In the recent years, there has been a paradigm shift in interpretation of the nature
of these faults (Collettini et al., 2019) indicating the heterogenous nature of the fault in response to
tectonic stresses. In the present study, we have focused on elucidating the nature of deformation
mechanisms developed in Nahan Thrust (NT), a shallow crustal thrust fault within the Main Frontal
Thrust (MFT) sheet of the Himalayan Fold Thrust belt (Bose et al., 2009). In the studied locality, NT
has developed within the alternation of quartz-rich and phyllosilicate-rich sandstone of the Paleogene
Dagshai Formation. It forms a wide damage zone of 110 m and a fault core of 40 m. The damage zone
of NT shows dominantly brittle deformation with increasing degree of brecciation toward the fault core.
The fault core exhibits alternating layers of grey-green gouge and red gouge with a single layer of
ultracataclasite (forming black gouge). Calcite vein fragments present with the damage zone rocks and
fault core, show development of deformation twins, that suggests a deformation temperature of ~170°C
(Rowe and Rutter, 1990; Ferrill et al., 2004). The major minerals were identified by SEM-EDS and
EPMA. The modal mineral analysis of the fault core and intact rocks were determined from the
grayscale SEM-BSE images by ImageJ software (Schneider et al., 2012), indicating the formation of
different zones within the fault core based on the lithology of individual layers of the rock. Grain size
analysis of the fault core rocks by ImageJ and microstructural observations show the dependence of
inherited mineralogy in generation of microstructures and therefore the deformation mechanisms.
Based on the microstructural observations, the quartz-rich sandstone has dominantly deformed by
fracturing and cataclasis with minimum effects of fluid alteration during the fault activity. The
phyllosilicate-rich sandstone, however, has exhibited pervasive alteration and generation of finer
phyllosilicates, with deformation dominantly by pressure solution creep and low-temperature
dislocation creep. Therefore, the fault core of NT is a product of the preferential activation of
deformation mechanism within a multi-layered lithology comprising of quartz-rich and phyllosilicate-
rich sandstone . The black gouge indicates release of stress build-up within the quartz-rich layers by
possible seismic slip (Tesei et al., 2014), as evidenced from the presence of sub-microscopic circular
gas escape structures and clay clast aggregates or CCA (Boutareaud et al., 2008) due to shear heating.
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Mélange formation at high T and P during subduction initiation:
clues from Dalrympole amphibolites, Palawan Ophiolite

Gabriel Theophilus Valera®, Tetsuo Kawakami?, Betchaida Payot®
@Department of Geology and Mineralogy, Graduate School of Science, Kyoto University
bNational Institute of Geological Sciences, University of the Philippines

Metamorphic soles are slivers derived from the subducted oceanic lithosphere and welded at the base of
ophiolitic sequences. They record an inverted thermal gradient and are formed during the early stages of
subduction. Metamorphic soles therefore record the deformation and metamorphism during the first few
million years of intra-oceanic subduction®. In this study, the metamorphic sole of the Late Eocene
Palawan ophiolite is investigated. The Palawan ophiolite, exposed in western Philippines, represent a
trapped oceanic lithosphere emplaced due to the collision of continental and island arc terranes in this
region?. Structurally below the mantle peridotites of the ophiolite are high grade metamorphic rocks
collectively referred to as the Dalrympole amphibolites. These metamorphic rocks crop out extensively
in Botoon point and Dalrympole point. In Botoon point metamafic blocks (amphibolites and epidote
amphibolites) are surrounded by a sheared schistose matrix. In Dalrympole point, the exposure is divided
into a coherent epidote amphibolite block with occasional amphibolite lenses and a block-dominated
zone where garnet amphibolites, metapelitic schists and metacherts are interlayered. The matrix in
Dalrympole point are already extensively replaced by muscovite (ms) and chlorite (chl).

Field characteristics suggest that the history of this metamorphic sole can be divided into distinct phases.
Phase 1 corresponds to the metamorphism and deformation associated with the subduction of the oceanic
slab. The P-T conditions of Phase 1 is preserved in the blocks. Garnet amphibolite sample TK9 for
example is composed of garnet (grt) set in a matrix of hornblende (hbl), rutile (rt), epidote (ep), quartz
(gz) and rare kyanite (ky). The grt exhibits prograde zonation with Mn-rich (Spsis-2s), low Mg# (0.17-
0.27) cores and Mn-poor (Spsiz17), high Mg# (0.42-0.47) rims. Zr-in-rutile thermometry® and Raman
barometry of gz in grt* applied to the inclusions in the core of grt constrain the P-T at 625°C and 11.5
kbars, while rt and gz included at the rim of grt suggest peak metamorphic conditions of 700°C; 13 kbars.

Subsequent deformation along the interface of the subducting slab and overlying mantle (Phase 2) then
possibly resulted to the formation of ky-rich matrix surrounding relatively competent blocks. This Phase
is further subdivided into two substages which occurred within the ky-stability field. Phase 2a matrix
(matrix 2a) is composed of varying proportions of ky, hbl, biotite (bt), grt and ilmenite (ilm). The grt are
fine-grained and typically unzoned although subtle prograde zonation is observed in some grains. The
matrix 2a sample TK2 composed of ky, grt, rt and gz was used to estimate the conditions for Phase 2a.
Raman barometry was applied to gz grains included in grt which are in turn hosted in ky. Zr-in-rutile
thermometry was applied to rt inclusions in ky. The P-T conditions obtained (700°C; 12.9 kbars) are
comparable to peak Phase 1 P-T suggesting extensive deformation at relatively high T and P. Foliation
parallel quartz lenses further indicate the presence of fluids during or prior to this phase. Quartz-kyanite
and ky-only veins also crosscut the blocks and matrix 2a in Botoon. A subsequent deformation event
(Phase 2b) is evidenced by the formation of matrix 2b (paragenesis: bt-ky-hbl-orthoamphibole) which
cross-cut matrix 2a. Matrix 2a also occur as locally-derived clasts in some sections of the exposure.
Lastly, a retrogression stage (Phase 3) was possibly promoted by migrating fluids. Phase 3 is preserved
as fine ms surrounding ky and chl and ep replacing earlier stage grt, hbl and bt.
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Raman geobarometry using the quartz—kyanite system:
Application to quartz eclogite from the Sanbagawa belt, Shikoku island
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