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Comparative consideration of Earth’s mineral from three major
events: Solid formation of other celestial bodies
Yasunori MIURA (Post Yamaguchi Univ.)

Regional and global phenomena by extreme phenomena in Earth’s and other planets etc. are

discussed, where the Earth is involved in all types. The formation of global system is predicated on the

existence of ocean system. Carbonated sedimentary rocks remain on the Earth. Research and exploration

of "uniqueness of celestial materials™ are expected in the future works by comparative analyses.

X COIT  FEFE DA S THIER O AN Y
DI O ER BT IREN R 72 KU & e
B & SO U CAR R R TG &) 00— 2 7% 3 [ 14
BThdZ &, EOENSIKEEHWNTE
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Keywords: Earth’s minerals, Water-system, Carbonate rock, Material differences.

@Japan Association of Mineralogical Sciences.

Table 1. Extreme event of Earth and other bodies [1].

Event Planet and others Extreme event

Impact (Sky) Earth, the Moon, Mars, Asteroids Asteroids (meteorite) Impacts

Quake (Solid) Earth, the Moon, Mars Interior quakes (with &
without ocean system)

Volcano (Eruption) Earth (Ocean), Mars (Solid) Surface (rocks, ocean)

RIEOEWEETNORER : RIKOHPERHIT
MBI S o, 4% IIWEIRNS O TRIK
DOIME M) DIFFECBRA R E TSN D,

L AKMETROLIICELDOONS,
1) RERBIG CHRIRBIRITITRAT & IR 72 8L
SRHY ., MEKITETICESE LTS, 2) &
] ) ] {4 B8 D 2 Rl KK BBl D TR AE DS RITHR T do
%o HUERIZITHERSIE D RIS 03 %47 L TV D
3)  TRUEWERBAYE Oxtry 7 iFsiiEd

i LRSS S [1-3],

SEICRR - (1] =g (1996) TR v 7
9] (V27" )i =7277-)Tokyo), 1073-1209. [2]
Miura Y. (2018) IMA-2018 (Melbourne, Austra
-lia) 2039. [3] Miura Y. (2021) JpGU, PPS04-
P18 (Yokohama).
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Crystallographic orientation analysis of olivine in dunitic achondrites:
Magmatic crystallization and deformation in protoplanets

Takashi Mikouchi* (Univ. of Tokyo), A. Takenouchi (Kyoto Univ.), M. Yasutake (JASRI),
A. Yamaguchi (NIPR), A. J. Irving (Washington Univ.)

IZUOIZ <~ 7~ FE 0 P CToRRERE
o2 D% OB X 0 SR+ 128
AN OB EMENR SN D Z ST Ek T
R TH D, FIREEREO N > TV mE
Tar R4 MFOH T AT FEEED
WENLINTRY HIZTI7TFA bOH
v 7 UAIZITEREE ALY (SPO) & #Esh ST
NLEMELS] (CPO) NEBEIIICR D Z &
DS NZ /> T 5 (Hasegawa+ 2017 72
L), ITHE, YNATREBLOZDEUNS
2 DT TFFA VBLOD T UEET
ungrouped DT R 7 A MEANBFER I
TVWDHZENL FMEE TR~~~
MBI OERBREOZENEZ X B ICH
T D702 bOEA AR 14 e o
BT kG NIRRT B T AT o T,

B T I  ARBFZE T L 72 aRH T,
1HEDOTZFF A~ (NWA3151,NWA 4872,
NWA 4874, NWA 4876, NWA 4882, NWA 5969,
NWA 5971, NWA 6349, NWA 6474, NWA 7388,
NWA 7605) B3 L 3 fHoH T EmET
ungrouped DT =2 K7 A K (NWA 6077,
NWA 6962, NWA 13446) T, TN EFNDOERH
B mm?~2 cm? |E £ D FEIK A FE-SEM

([ESZHHEF TEOL JSM-7100M) (241 )@ L7
EBSD Zp#rdsiE Cotr L=, foni-h 7
CADRERITAL (ZEEE ¢ Poam) 1% AZtec V
7 NTNT L. L REERIC o E L FLT —42 L
L7z, TNENOREICTHNT LTz T
FEERBUT 238 fE~3603 T, CPO DIl
THICEREREEEBEZ NS,

FER O LT 7F A P 1D H b,

5 #BHZIX SPO R VT U AHD CPO
(Mindex : 0.071~0.101) D T2/ 5 07=,
YA ONE W VALK L N TSV gWiek At oL i 1 N
b #il175 NWA 4874 & NWA 5969, c #ili7s NWA
7388. b Bl & c B 5 A NWA3151 & NWA
7605 & 2k TH -7, BB SPO BE S
nixnot- 6 HEHZOWTIZ CPO b R 51
o7z, F£7-. Ungrouped D> T L 8E
Tar F74 & 3 FETIE. NWA 6962 &
NWA 13446 (21% SPO & CPO & H.&H 172
S72H, NWA 6077 Tix85\ > SPO & CPO (b

i, Mindex : 0.093) NE.HT=,

ER LR U Eo X iz, AR L
At EOh T U EEEa L RT A4 RO
25, FiE < OFRENCT b, e, brc DO T T
VA CPO RGN, 7 T7FF A FOREE
ITEATIgE E KL< —& LT\ 5b (Hasegawat
2017), c#hEET D CPO ITH v T o FHOEdh
FITHDZ L6, D H DA 72
ET, T AR D X o IR
NEZbND, —JTb it o CPO IXH
D H T o[ TOIRWERT ) Th
% (010) & E M ETFIZ L CREM ~
7B EY OERICHIZICIHE LB
DEZLNDN, RIENEH CTOERIZ L %
BHHbL TS, FEEE, NWA6077 I35
LRGN D > KT A MEIWE ORI TE
MEEECHDLI LRI TND 2D

(Burkhardt+ 2017) . JRIARRENEE TOEE
WFEIC LY b EER RN UMD 5,

Keywords: Dunitic achondrite, Olivine, Crystallographic preferred orientation, EBSD

*Corresponding author: mikouchi@um.u-tokyo.ac.jp
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Igneous body of quenched angrites in comparison with komatiites
Hideyuki Hayashi* (U. Tokyo) and Takashi Mikouchi (U. Tokyo)

U T I I NIRRT D=
RIARD—FETHY, B EI R G R R~
T, ABEE R T T U I NI LA
DR EHL, ZALT oA — L CHEHRINT
V%, Hayashi & Mikouchi (2019) I3, &% #i
WeERTT U7 TAN e a AR QAL,
QA2, QA3 IZ433EL . ENHITMm HITHE D K/
WS THELDZEERLTZ(FIX) . QAL 134
T IR A7 D M B R A IR kA 4
2, QA2 1T, BRI T, IREANT A A
PR L R, QA3 1. AR O IKE A
DEECRL 1T, Al — DG b F L& R >, —H
DR E R T T 7T Mg IZETeh
VI UK R T A TND,

a1
0 B8 ) 22
QAl eSSt
v.u}‘..'-".‘ A2
220,702
Il N M P

on2 V\\

QA3

|

1
» 020%8 | =

Eojew: | .

OANTF 71 HER

SoBiERE RS
TS HEE

ZOIH7HARRIE, HiER BRSNS a~TFT
AREHEIL TS, a~vF T ANEETRD Fi
T, B RO D T A R
BUDAY =T =y 7 Ak Z R T, ZOMRRIT.
FEES RV EEBEE O F IR SNz B 2
LTS, avTFT TARDBEFIL, LT LR
v— (AL T DA =T =y 7 A (A2)
SEHORAY =T 2o 72 (A3) D LI EFENE
{ELTW% (Pyket+ 1973), ARFZE Tl Al
Wea T T LTI ea~T T A O, B
HBRE B IOV VIR EE NZ gL, &

Wk E R T T T TANDI G E A LN
BRSNS e Y

(LML B k2 R T T 7T AR
NIHRITAEIZ R L TRY, Mg IZETe T
A KEE SO RALE G VIR T TELL T
W % (Mikouchi+ 2004) , Sahara 9955 .
D’Orbigny, NWA 1296 335 T8 NWA 7203 (Tl
Bip 7 o T IANE~ T~ B 2 BT,

FAR A SR e =7 7 T4
LA FTANIZENZE I, AEROBESIZIHELT
FHRRNEAL LTI, HHARo v B E 23 i L
TUW5, QAL 1., HIRIZRRI YA XN AT
AL T T D, AR T NWA 7203 OfihL
B4y (QAL) TI1E>300 °C/hr, Al TIE>150 °C/hr
(Faure+ 2006) & RAHEHIL, WTHBEIANT
BOLIHOHHEIEEZEFS, QA2 1L, IKEA BT
VA NIRFE S TN B EE TR A2 DT
FINT B DI e T RO R ERLT D,
7 HE B 1%, Asuka-881371 (QA2) T 50
°C/hr TH5H—J7. A2 TiE>10 °C/hr (Faure+
2006) L RAELHLNTEY, HEL T\ 5, QA3
L KL ORI R LIZIREAZE AT
B, A3 BEEED I T fadgG A THDEE
H{Ll 3%, NWA 1670 (QA3) TIZ#J 4 °C/hr TH
%—J7. A3 Tl% 2~5 °C/hr (Faure+ 2006) & f
FEHLONTRY, LKHIGL TV,

FEREEBS  RWMMRE R T T T A e
<~ TF T A RO, B HEE 3B OV L7 HLRK
BHLIZEZA, ENENLZ I T HEFED
FIETAZERHLMNC ol 2D EIE, A
WA RT T T TANIT~TF T A MR
RIS ChRE s L L2 AT REEZ 7 RL TU5, o
~FTARDIERSG ., Hill+ (1995) (280, 7+«
IV — I DEFRE K THLHEE 2L
TND, A TRIE, MK ST 5 CId Ry ©
bDH—, K CIEB oD, 7774
MERETHRIBRDO RS T2 £ U AIREM: N B
%o TDHE . A E R T 7T AN,
NWA 7203 7543 K1 B 0D 572 2 Mk 72 kL sk & L
R RERRZ FE O T &G IR RO FIE D3
TR a TR BN S D TEAL T 58572,
A TRORIGER TR T HEEZBND,

Keywords: Angrite, Komatiite, stratigraphy, cooling rate, xenocryst

*Corresponding author: h.hayashi@eps.s.u-tokyo.ac.jp

@Japan Association of Mineralogical Sciences.
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Constraints on the cooling rate recorded by silica minerals
using Mesosiderites
Haruka Ono*(Chiba Inst. Tech.), Atsushi Takenouchi (Kyoto Univ.), Takashi Mikouchi (Univ. of To-
kyo), Akira Yamaguchi (NIPR), Naoji Sugiura (Chiba Inst. Tech.)

XCDIZ : U B, TBIAVEEE T
FHTIZBNT 23 UEOZBERS>Z &N
monTnsd (1], Bz, U aismo—
DTHDH VT 4~A NI, 400°CLLFCTHE
BEFMEGT 8 DOLIE DL, Wi TIXR
2% 3 OORESERBFET D [2], AT
. IOV DI OFEEN S 1200-
400 CLATFIZE D £ C, IEAVREHFH T
U BN 2R ET HDOICEHATH S
ZLAERLTE [3, 4, UL, s
BHUEHIREE X 1004 Clyr & IEF IRV,
KBTI U DI ORI K 5 AR
EOERBRHEEITIIES o1z, £ZT
AWFFETIL, 400°CLL T O m HIH FE 2 5 S
\ZHETE RIBEZ Fe-Ni A Z )V & o U B D]
FaBG AT 74 MIER Lz, AV

FIA M, ALY BRI TR

800°CHEE T D Al E % E B | HEE 7 HE
AL EENTWD, 207D, AFLE
WA DR TIHHEIEE EFET D2 U AW
DR R e 5 2 & T, v ) BEwmic
X 2 EE~KIRICB T D E BN 220 HEE
FREbLLZ LN TEDEHEENS,

FEE WBHTIZ, A YT T4 FohTE
EREN K IRV &S5 SN [5] NWA
1878 & Z DWRITARNENIERLSE D Vaca Muerta
Z A 7=, VacaMuerta >V BEEMIE. HEE
R D MU T 4 ~A FOIBRINFEEL TV,
NWA 1878 H1Ci&, JeATaF%E [5] [Flkk., 27V
A MNTA N EAEPERIN, TNOITE
AEER LTS Z R L BlEINT,
7Y RRNRT A NTIE, SRR SRR
T ORI ABILD “fish-scale” & FRE
NAENDFEL TN, 7 U ARRTA B
I pm L OEEMNEEN TV,

BELER TR ED. NV T o~ A

MIBWIZE Y AV L EETEAL
7 UARNT A DB FEEREIC L > TERK
SNBHENH D [4], Vaca Muerta F10 Fe-
Ni A ZD RFES BT mEIEE L 107
7 Clyr EHREHTHY [6]. NVT 4~A bD
FETZORHAEE L AW RER Lo
72o L2PL, NWA 1878 CHRUT 4 ~A b
DHEEL TN 2NWZ EnD, Z U AT A
b HZ TSI H SN 2 L BRI
LCW5, SEATHIZE CI3EA OBRE T A F 0
5. NWA 1878 7% 850 CFEEEIZIU T 0.01 C
/day LA EDOGENRE 2R LI E BAED S
NWTW5B [5], ZDOZeEmb, ZURINT
A M 0.01 ‘C/day DHBHEETIZ MU T o
<A MIMEBRE LanZ ERHERI SN S, —
J5C, dTHFEHT L < oMy 572 Erg Chech 002
(EC 002)TlEZ, ZUARNRTAL RERYT o
~A4 NOELSEDOHFIENHESNTEY, 4
HIHFE 73~1200-1000°C T 0.003-0.014 “C/day
ThirERMBLOLNTVWD [79], kD
Enb, ZJUARNRTAL I RYT 4~A b
(AR T D m AR EE X, 0.003-0.01 “C/day
PLFTHDZ ENREINT,

ZE3CHR : [1] Sosman R. B 1965. Rutgers Uni-
versity Press, 388 pp. [2] Graetsch H. and Florke
0. W. (1978) Z. Kristallogr. 195, 31-48. [3] Ono
H. etal. (2019) MAPS., 54,2744-2757. [4] Ono H.
et al. (2021) MAPS., in press. [5] Kimura M. et al.
(2020) MaPS. 55:1116-1127. [6] Powell B. N.
(1969) GCA. 33:789. [7] Mikouchi T. and Zolen-
sky M. K. (2021) LPS LII, Abstract # 2548. [8]
Yamaguchi A. et al. (2021) LPS LII, Abstract
#1892. [9] Barrat J. A. et al. (2021) PNAS 118:11.

Keywords: Silica, Cooling rate, Tridymite, Cristobalite, Mesosiderite

*Corresponding author: o.haruka527@gmail.com
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Nakhlite f&F5 NWA 10153 & NWA 6148 O & BEHT
ARIEH*, EFEIEH (KBRS , az (G , SEas GHEK
), RS (KEK) , S JAMSTEC) , Revkin CGRIERY)

Multi-probe microscopy analysis of NWA 10153 and NWA 6148

Kakeru Kukihara®, Masaaki Miyahara (Hiroshima Univ.), Akira Yamaguchi (NIPR), Yoshio Takahashi
(Tokyo univ.), Yasuo Takeichi (KEK), Naotaka Tomioka (JAMSTEC), Eiji Ohtani (Tohoku univ.)
We conducted petrological and mineralogical studies of the nakhlites NWA 6148 and NWA
10153 to clarify aqueous alteration and stratigraphy in the nakhlites complex. As a result, NWA 6148
and NWA 10153 were originated from that rapidly cooled and solidified near surface, and two different
aqueous alteration events likely occurred in NWA 10153.

1. 1FCHIZ
KEEAT 7 74 MIEEEOEETIC
Ko TR, EDOHRITA UToAKEZERK D
EHiZ % <R, ZNETHARTZ7 T4k
W E RO PR BB T e
ITONTERED, BENTOEEE-HOHE
FHROEACIIRIEHATH D, T2 T, +7 7
A4 NAEBORERF L EE R TOEEERD
BACICH TR 2Nz 5128, HIRNTO
B DNy 73> TUNZR U NWA 101653 & SR DTE
ERE SR L HEE STV D NWA 6148 DY)
1« BA TR AT - 72,

2. EBRFIE

NWA 6148 & 10153 OHFEEF % HE L, FBE-
SEM-EDS 1T &k D fHMkEI= 51T > 7=, bR
DEE/IHITIL EPMA & V7=, FIB TZEE
Fk O NN T 217V, STXM (2 & - T XANES %
B3 L, b 21T 572, ZD%,
TEM/STEM-EDS % FVNC A S0 D #A B 22
{LFHAR M, e EFRT 21T > T2,

3. R LB

NWA 6148 [ L= IZHUEA (K9 5. 3%) . A ()
39.5%) . A Y AH A (#) 55. 2%) THERL S,
AV AL ARITIIRERA, ) B, Wi
BREL, Fe-Ti MWD MR CE 7=, HADH
FRBAARIEIZIL Ca AT 2BM AR 5
Teo ZEITFZEAEHRTE R -T2, TH
X7+ 27 74 FHRTIEEGITHY, ZOBEAIIC
DWTIEBIERFT TH 5,

—J5, NWA 10153 (I (K9 1. 5%) .
BEA (R 39.5%) . A Y AKX A (K] 35.1%) T

RS, AYAZAPIEIRESG, BV
Ff., HEkEL, Fe-Ti bW il T& /-,
EEIIMEE A, A, HEILOEL TR O
Too WA JEN TOERE LM 5B EHMIC
IO =44+, @QVxutA b, QYR
T A b, @REBESLVEBIZ ST bivd, #l
A OEEMBIIBIESTTFTHY, 5%D
HETH D, B NHBIL TV D EREIY O
HADEDS, NWA 10153 [T 130 Bt~ b
DREBPER T DA X s OBITEEMED T
EKRERT AR M DHolmtEZBN
b, —HOAEBRBEIIINE TGN
754 hDOHLOE T H[1-2],

NWA10153 & NWA 6148 (T A Y AKX T ADHE|
BRRENZ LN, BWEHIROEHHKRTH
LHRTREMEDN 8 D o NWA 6148 12 & 7= A
@D Ca DEINT AMHAIX, FILLKF27 74 b
@ NWA 5790[3] & MIL PEA [4licd@L T8
0. IS OEAMNE—OEERA XY T
FERR L 7= AIREMEDS & D NWA10153 & NWA 6148
DEENTOMBEIZOWTIEASH I B ITH
FAEAT I,

518 3CHk

[1] Nakamura et al. (2020) Japan Geoscience
Union Meeting 2020 PPS10-P13.

[2] Shiraishi et al. (2019) National Institute of
Polar Research the Tenth Symposium on Polar
Science OA Antarctic meteorites

[3] Jambon et al. (2016) Geochimica et
Cosmochimica Acta 190, 191-212.

[4] Mikouchi et al. (2006) 37thLPSC, abstract
no.1865.

Keywords: Mars, NWA 10153, NWA 6148, Aqueous alteration, Nakhlites complex
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Evaluation of Fe valence state change in plagioclase by shock events as
inferred from micro-XANES analysis

W. Satake* (CIT), T. Mikouchi (Univ. Tokyo), K. Kurosawa (CIT), H. Ono (CIT),
T. Niihara (Univ. Tokyo) and T.Matsui (CIT)

MAEER : v/ ~OBHEEIL BRI N
5 HEW) DA AL PRI TR O A
B2 52 EnE KA DIZRREREEIZ DU
THEREREZF 2, BRELITREA &
<~ A7V FA b (RHEEADPERVEE LS T
72 LTeb D) HOSKMEIZIER L,
B Fe =4 7 1 XANES (X #REU%IN b
W) Z W Totrd 52 & T, k&2
AR KDOIN—TThHhbHYvy—d v X
A N OBEFE ST 2 FARHZFEG LTV b

(Satake+ 2014), Z ® X 9 Z2HANEIZ I T,

RHRA T OBMBEE OFI% CTE{L L
RN & AR E L, BRI O mE R
BRI CEDZ L MR L TWD, 2D
BB CITBVNEED 300 B 720 28 I D
BENTE RN, £2C, HiEHE O BEFR
fT> T3 3 Wt TOMEE R SEERFR
DT LY | Z DORGEEDR KV #ENR S D
2705 EBEZ T, HEIEFHEO Fe ~ A
71 XANES 75 & Eliii L 72 0O TZ Ol
ReHE7T 5,

AL ST etk LT, FED
ERZFZCERBEBIN TS, BT A8 %
Mz 3 Rt TO/RERIERIC &> TH
ODNTEXREE AW, ZOXRAITHE Y
ILHEBXETHY . BEA DML
AnssgeAbgzaa & ¥ —T v F A PO A
Keyword: Shock metamorphism, Plagioclase, XANES

TV FA N R A R, BN L7230k
1%, ISALE Z 72 2 IR O E T 24> X =
L—3a U2k o T, flifZE4C 10 GPa, 500
K DOENEREZRBLIEZERBELOND,
ST FREE LT REMEEIC L A2REA
D IEBLEL . EPMA (JEOL JXA-8900L)1Z & %
FLAEEC T U~ A 7 v XANES 57
Mt (%= %4, Photon Factory, BL-4A) T &
LHREAROEO 2 i 3L ORE (B — 24
&) S5um) EITo7,

FER L BE  ROCIMEE OBIE OSSR, [AIX
FBpth OFEHPIZ BT, 28 A AT O fE IR
WCHDHIRERIC, BMOEEITEER R b,
EPMA (T X 5 3T OfE S, i % O RHR A D
AT Angg-g1Absrs0 T o 72, BHIREEEIER
WL MOEEM e EOREMNEG FILTE
59, EWEENE LA R T REA DR T &
XANES /7471238 A 72, XANES 44T Ot 5
X, EERTORE S O Fe¥*/SFe L OEIT
11-20%. fE521% OFELDOEIL 11-20% TH V) |
EZ2R11% T Fe3*/ZFe ELOMEIZZE D & 720 »
Too ZORERMNG D7a< &% 10 GPa, 500K
DB T ClE, #k 2 ffi 3 i bbiZZAL L 720
EEZBND, LML, KEBAIZLY KX
REBREZITTWATZD, LV EE - &BiE%E
R LT O N LETH 5,
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Shock recovery experiments of jarosite
Kouhei Kawano, Masaaki Miyahara®, (Hiroshima Univ.), Takamichi Kobayashi (NIMS), Toshimori
Sekine (Osaka Univ.), Hiroki Suga (JASRI), and Yoshio Takahashi (Tokyo Univ.)
Shock recovery experiments of jarosite and natrojarosite were conducted in the shock pressure
range of 13—41 GPa to clarify shock-induced dehydration. Based on the XRD/DTA analysis of recovered
samples, jarosite decomposes into hematite (+magnetite) and FeSO4 with the dehydration of OH above

~23 GPa.

1. IC»IC
KEGFHEK~—X - 27 27 L A 3A[#H
S TRAMR T EER I X 0 3 i D $k D FRERHE A3
KERMICHEET S L2z ikoiz(1],
KEBEEHEARF 2 =T 4 3 ARANNTT —
SINEEE R O ER L ICERIARE (Y x
o4 b KFe3(SO4)2(OH)g) & E N5
EHRAL I LZ[2], Yy uH At OEE
T KERE TR E 2K - A0 KIGDIED
12RAINhTn3
KETIISHRBAT A A FiC X 3 HE
B E T2, E/KIREEILY) MBS 2 &
SR UK SIS A & %, ff 221 P 5 BT
MY v a4 Michb 2 & R D
BKIESEEE 3 & PRI NS, LIL, ¥
Y aH A4 b EHOEERIEERIE R <,
fEfit K % e & 3BT o 0 R G 12 R AT
Hb, 2T, AWIECE I vyaHr L LY
—XHHEL (Frr Yy Y A4 b
NaFe;(SO4),(OH)s) DEEBEFTER % 171>, it
KD & FRIOG % B B 2212 L 72,

2. EhEE & FEERTFE

Yxud A bFEFEARLOIEICHE
TERDIEANEICTHREL 2D D%
L7z, 7 ruevyyuaedf bEFYV oy
Kamariza $51lLHo b o #FEH L 72, 3%
RO L X CHZB L CIEKEILD R E
G L L2 Ralkl 2 SUS304
Iy TFICEHAL, BRHERIE NIMS O
—BARKEFEEFHL, HRTEEL v e—4X

VAR F v IETRD Iz, ERIT T
13—41 GPa O <17 > 7z, HEEEHE, =
vrrerohERHEEEERNL, XRD &
DTA/TG 531 %172 72,
3. MR LEHE

13 GPa D BEZMA /7Y ¥y ¥4 b D
XRD & —VIZHFEWE L 3 A EZEDD
B, ¥ — 7 OBEIEA DT HICKE L
> TCTW7z, 226 GPa Tiivvyue¥ 4 tov
— 7 DHHIEA X SICKEL Y, ~~v &4
Fov—7anENTz, 33.0 GPa Tliv v H
A PO =7 BHEEL, ~~&X4 Mz
=~ A EA4 PO =27 B, 41.0
GPa Tld~~%2A4 b+, =724 &
Szomolnokite (FeSO, - H,O) D v'— 7 233
7zo

DEoiRE DTA 9o, ¥ryaryAq

135 23 GPa LA T~~~ % 4 , FeSO,,
K,SOs(FESE) 1o fig L, OH 23isk Lis®
5 EBHEEAL 72, Szomolnokite | FeSO,

BRELHTKNLERLZbDTH S, w7
FRA FlE~= XA~ ORAERY) L HEE
b,

—77, Frueyyos g it 32.6 GPaT

%ﬁf’% T LTCELT, BTy Yy a4

AR TR WHEBELRLED S Lk

W,

51 F Sk
[1] Gendrin et al., Science, 307, 1587 (2005).
[2] Squyres et al., Science, 306, 1698 (2004).

Keywords: Mars, jarosite, shock experiment, dehydration
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Shock features in Antarctic H6 chondrites
Atsushi. Takenouchi* (The Kyoto Univ. Museum) and Akira Yamaguchi (NIPR, SOKENDAI)

WEORKERZHEET D012, ZhvE
TERLRERRBIZE & Ar/Ar FERTAEIC L D
R DOfEZE s OfiEH 247> C& 7= [e. 2., 11,

L 2 74 MIEREZ < OB CE
EHH DOIFENRE SN TWD (2], mES
MOFM2] & Ar/Ar FFROHRE[3]RD &
Loy R4 b TG EBAERTR 16 (H4ERT &
W o T2 WET AR R AR A2 R L0 B 3k
(e.g., Taiban, Mbale, Peace River,
Seagraves (c)) 73 ESLY) % & Tof ) 25 A
bivdle g, 11, —FhH., @BIEEMZETe H
2 R4 FOTEBEMFMRITHRE SN T
BOT, BESEDEAERT D K O 2 RIREZE
BENHay R4 MERIKETHOFRAEL
T=DPDIRTEH 5 TIER 0,

Hat R4 FOEELEZHLNZTH-
WIZ, ZNETR0EOH = RIA FD
FHRRBLER & Ar/Ar FROTTEED TE 72, K
WL CIEBI72 IS pricinzi=z 3 2O 6 =2
RZ A b OB AR O BLER Rizo W
THET D,

SBHE A 12363, A 10174, Y 981909 @ 3
DT, W ENC AT 85 S
7= R B & H v 72 (A 12363, 51-1
A10174,41-1, Y 981909, 51-1), #H#kEIZ21Z
[ N7 AT 2 AT 0D A= A5 T TR - W8S (FE-SEM,
JEOL JSM-7100F) Z F\ . SEMpFAREICITE
F-BEMRBE (AT R T 5 E R A% 7 AL Rl Py
( EBSD ) f## #r % & ( AZtec, Oxford
Instruments) Z{EH L7,

A 12363 7 J 2RI HIRL 72 7 BSR4 3
H5iX->TEY (silicate darkening). &
A DFALER P TERIRISRE S L 72/, 7
1~ A b OREMEE EEIRORERZ R
T DDA DN, BT o mROEAA L5
WG 7R U, O EPR ISR & 81 5% S
N7z, IRNERITHBERI /2 > 7 v - A DB
FE At fh & M O R FEHIEY) e O T Z A DA
ATHY., BEEYIBEINR -T2, =
U S TR A BRIk 0 & T X TN & %
BRLTIER LI THDL EEZOND,

A 10174: % v b U — 27 RO KO EER R @R

DMBLES S VT, VERIRIE PR CI3RHE A @ EBSD
INH— AR & Z2 BN, RN B BN D &
BAMR 72 /R 2 — U ZeoR Lo, TRV RIR 23 K g
DX LA S, 2 [Pl E
DEBERIEMA ZRBR L T\ b 2 LR
STz, FEERVRREARI IR CERRLIR DA
T AL EOMERD D REHIY) -
HTATHERINTEY, BEEYITEES
Nighoiz,

Y 981909 : R AN~ A F A4 MELT
BY, BT omOAITEIRIEYE L5V E
WA 7bER U, WRIRNERO 7= HIL A
10174 & # L+ % 7 . ringwoodite,
wadsleyite, garnet 72 FDOEHEILYNE T
\ZIFEME L 7=, Ringwoodite—wadsleyite IZRMN
HEBBEOA T oA EEETHRZTEY .,
garnet |3 BEAS G CARMNEIZIZRL L Tz,

A 12363 1T RRMIIZ ER ORER 2 R L
0| R SGRRILE OB LD U N —
INTWD, BEEREERAEN & INEVEH 23 F—
DA X EPEDEH L TIEIRNDS, 87
INERZ (S i A R N OfEE A R 5,
—J7. Y981909 I =ESLM = PREF 5720,
WKL EE T CHmABEE L TWb, 2072
B Y 981909 H3FLEk7T HEE A X2 NMIFAT
HIZRIMEBAD B (o> TE Y | A 12363 LIF 5
TR HEBEA R AL TS, A 10174
TV ECZERY A 12363 L D IEF9< Y 981909
K0 IFRWVEREMIMERZRER L, Z0%,
W OEEA X2 h LD bR K
TERZRER L T\ 5,

AWFFETIE 3 SO H6 [EA N TN E R

HA4ODEEA R FETELTWSZ L
ZHONE LT, 5%, 2L DOEAD Ar/Ar
FEROHTZHED | S BEA OEBASRAEH A
DEREXTZONERLNITT D,
2% ik ¢ [1] Takenouchi et al. (2020) The 11" Symp. on
Pol. Sci. abst. [2] Tomioka and Miyahara (2017) MaPS, 52,
2017-2039. [3] Swindle et al. (2014) Archaeology to Planet.
Sci. 378:333-347.

Keywords: Shock history, Ordinary chondrite, high-pressure phases
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TILFILAYEXANES 54751 DEE
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Construction of a multi-element XANES library of layered silicates used for water
metamorphism analysis in meteorite mother celestial bodies

*K. Inoue!, K. Fukushi?, K. Morida', H. Suga®, T. Kawai*, Y. Takahashi®, Y. Takeichi’( ' Graduate School of Science, The
University of Kanazawa, *Institute of Nature and Environmental Technology, °JASRI/SPring-8 “Graduate School of Science,

The University of Tokyo, *High Energy Accelerator Research Organization)

(X UDIZ] FBEAICIE, EKIEO—FECTH D8R A
BRENEENTVDZ ENH D, IR A BRI ZHEA
DROTFE FCTHERT DM TH L7, BBATICE
D JERT A TR ORI R B THIERIN R A CA U
KIEER DAL Z ERT Do JEIR T A BRI IS TR O
G ESCBUNNIB S X o TR & ISR E L, 2
OFEFEOIE NFIAERRERBIZBREST Hivs, iz, fE
AT E END B A BRSO RIEN D,
HERINRIBO/KERIR A HEE CTE D AREMED B D, 7503,
FEAREH IS DN DEIOBEICIRY 355780, D7z
WMEHRD D2 < OEIRLZHEE T & 28770 fIWEEE D
WEEPNVATH D, AR I NEE B IE R A1
HFEE LT EAALER X #RBEMEHSTXM) 1Z1EH
L7z, STXM [Z/RFMER COIeIEDFAEIRAER 30T
LY=L THY | JLREIEEF D EDFRIIESL LT
WAHNREDIEREZA LTS A, JBIRT A et
HEHEE CTX D AMREMEZ D QN D, F£72 STXM (T
Tra—T~A a7 T4 WEPMA) LA, L0
INIRREIR T TC A M VERRH LTI FAEIRRE
BT 5 Z EDNHRETH D, MNZ T, @RS A BRI T
Y A=A R FEEWINTH D%, EPMA LUk
\ZIEREZRSEFHDRIEZAT O FRAIRE T D, AT
TUIHER Eofkx Zekgihr A R A A UEsh & L, 1
FRTERD X BRI AT I oL LR & 2485509
5T &T, STXM (TR B EiRks A BEREOHIWE
EOFAEL 2D T4 7T U OfEEE RIE LT,

[FREH 74 7T VEEEDO - OGN LT, 20
mAROE T utA b 3 FE gkErT) o
b o bad A MNFEE A1 N BER AV
A R2FEH, e A b M7 4 TA b KD
3N AR A 3T, kYR T A h ~7 b
FA M ToFIATA N, TV VEAN, GAERCA, 7
Voonay, AV ERE L, £z, 26 ORERE
BEF A 775 ) INERC STXM (i ATRED il b 5 5
AEHT RS L ~—F Y BBl # X 2L

A 7 FEfEE KEEGAT 7 74 MEE AR L,

[F7E] SEHZx L. SEHRIRE D7 DI X ]
Wz, LT DT DI X BT 24T -7,

RERFEZITHRD X MRINA Y MVEERHT, sy
X — RSN 7ER4H Photon Factory O BL-19B T{T-7=,
i BL-19A 7% STXM AAC BL-19B [3[F U e —2%H
Wz L7 BB XAFS & 7o TND D8, AR
FE HET 100% D@k 7 A B Ch 5 Z &b, DT
DNAFET DA MD 2 98195 U A7 ROPEIZH DD
Wi 2558 L, BN B Tl STXM AR Tl e
<L FREHHD XAFS % 225 E D@k A Fathak
BHORERTETH D Si, Al BEO Mg D K oW T
X ARSI RS E(XANES) A2y b Va7, F£7-,
BTN DWW TR A 4 B —A(FIB) & VTN
T.L. BL-19A ® STXM ZfWTF /) A7r—)L FTD
B~ B T E T, oy y TNTIERT
SITHIPHZIRE LT ALMg 1281 5 A7 FLERIE
L7ze FRWEEN7z AlMg DAY MUK LT
VAT 7 S REX2000 % FVCHEERERELD 227 L
BT 4T AT EE, TOBEOEBEORENEDIE
ETET D AREMEOBVE TH D & L CHMIRIE %
1777

(iR & BE] FRHERBO TN T, Si TIEAN
7 N VORREHE COBBRARE NI IR 273,
Al CIIVUEARIZENTT 5 Al & \EIRICENIT 2 Al %
XBI425 2 & AVATREZ e, Mg Tl 3 J\mifA & 2 )\ i
AR U CRIZ 3 NI 5 5 101 M L 2:1 fid
BT 5 2 EARERR ALY MRS, R
FBID STXM T3V TIE, AT OREI TRy
AR L 2 BILD ALMg DAY RLSENE
ST, FERIZR A HTRESR R OB E DU T, FERDERT
WET 5,
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The application of the XAFS method and oxidative hydrothermal
alteration experiments from reproduced I-type cosmic spherules

Huimin Shao (Kumamoto Univ.), Hiroshi Isobe* (Kumamoto Univ.), Ginga Kitahara (Kumamoto

Univ.), and Akira Yoshiasa (Kumamoto Univ.)

The formation mechanism of hematite spherules in Meridiani Planum on Mars was widely discussed
by researchers (Misra et al., 2014; Morris et al., 2005; Nie et al., 2020). Misra et al. (2014) proposed a
possibility that the hematite spherules may be derived from cosmic spherules. Therefore, we carried out

experiments on reproduced I-type cosmic spherules Experimental conditions

(Shao et al, 2020) by oxidative hydrothermal — gyp  Tem(°C)  Dur (days) pH  CO»

alteration experiments. The starting material was 1 150 10 7 N
oxidized with the oxygen fugacity controlled by 2 200 10 7 X
Mn;0; — Mn30y solid buffer in the hematite stability - 150 10 4 x
. . . .. 4 200 10 4 X

field. The sulfuric acid solution and deionized water 5 150 30 . N
were used to control pH values to be 4 and 7, 6 150 30 7 x
respectively. The vessels were heated at 150°C and 7 200 30 7 N
8 200 30 7 X

200°C for 10 days and 30 days. The detailed

experimental conditions are shown in the table.

SEM and EDS analysis revealed that the hematite, magnetite, wustite, and Fe-Ni metal were the main
mineral of run products. Fe K-edge XAFS measurements were performed using beamline NW-10A in
fluorescence mode at the Photon Factory, KEK, Tsukuba, Japan. The shift of the first derivative spectra
peak position from low energy to a higher energy value suggests that the oxidation degree increased as
follows: 1. Starting material, Exp.1, Exp.3, and Fe metal; 2. Fe;O4 and Exp.4; 3. Exp.2, Exp.8, and Fe,0s.
It could be inferred that Exp.1 and 3 were nearly not oxidized; Exp.4 contains mainly magnetite; Exp.2
and 8 are almost completely transferred to hematite. According to the above results, the run products
from 150°C 10 days show not a big difference from the starting materials both in pH4 or 7. However,
when the temperature at 200°C (10 days), the run products were oxidized to be magnetite (in pH4), or
hematite (in pH7). At the same time, under 200°C pH7 condition, both 10 days and 30 days are identical
spectra to hematite. The oxidation behavior of reproduced I-type cosmic spherules showed that relatively
slow oxidation on metallic spherules could progress under around 200°C. Moreover, the run product
under the neutral condition could be oxidized to a higher oxidation state than acidic condition (pH4).
From our experiments, it is possible to form hematite from extraterrestrial solid Fe-Ni metal spherules
by oxidative hydrothermal conditions. Hence, we suggest that the slow oxidation on melted and
quenched droplets derived from iron meteorite bodies may also create hematite minerals in a similar

process on the Martian surface.

Keywords: Martian hematite, oxidative hydrothermal alteration, XAFS, cosmic spherules
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Hydration process of amorphous silicate nanoparticles
analyzed by quasielastic neutron scattering at high temperature

Takuo Okuchi*!, Naotaka Tomioka?, Yusuke Seto?, Yuhei Umeda', Takeshi Yamada®*, Hiromu
Tamatsukuri® and Kaoru Shibata® 'Kyoto Univ., 2JAMSTEC, *Kobe Univ., *CROSS, *JAEA)

We previously demonstrated that quasielastic neutron scattering is uniquely effective for analyzing
atomic-scale hydrogen transport in hydrous minerals. In the current study, this scheme has been
applied for analyzing atomic-scale reaction and transport processes of water within amorphous silicate
nanoparticle medium. We obtained the results at temperatures to ~500 K where hydrated amorphous
medium starts to crystallize into layered hydrous mineral structure. Microscopic mechanisms of water
storage and transport in such hydrous media were revealed, which have implication for understanding

of aqueous alteration and water transport processes in asteroids occurring in the early solar system.

HER DAV I TRITER B e 58 A B
72 L C& =, MIERDKITHEA NI R 2r &
DB RS S22, NER TS S A, Bk,
BP ST & 7=, Fxld J-PARC 72 K O
FE R 12 3B\ L BRI S vt
DIKDGTHEL « ik - Frk 2 BRI B 7= D
M- HEL IR 2 C & 20 Z ol T,
HERIZJE < LLRT O K DOBFFEIZ & 12358
TRE R D & 2 TOAMZEZ B LT,

KESL BIEFETHDHAF T IR T
HET VIR TH D, — T CKREBITHRRE
DFEE N HFDL, RS LESAENIIR,
KREFEEEIERT D Z ENTE D, GKREY
X HIER N D K D BT & ik o 7= 5 BE
T D, TOFEIEEDONETIL, KBRS
DB EICL - T B E T VIKENIL A R
Frahnahy, Zok o kB ITBEER 1
FEEE O RREfIZ BT, KB EE DB H O F ) -
BRI A A HDHNTIKREE LT
DEROYER I & Sk AT I 7 A
B I EE), o FIRE L 1T R D) R T,
INHDKFEOK A F I 7 ZADMRNT O
(2, PR T HERME RIS M R IC A T H D 2
LEREHIIRRL TR L TE R,

ZAVTITHIER IS < BART O K D EEE 72 iy
R EBEDPED—>Th D, IEMEDEK
(F7213KkF) rABEOKFIZ, ED k>
REA T I T AERTDTHAH DD, HEHEME
BOELIE ClE, ARFBIRFAZIC X o TIHET ML
Lzt ToEfE L = XL —DK
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{fbz@ LT, KFEOYA FEBKEEOREE L 54
JE BT D, T ZNBKFEOEAF IR
Z AL BCC R m LU & OSBRI Sy
JTHRDZENTE D, ZOFETELE
WEICK LT ORmE Y E & FREICAED
ThoHY, 2 THRIFETIE, W LIRSy
T L DORIGER TR ICHMBIE L2255,
FEm'E 7 A BB O IRRE & ER 2 D35 TRENT
L7z, ZORER, KEZRBGRRIZI T HKHE
DUTIR & ik OIRREN D> TE T2,
BB T T X~ 2 & TH R LT R
70nm > Mg:SiOs ML DIEELE & A B 12
RAKRZWIN S CTREIZ A LTc, 20
Bha BIERIRE £ TV L 7272 IR FF L T
JEEHEDT-ZIT, S DICREZRFFL2N S
HERPEBGEL O FHII 21T o 7o, 15 BTG H
O HBEOKFEOL AT I T ADHFENR
ST, —HIZT AL KORE, b —
FHixFoRETHAL 5Nz nm A —F¥ —DZE
MICHFEET DK TFEEZLND, FEMED
BEET o /KSR D BT & Bk o R AR, A
DHDERETBBRDAREENRFHNE VR
%o i CIEEL EOFREROFEM AT 5,
References: [1] B AT D (2017) H AR BFREE,
59, 309. [2] Purevjav et al. (2020) IUCtJ, 7, 370. [3] Okuchi
et al. (2018) J. Appl. Cryst. 51, 1564. [4] BLHuHf4E (2021)
A AHKE Sh2aREE, 63, 129. [5] HLHbARAEIE A (2018) HAR
SEMBL AL RS-12. [6] Imai (2012) PhD Thesis, Osaka
Univ. Keywords: amorphous silicate, aqueous alteration,

hydrogen dynamics, quasielastic neutron scattering.
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Oxygen isotope exchange experiments between Ca-, Al-rich inclusion

(CAI) melt and carbon monoxide gas

Daiki Yamamoto* (JAXA), Noriyuki Kawasaki (Hokkaido Univ.), Shogo Tachibana (Univ. of Tokyo),

Michiru Kamibayashi (Univ. of Tokyo), Hisayoshi Yurimoto (Hokkaido Univ.)

REIFREAT R O Ca, ALC & TS M T4
¥ (Ca-, Al-rich inclusion; LLF& CAI) 13 K5
FEMINTE R LT SIRIE DEE IR THD
(e.g., Grossman, 1972; Connelly et al., 2012),
CAL DREEKHEN - SRV, B BIEKAF
IO R RN R ER RS, ZDORE D
OB IR ERIRF L2 H 1T D A L - T AT
TORBRNARZIEDRZEToND, (e.g.,
Yurimoto et al., 1998; Kawasaki et al., 2018),
Yamamoto et al. (under review) &, f5#E CAI A
JUR-ARIE HaO 7 AR O S8 (R {22 S iR
B, AV ORESE H CILEERE D A
Nl\i‘%ﬁf‘@lﬂ&ﬁ%&?ﬁ&@]%ﬁ a ZRELTZ, L
ML, 0 12 ik 57 TdhD CO H AL CAL A
/DF&@E%%’%W{M{?'T‘QT@L%@Liiﬁﬁﬁéhfu\
IR, Z DT AWFFETIE CAL AVH-{KIE
CO AR DIEFR RN AR IR E BT o72,

[FINLAARZZHA BRI 1E, CO AR NLw R
T r—a M — T —b7R % I AR A i
Z T ER N 22 )R % V-, Type B CAL @
SEEMLEAAR (Stolper, 1982) ¢ CAI Ftsed
B HREMELEL T, B0 IZE TRE CO A5}
BT (Pco=0.1,0.5,1Pa) T 1420°C THIFAL
2o MEEEHT FE-SEM KON _RA 4B

BE57HTEF (Cameca ims-1280HR) THOHTL7=,

[ENERBHI A T AL D BEDAE RV G72D |
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B TOMEGA: T T AR O R RN AR
VL BN & b (IR AR O3 PO ITIREEL
WD R T 22D I D4 B0 I E e [A]
WA == TR Uiz, ZOZEIEAVIEH
T RINLARAS A FE & AR~ DL HOE AR A3 R
RHZHETTL QD& £ CO T AEHY
IMZPENREDSNEHA~D 180 JREAFA R
(2725 TRY | ZAULR E CORINL AR AR
DE CO HAERMFIEE RO THDHEE
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