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SUMMARY

(4 ® & o B

I. Title

Mineral characterization and investigation of planetary differentiation through

experimentally designing extreme conditions of meteorites

IIl. Purpose and Necessity of R&D

We propose to apply advanced mineralogical and spectroscopic probes on
various meteorites collected on the Antarctic area and also to explore them
in-situ at high-pressure and high-temperature conditions using 3 and 4"

generation synchrotron facilities to gain insights on the evolution of planets.

Ill. Contents and Extent of R&D

Through experimentally designing extreme conditions during meteorite impact
utilizing mineralogical and spectroscopic examination,
(1) We propose to build new data base of newly identified minerals and their

physical and chemical properties

(2) We propose to examine shock-induced transformation during meteoritic

impact in time and space

(3) We propose a model of early evolution of planets and later differentiation

based on our findings form the above examinations

_’IO_

IV. R&D Results

(1) Mineral characteristics of chondrites and shocked meteorites using
mineralogical-spectroscopic technology
- The high pressure minerals of olivine, wadsleyite and ringwoodite in the
parent rock were present. The olivine and periclase were subjected to high
temperature and high pressure to produce anhydrous phase B, and the
feldspar was decomposed by high temperature.
- The grouping by the impact step is determined by optical microscope, and
the movement of the observed Raman band further improves the impact

level information.

(2) Case studies of Earth and Planet’s interior through mineral physics research
- In this study, it is important to understand the mechanism of water
transport in the earth through the study of the reaction of water and
minerals in the subsurface condition of minerals that can act as a water

carrier in the subduction zone.

(3) Inference of differentiation process and the change in the properties of the
meteorites through X-ray experiments in extreme conditions corresponding
to the internal conditions of terrestrial planets using third- and
fourth—-generation light sources

- we show efficient combination of laser pump and XFEL probe By studying
the dynamics of lattice compression dynamics and phase transitions in this

study in 100 ps increments.

V. Application Plans of R&D Results

(1) Systematic investigation on meteorites utilizing advanced mineralogical and

spectroscopic techniques

(2) In-situ probe on meteorites at high-pressure and high-temperature conditions

_‘|’|_



using 3 and 4™ generation synchrotron facilities

(3) New insights on the origin of planets
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29 1.3. RKP, EET, Allende V] &#3+-2>49](a, b, ¢) ¥#HI} dw|H(d, e, ) oW A

Reckling Peak 14005 (RKP 14005) 412 w2z F=golE(c
chondrite) 2 CM group®ll <3tk RKP 140059 74 94 % 94 BE¥XE 393}
71§18l XRF& ol&3le 25 um 7HAow Z+ AHnith 602 &< w=F3hd
mapping A&t RKP 140059 +4 $4+ Iron (Fe), Silica (Si), Calcium
(Ca), Nickel (Ni), Sulfur (S), Magnesium (Mg), Manganese (Mn), Chromium
(Cr), Phosphorus (P)o]®, °F 500 mm 2719 ZE&(chondrule)ell Si, Mn, Cro] F

2 BE3H Fer =8 U 3F3, matrixe Ca, P7F 2 £33t A Nigt
SE 2AEAY (27 14).
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50km  Eol® 3ol ¢ X3  Elephant

219 1.4. Reckling Peak 14005¢] micro-XRF¢] mapping ©] V] #

Elephant Moraine 14009 (EET 14009) *41& X% F=glo|E(ordinary
chondrite) 2 H group®l] %3t} H groupe U HE Z=glo]E 152 L group
3} LL group®tt Feg 714 ®Wol 74l gl Zsolth EET 14009 o 74 94
© RKP 14005°14 ZA€ 4 F PE Al9sta Ti, K7t
27 150 ym olst A7)e] e ZTEER o]Folx i, ol ZT=ES Sig)
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PR
Mg %<& 2 9] Fest S7F £%387u4 Feot Nivk 2 &2 (28 15).
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13 1.5. Elephant Moraine 140092 micro-XRF2] mapping ©] 7| A

Allende 42 w437 ZE= o] E(carbonaceous chondrite)® CV groupel <3¢
ot CV group< thE g4z Z=glo]lEd] Hls)] Aol A2y o= B A3
Aol A 95 e Aoz Helth Allended 74 94+ KE A9 EET

140099t FdatA T Ark (17 1.6).
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29 1.6. Allende®] XA micro-XRF2| mapping ©] "] #|

B oA ol&H F7 wEISAL 2013d %0 E = B EZoldHE FF 3k
A X3 Mawson W3l Ao 2 50km "ozl 3o %3 Elephant Moraine(EET,

W 76% 17, 7 156% 27%) A AddA I FA wEseA R aEa 35
W Ezlold = 9] Ellsworth Land * 9o €% Thiel Mountains (TIL, &% 8%
14%, 57 90% 21%) W Bermel Escarpment A G| @AE F2 nl&3-43}
Frontier Mountain (FRO, ¥ 72% 57%, 574 160% 26%) A oA wtA%E 524
2 shEA s ATk PlEseA e SAATLRAA AL BhE s EAE A

(L= 1.7).

Oh

(a) (b) (0 (d)

% 1.7, (a) EET 13014, (b) EET 13019, (c) TIL 008001, (d) FRO 100692

uhg o] H %)
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Elephant Moraine 13014 9% 76°17.115'S, A% 156°27.207'EQl oA wAH
¢13L Ordinary chondrite®]™ petrology types 6GAIZ &8 dojuA] Ex|ut A
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Iron (Fe), Silica (Si), Calcium (Ca), Aluminium (Al), Argon (Ar), Nickel (Ni),
Sulfur (S), Manganese (Mn), Chromium (Cr), Potassium (K), Titanium (Ti),
Cobalt (Co)eltt (23 1.8).
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troilite(FeS), chromite(FeCr:0,), ilmenite(FeTIO;) %= EA3l= AR H
Aoz e A e AgAZ FAFEo o FE=Eo|u refractory

inclusion & ##= A ge=vt (19 1.9).
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Elephant Moraine 13019% $1% 76°43.015'S, X% 158°46.375'EQl oA 27
%13 Ordinary chondrite®] <3t} Petrology type 6%Alo]lil L groupe]tf. 4+
HA W FA4 d4&E TIron (Fe), Magnesium (Mg), Silica (Si), Calcium(Ca),
Aluminium (Al), Sulfur (S), Argon (Ar), Nickel (Ni), Manganese (Mn),
Chromium (Cr), Potassium (K), Titanium (Ti), Cobalt (Co)elt} (Z¥ 1.10).

apping®ll W& 94 X

] gkt Aol A1)

5]
o
—_
—_
o
o
D
ksl
=
Q
=
—t+
=
o
=
8,
=
[¢]
—
w
(&)
—_
o)
fo
b
2
oft
ot
M
1
3

%
of
N
o
B
lo,
e
of
o
=
|m
rr

2
o,
Mo

%
o
fr
o
ofd
M
>

Vein 992 Ni7} ®o] #2353 glom veing 7oz & do v Sivf
i #xskal Cast K= &A1k, 2 vpg 3+ S04l S

]_
wpero] 7hepAls} 4 em olfoldl Fe Mg silicate FAH ow,
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vein 992 Fe, Ni, Co 59 #&E4 o] o & &AM uid, F 7]4deo] 5

= Tl silicate FEEZ o]FolA SVl WEA ALz AlsdEv. £F 44

troilite(FeS), chromite(FeCr:04)7} &A1= 2oz Belth (¥ 1.11).

X
EET13019. 5 Ry
HV: 50kV- -

1Y 1.11. Elephant Moraine 13019¢] %} (phase) ®¥ %=

Thiel Mountains 080012 Bermel Escarpment®] 9% 85°14.262'S, 7
90°21.046'W¢l 3ol A A% A}t Ordinary chondrite©] ™ petrology types 697

o

2§82 dojuA FAR A FE gEol wdststa MAdS w2 o yE

il

Wk vhA W #A Y94+ Tron (Fe), Magnesium (Mg), Silica (Si), Calcium(Ca),
Aluminium (Al), Argon (Ar), Nickel (Ni), Sulfur (S), Manganese (Mn),
Chromium (Cr), Potassium (K), Titanium (Ti), Phosphours (P)o]t} (19 1.12).

13.73%
23.18% 538%

45.59%

13 1.12. Thiel Mountains 080012] X4 &3%%4 mappingol W& U4 #3E
g (7 dao AFHAEE AR R FFEA @2 2ol EA))
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WA W 2 grainsS Fedt Si, Cagsol ¥ 1ow, grain ¢toll 2 HE

& opaque mineral4] chromite(FeCr:0y), troilite(FeS) Solil, #&3 FE A}

3
o] veine Fe-Ni metal o] X3t o2 HRITH

A BEEs 94 E¥XE T EY, Phase 12 Fedt Sio] #¥x 9t fAFsha,
Phase 3 Ni9] #¥9} {A}slH Phase 6 S %9 Phase 72 Cro ¥
AdAsH o]Z Ea 2w, A-UA g7, Z=Ewvlo] E(chromite, FeCr0,), EZ0]
2ko] E (troilite, FeS)Y Ao & ®Helth (Y 1.13).

Frontier Mountain 10069% 9% 72°57.198'S, A% 160°26.762'EQl el A &3
Q131 primitive Achondriteoll €3} ureilite group©lth. 47} S5-3I 274
boz FZ WAL A x| drl wAH W FA YA E Magnesium (Mg),
Silica (Si), Iron (Fe), Calcium(Ca), Argon (Ar), Chromium (Cr), Manganese
(Mn), Sulfur (S), Potassium (K), Nickel (Ni), Titanium (Ti)elt} (¥ 1.14).

_25_



219 1.14. Frontier Mountain 100069¢] XA & 3352 mappingol] W& 944 X
S (7} Yo AFHAEE Ao 7 ATRA 7y} o] Z4))

7 99e AT A% 3 ok LEH 999 2 grain Sis} Fert
2 Fxa, 7l 992 Ca, Si7h £x38taL Ytk & grain Alo]l F7A FEe
=

oo
¢}
Feo}t S, Ni7} &A%t} 2 graine olivineo] i, 7}t 492 3| Fo] &5 9]

T
e N

111

t

>

J BEE P94 BEE THIEDY, Phase 2 Si ¥ X9 FAF8Fal Phase 3%
Fedl #¥9} #4138, Phase 45 Ca®l ®¥ ¢} FAFStaL, Phase 6& Nie ¥}
frAFSEH, Phase 7 SO w3t dA gt 7tz et F o7 FES

pyroxene, olivine, Fe-Ni metal, troilite(FeS)& ®.Qlt} (2@ 1.15).

P ELENE Po [FH

) e

22 1.15. Frontier Mountain 1000692] 4} (phase) EXL %
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A 28 Micro-XRD

WAL (synchrotron radiation)& A A 5 sk 7M. 31 YA (charged
particle)7} &% whako] ths] & WEF(transverse) Q2 7t&ES wrow WAl Hrh =
g oA A (electron)W ¥ A (positron) 7t 25 A (A4
Fol k&S ol AmrE FHWA 2 "k AF7FET]A 34
iz G99 AR ZalleS 7 FA A4S sk o
AL mlolaR A7Y FEEE FAEH Qo e F3t AAE
Zes HEse volazR g9 X-Adde] "Hasith £ AFolAE NSRRC
(National Synchrotron Radiation Research Center) TPS 21A H&keld APS
(Advanced Photon Source) GSECARS 13IDD ¥ 2}1-& o] &3} 3t
TPSY A% o8 348 717 XA A4XA (continuous X-ray
(white X-ray)e] WAst=d AI8E XA Wo] dis] dAS wFoz n7g3
T NAXAE 2ol BE e XA sdo] dojubAl dte] ZA Y FFAA X
3 AE A gl P o dolHE Ak wH, APSOAE 54 I
S 7} GAXA  (monochromatic X-ray)el 2AsE=d 54 A S (Miller
indices: hkDE zte x4} o mRH Aetyo] Yo XAL2 3d 4% 7] 5
H.

@AZel EAA A 5Q el et Age] ojup AR Fwel W] o

o
rlo
Z
x
>
S

2

i

ol

3 AREHA HH ol WA ow HolHE AT (& 2.1).
F 210 N BARETEES Y] (TPS)S) of2 < WARR7FEY] (APS)] ekl A€ v
al

Source Undulator Undulator

Energy Range 5-30 KeV (white beam) 4.9-45 KeV (Monochromator)
Energy Resolution 104 104

Focused Spot Size 100 nm x 100 nm 2 ym x 10 pm
Detector Dectris Pilatus3S-6M Dectris Pilatus3 X CdTe 1M
Technique X-ray Laue diffraction Single crystal X-ray diffraction
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1) ik ARG TR

gt WA 7471 9] TPS (Taiwan Photon Source) 21A ®Wekele X-A vy 3
A Qlgkeleln wlAGtz EAS 93 XA (FORMOSA, FOcus x-Ray for
MicrO-Structure Analysis) end station® 7}#al Uth End statione 2D/3D
X-ray Laue 3|4, % X-ray mapping, X-ray fluorescence/mapping, X-ray
absorption spectroscopy ¢l 7Fsdttl. 2 AFolAi= Laue 43 X-ray
fluorescence, SEMS ©]-&3lith (19 2.1).

AlEE 7F2 5 mm, A2 5 mm Z7]¢] WHS FHjste] Alm Frjol Fsia e
v (29 2.1b), Laue ¥]d-2 white beam< ©]&3l3 3 A W= 5-30 KeVol
" Pilatus 6M detectorg AF&-38titt. ¥l A7]= toroidal focus "l e} ¥ 29
K-B " &7} 294 focusing A1 28102 FA 0] 9lo] 100 nmolA =A o}

Pilatus 6M:

29 2.1, (a) iR WAE 7S 7] TPS 21A baemline FORMOSA end station®]

A 4 A b) AR FH B

ol2& Iy dF4 (Argonne National Laboratory) W APS¢] GSECARS
(GeoSoilEnvrioCARS) 13IDD Hl2}el& tloJolZ= il Al (Diamond anvil cell,
DAC)¥} t)-3] 12%+7] (Large volume press, LVP)ZS o]&3] =3 2% g e
AA A B AA e AFHE Ed g AFE FAY F gk w9 o
274 Id #H = bt

2 AT o] &% =71 Pilatus IME o] &3te] 529 =F At & 9k 500
el 3 deles FrsAT 54 ouiAE 30 keV (A= 04133 A)ell W =27]
2 x 10 um 27|12 FHste] FASAT (28 22). LaBs (SRM 660)& ©] 8-t

_28_

o 778 AQGE HASAT

bhoto. Camera/
pa

ora=

diode ="

Diffraetibn
2D image
>

2% 2.2, APS 13ID-D H2}elel Al 9] Pilatus3 X CdTe IM< ©| &3t single

crystal x-ray diffraction A&

2017 5493 10€e] NSRRC (H¥7h&71AF ) oA die-XA 34 BAs 4
Aleh AlEE 72 5 mm, A2 5 mm 2719 #AS Fulgla oy A& white
beam® & W+ 5-30 KeVolr Hl A}o] == 200 nmeo] 12, Pilatus 6M detector A}
gtk (2 2.1).

Lave 34 ZA3= 7z v]&3e24 W olivine group, pyroxene group, oxide
mineral®] A& 2o Fh. RKP 14005 Y olivine group< Ca, Mg, Fe7l 414 Sl
+ ferroan monticellite (Ca(Mg,Fe)SiO4) o] 3l EET 140099 A &= fayalite (FexSiOy),
Allende S=Fo]lEo| A= Mget Fe’l 419 9+ olivine (Mg, Fe),SiO)2o 2 T4
o] 593 olivine groupolol®= Al Dt FA 4Tt AolstAl UEb
(29 2.3).

Ferroan monticellitet™ Cag Z 3= forsterite’t 1100=7F P& a1 g7 ol A
AR EAY forsterite®} Cas EF3I= 34 2 whtddiEo] 4 374
500%el A Rk W BAEE FEolth Al Ao ZEgfolEdA RF kY
BE-L chromite (FeCr:O4) ¢} pyroxene group®l™ chromiters & WA Z-& A=}
olty (¥ 23). EET 1400991 A7k ¥ FES albite (NaAlSisOg)9t troilite
(FeS)Z A3} Fe, Nie] ubgel olaf o 650K °lstz SH¥ v ZEEA
Fe-Ni-S £8&52 ZAIEIAY 434X o] shock metamorphism, thermal

metamorphism Z-& 22+ #AS & A HE FEolt; (18 2.3).

_29_



(a) RKP 14005 » } Elephant Moraine 13014 W £A3}= vein W d 9ol ths] APSolA w24 X
Olivine Troilite }‘\j §X4 _‘?_QE ngo]’oﬂ‘:]— (:La 24) E/ﬁ' ogo_ﬂ'_o,] 1}_]—@261 X/‘Kj §:]Zé T,‘:_‘—/ﬁ' éjl]-
ringwoodite, troilite, iron(kamacite), majorite, omphacite 522 T =] AUt

troilite®} iron< 239 R<%(host rock) TA Aol slFEH olu irond

kamaciteol <43t} Ringwoodite: olivineo] 1% ¥ 128 wol AAEE ¢
Pyroxene Chromite #E ot} Majoritex= pyroxene®] 15-25 GPa ©]9] gt 9 1500% o]/ 1%
wol AR HE a1 FEolth
- B ] - * Microscopy image » FESEM image
~

(b) EET 14009

Olivine
Pyroxene Chromite ':Rgni:‘f;:iw — v * SDimage
= Trol S
(c) Allende |
Olivine Pyroxene I u
S J.tgwh.ﬂm-_ﬂxﬂ,\_.w
219 2.4. Elephant Moraine 130149] vein W ¢t #&9] dv] %3} FESEM
ol x| # wAYg XA 3]d ojux F e

Chromite Trofite Elephant Moraine 13019 Wl £x13}= vein Wl 4ol tls] TPSol A 9o XA

34 BAS FIsAY (29 25). 2t % F A (angular tolerance)= 0.5, A 3t

] A 3}7] A3 AAtE reflection 5 40002 AA3Fom, FFHAS 98]

Albite AAE spot Z7]E 0059014 150 wlo]lZ 20|  reflection HES A=

background intensity #*< AAs|FH ok d=d ©]R o] Thres. multe]™ 0.7-3.0%
AR} Ve XA B4 A3 orthopyroxene, oligoclase, eastatite’} A8t gl
Aok (F 2.1).

39 2.3. RKP 14005, EET 14009, Allende Z=glo]Eo A wAHE olivine,

pyroxene, albite, chromite, troilite?] Laue 34 <€ ojn| x|} 3 &gl
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= Microscopy image = FESEM image

213 25. Elephant Moraine 130149] vein W 1%} #&9] dv] %3} FESEM

olw] A

B9 44 72 A4

o

21 50l XA 3E B4

Angular 05
tolerance
Num Ref for 400
index
Spot size 1.0-100 0.05-150 0.05-100
Thres. mult 07 20 30
Num of selected 216 243 346 208
peak
Num of
indexed 191 217 276 176
reflections
R factor 1.00 111 136 1.7

Thiel Mountains 08001 W &A&t= vein W F ol ol APSeA @4AA
XA g4 24 Fd8ta, TPSolA v XA 34 24s Fdsiat 2 WA
A o9 a2A XA 3FH B4 A omphacite, forsterite, iron oxide,
periclase, anhydrous phase B7} ®3¥3}a 121t}

olglgt &4 HolEE Rietveld methodEs ©] &3
697%= UEST (29 26). oldd FA FEE
WeS fF8lE 4 d=d forsteritet= host rockel dFEH P EAEE
forsterite”} periclase®}t °F 12 GPa ©]%4}, 1000-1600% Atole] a1k, a12 370l A
3-8 anhydrous phase B7F A4ES ¢ 4 vl omphacite®

ultrahigh—-pressure metamorphic rockollA AAFW o|FZxlo]ES] FQ A A

o
BN

o 2
of
o

>

Eag Add R
:
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® % shielt.

= SDimage

+ Phase 3 : Lepidocrocite
v Phase 4 : Ferropericlase

719 2.6. Thiel Mountain 030019] vein W 219} #&E<] #n 7
olm A 9 ©AA XA 34 o|m A 2 FE, APSol|A AT 4 g

Rietveld refinement

o] @h$-o XA 3HL FA Q47F Mg, Fe, Si, OF o] Fox

ez}
-
Aavoni Lol BdolgA FRe| Brbssl AYTEE 9

Fge=
a3t dtl. 2+ F2H(angular tolerance): 0.5, A3 gty vluslr] 3l

A reflection T 40002 AAstgon, FxAMAS gl AAE spot A7) +=
0.1014 90 mlo]ZEo]v reflection A& 93l /\1 background intensity #%< 2

| 5H—Zr1°]: E}Etﬂ o] o] Thres. multe]™ 0 A3ttt Anhydrous phase B
S P8 v HEH reflectiond 245712 S@Hlo R B3-S wjrcl 38 oA

reflection Q‘:‘: Aoz YElytth (£ 2.2).
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¥ 5322 #Ffel XA

34 BAe B9 4%

Angular tolerance 0.5
Num Ref for index 400
Spot size 0.1-90
Thres. mult 0.2
indextla\‘durr:a]f::ctions s
R factor 1.61

A 33 Micro-Raman

am%wg BAe Pt 9% AES
e Al Wska o7 Fo

= *}%6}71 ol Z1A, A, A T SuF AR dFFA, ASFA

A F9lol 87, 4] A LA 9}

4% bsdth v A5 dolA

o~
%‘F% AR :g-)\ [EIReR g}u

el B3 ARE AT

245

LR
R
A W e

a2 (Raman  scattering)o]2tal gkc), 18]ar

gl

QA itk e] 5 FAE B RbA ZE(Raman shift)ghar $ko,

S

DPSS 532nm

Beam expander

X10

M D

sample
L

XYZ stage (mm scale)

S

S9 31 vhelaw ehud Asd 2
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pectroscopy

Gratings

2 Y2 Micro-Raman 47|72 AAltea 2A48A 5242 Horibarls AMS
stdom (1% 32), BARE 1y 319 2k geEdye 548 SAsE YAt
o EEAA #3 AHE AT FrE A F99 34, 53 4z @GAg
Aol QAo A7 Foll ul§- AnEm Yol AE ALgs] 7)A, AA, mA T I

=
F AR WFEHA, AWFHEE Jhedtrh ¥ A71= 20 umeol™ 532 nm IS

a9 32 QAU AR vlolAn Bt 4A B

Micro-Raman #42 532 nm 342 AFE3le] 1800 gratingolA] 180% &9t =
Atk vE3te-4] W Olivine> Mg$t Fe A0 wigl giut 337t t=24 o
Ebibi=d), forsterite™ 826 cm ' 858 cm ! A ol A vER AL, fayaliter® 815 cm'!
7 836 cm! ZA A Yetdth B A#Hel 4 el 823 emt, 826 cm e} 854
m’, 859 cm! g% A= Mgé Ferl 439l olivine® FA3Th Pyroxenes
typeell whe} 4ol &Hel triclinic pyroxene 655 cm' =9 990 cm ' TAH A
Z ¥, monoclinic pyroxenes 2kt =7 660 em ' 2319 1000 em A ol A
#AZ At Orthorhombic pyroxenes 660-677 cm' A AA 327t S A (broad)
e, 1004-1010 cm™? ZHAME WA (broad) WeERHTE B AHA 667
cm ' 1011 cm™'el #@gk WA7E WA (broad) ¥ o] orthopyroxene$l O
Btk (19 3.3).
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1

2600 (823.1cm™) 1600 (826.4 cm™)

(854.5 cmt)

2400
2 2
@ 2200 2
[} 2
£ £
= 20004

1800-{

500 600 700 800 900 1000 1100 500 600 700 800 900 1000 1100
Raman shift (cm’1) Raman shift (cm'1)

()

(1011.0 cm™)

1200

1100

Intensity

1000

900

500 500 700 800 900 1000 1100

Raman shift (cm™")

a9 33. Z=g°]E W (a) olivine?} (b) pyroxene2] =}7+ Ho]¥

=4 &34 W Olivine> Mget Fe EAn]o we} g9t 371 =24 el
U=, forsteriter™ 826 cm '# 858 cm! oAl YENG I, fayalite: 815 cm 1T}
836 cm ' A IA] YERGTE B Al A YER 821-822 cm 9} 852-854 cm ! &)
v 9=3E Mgét Ferb 491 olivineo® 48t} Graphite: 1331 cm '3 1584
em ‘ol UERUE graphited 1 39HE ol diamond7b ¥ 1331 cm™ Fel
sholder ¥ =7} YelvA @l B AJHLS graphite$l A2 2 HQIth Pyroxene
typedll we} Aol gl triclinic pyroxene< 655 em ' A9 990 cm ! A A
Z¥W | monoclinic pyroxeneS 2tk =7t 660 em ' A9 1000 em ! A ol A
#zE ). Orthorhombic pyroxenes 660-677 cm' &HAA =27t WA (broad)
YElH, 1004-1010 cm ™' ZAH A% B A (broad) YERTE 2 Al# A 660-665

cm e @9 9127 #3250 monoclinic pyroxene$l RO ® ®Welth (1E 34).
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. 1560 cmt "
1332 mt

+ gt
1000 1200 400 1800

Raman chift iemh

(c)

a9 34. 2=9°]E U (a) olivine¥} (b) graphite, (c) pigeonite®] &7+ ©lo] ¥

1 4o WaE BASE Ao FuE gk 53 4

o el 9§ AT EHol EAskE Aud A4 ge Fel B va
5 he JES FHsm A2 Aoz FAAD olbd AWy YrEe A
Y4 27 RS AA Ame] FASYAW, D ol Bl AT W
S W AbolE w@T gon oud w@e] FHA ATEA FYYL £7
At} Zzte] s 4RSS bgHow A(RE) dgE FHE AUYE T
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D AZd Add 870049

HAEHE HEDE AT AbEl
(Nature Geoscience (2017, 10, 947-953, IF = 13.941)°l Al A1)

e tolEx Addox HAFHE Fo FE FEoH 111 oTHA F4 F4
g FEoth A YolEL WY HAE HFHOE 142%E AA s FER
A AQdNA A FER & WA e U FEE A9Y =d0A
o] &3 FhEE Yol E] whgel tE A= AT iR B 9 AAYUSE o]
el w o guE spxv Axel FH-EA EAEL de FELEL 7}
2210 E(ALSLOs(OH))7F A3} 75km Zolell sldsls &% 43 oA =
A7 FhEEgelE iR Fx9 F zbel FAH dpe BFS wole AL
1590 (7 — 10A), °F 80 GPa % 574Te] S4eIA A= 1240 Pt

3" Fart #EEN FUEH o R Ao Ato] Ecoesite) & BAstE Ae #AFA
9 (2" 41D, 253 AEEvelErt By e d7oz AjdeA =W o

200km ZHolelAE the EFrESs T BER W

2 FEA7 Ed

,d
HIRNN

Ade

[P
RLTY T T

Intensity {Arbitrary unit)

T T
4 o 8

T T T
n 1 14

2theta (degreep

FHg e ol se)

258 olF W
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A e —— ]
T

e LS
—h A $R2EPa, 3NN
BIGPs, IHEC
WGP, 20TC
AP, 297°C
AMIGPL, 195C
170G, 195 C

e e A 1 WG R, 180

1.1, SSRL3 APSellA ZA% £o] EAdh=
of mE AR Wt 9 Jheevtol

[ E—

A e

.

‘ T i ey
|

P

Famt

2oheta (ieree)

F7AolA 9 FHeetol B

©] (001) reflection d-spacing®]

200km AHelH FWom wE W
N T
Fol vianlel §4e fEsA Arh ol

AddielM el vtart J74 2 Axe] s sor ooz MAYES AT

&
$as
dlo
tlo
f
)
4
il
o
ot
X
Jo
ey
i
e
flo
N

i
o

Fe-3% 4% 4 dolol ot A7 Akl
T4 EZA B 99 wAAZ el 10 GPa 2
) Adon LeuAd AN X-4 94 AVe AW
thoolg olgste] 2] HAdHe] WalE BRSO, ol AFAAY &
=

2 A"elA #aA %3}%‘6 Astolth (29 421). #F A5 dolH

11.23GPa/ 600C
11.736P8/ 500C
M\ 9.02GPa/500C
M\, s026p /400C
J\_ 7.026ps400C
_ 7.026Pa/300C

5.01GPs / 300C
i 5016Pa/200C

3.01GPa {200C

= 3.016Pa/ 100C

o : : "——"'II:‘IL L‘ A— 11seraf100c
=) S D SRS |8, WO RS
| G 1 WS S ¥

—_—

a9 421 2N e% o] mE XA #daue W

1156P

oL

'~ Ambient conditionis

3 Az A BFoNA e SFHAS AHARE AT A3

(Current Applied Physics (2018. 11. 1218-1224, IF=2.058)l #1A])

F 21234 (tremolite, CaMgsSisOx(OH)2)2 AFAA 712 F 7 £& Al 79 ZAz
s T AFTFoE FAE oldE Al&(double chain)g FA SR & AFTFRE
ZHA = APEA 6707F P S vtEL o5l WEHO 5wl AtEe] wdHE
TE2E ZA At FAAALE AdAl EAlste ARYY AARER A9
(asbestos)dll £&}7) % 3hth, ¢ el o|alstels A AA A8S & 4 9= I}

=]

B2 A 2ol olitsteast T4 b Oig A AU



Wash weste] 05 GPadl A 160% G& b F A% gl YU (17
‘:r/] Q

431). AHEAdES B3 &S W 74 GPa, A

Entensity (a.u.}
! -

1% 431 PAL 10ColA &3 o]ikstgtirt Exlsts B4 oA 21434 9

A 5 A3 FPL UF 2ol sYE= F¢ BH A

=3 =4
H 3 O =
W By f5
ol EAste B AH T W o] 2ug, xugt U= uAg E
zue] F3b Amel s frk ol2d B4 FHE V& & By Fu=
o} BEAEEe FFEolRon gk vl 7Ed XA #HolAE ALgsH uwig
3kl ol FEE wEe dA54S AFFeEA 5 W ¥§ B2 Ae

&5 AE3stE 719 ARAA do]lA(free electron laser'FEL) 7]&

AR T s Wil 209 7 Esl sl sheh w, 200 YewEl o]she)
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He AT Ag Wabgo] FA3] "ol shAde] e #olAet 2
WAL ALE o]8&d 4 §lo] AVFE AW AM(self-amplified  spontaneous
emission:SASE) W o] @Al SH3t= Welth ol e dE]E o &ste 4
WAFES 11 gge] 9 AY] 59 XAola, w3t AW F3o] ¢l AroE

oln], 7FZ A9k (transverse coherency)©| €83k @] o] 4 o]t}

B oATAE oled FUe olgd ATF WAl ¥ P BAD deiA Us
A-Ua ARE BeblolEd A F5sel, 38 874 482 2449 (19 5.

SN 0% g 124 B4 Fohed, B HZHE Laser-shock 2%
o bA, R FF VEHEA (A A U bed B Aol A%

A = A

Detector
Rayonix mx225

=

a Optical laser (800 nm, 6.1m. )
150 ps, 100 pm i

XFEL (9.7keV, 0.4%bw.)
30 um, 0~1 nsdelay time ',

4x4 holes of
Smm dia.
per cartridge SRS

Iinear sample stage »
He bag

I 5.1, 20174 12€] A WA laser-shock o5 WEMY Fot ALg%E A Hx

2 9um HE-UA AR

2017 12¢€ 9dHEH 4¢3 2018 9¢ 10¥H¥ 4U3t PAL-XFEL (4™ o] ®AE
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