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SUMMARY

I. Title

Formation and evolution of Transantarctic Mountains through the studies for

extraterrestrial/terrestrial rocks and volcanoes

II. Purpose and necessity of R&D

Essential scientific activities including acquisition of geologic information and
platform building for the economic—industrial aspects of the right to voice,
sovereignty, and future resource development

Aquisition of basic geologic information on the petrogenesis of rocks; the
product of past geologic activities in the Antarctic continent

Understanding of Earth formation and differentiation process with Antarctic
meteorite and cosmic dust

Unraveling the interaction between the eruption of the Cenozoic active volcanoes
and Cryo—hydrospheres

Building a platform for Antarctic geology and meteorite information

M. Contents and Extent of R&D

1. Revealing of formation and evolution of the Antarctic continent and formation of

planets through geological and meteoritical investigations in Antarctica

Establishment of evolution models on break up of Rodinia, paleo—Pacific
subduction and continental crust evolution

Understanding of tectonic and paleoenvironmental change of the Antarctica
through the Paleozoic basin evolution and Mesozoic volcanism

Evolution of early solar system and differentiation of asteroids and planets

2. Monitoring of active volcanoes in northern Victoria Land and investigation of their

eruption history

Monitoring of volcanic activities of the Mts. Melbourne and Rittmann using

volcanic gas chemistry, seismic signals and GPS data



Study of geochemistry and stratigraphy of volcanoes for clarifying the eruption

mechanisms of the Cenozoic volcanoes and reconstruction of eruption history

3. Building a platform for Antarctic geology and meteorite information

Building database and curation system for Antarctic rock samples
X-ray elemental maps of Antarctic meteorites and releasing to web
Establishment of archive for remote geologic information (3-D geological

outcrops)

IV. Results

1. Geologic and meteoritc datasets of the Transantarctic Mountains

Field relationships, mineral chemistry, metamorphic facies, deformation
temperatures, and age data of high-pressure metamorphic rocks along the
terrane boundary

Geochemistry, melt composition, and tectonic interpretation on the Paleozoic
igneous rocks

Detailed characterization of the Mesozoic wood fossils and estimation of humid
paleo—climate

Lending of reef samples to PPR and discussion for co-work

For the first time in the world, laser impact experiments on Fe-Ni alloys of
pallasite meteorite and observation of phase transition at ultrahigh-pressure
conditions

Establishment of top-level isotopic analysis lab for oxygen and noble gas

2. Design of monitoring system on active volcanoes

Monitoring plan for gas chemistry of the Mts. Melbourne and Rittmann, and
development of eruption prediction technique

Tephrostratigraphy and geochemistry of recent eruption products, and
demonstration of post-Holocene multiple explosive eruption events
Transportation and sedimentation processes of volcanics from sub-glacial

volcanoes around the Mt. Melbourne



3. Construction of the Antarctic geology—meteorite database

Systematic classification of rock samples and plan for future study
For the 10 meteorites of high scientific values, releasing of high-resolution

X-ray elemental maps for future co-work

V. Application plans

Leading multi—disciplinary international co-work based on the Antarctic inland
hub

Applications of Antarctic meteorites to future planet exploration

Applications to predicting volcanic eruption and hazard prevention manual
Integration of geological information and resource strategic management for

future initiatives in Antarctica
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e GIS Representation of Coal-Bearing Areas in Antarctica (United States Geological

Survey, 2016)
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Cretaceous province (Australia, Nature Communications, 2013)

e & The Dorn gold deposit in northern Victoria Land, Antarctica: Structure,
hydrothermal alteration, and implications for the Gondwana Pacific margin (Italy,
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China's interest in mining Antarcticarevealed as
evidence points to country's desire to become
'Polar Great Power'
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in exploiting Antarctica’s minerals despite an
Intemnational agreement preventing it.

It is thught the icy continent has abundant
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Repositor Rock - . . .
v Name Sample Description Region Period Formation
. . Central
PRR-6339 Limestone Elr?:%; ehgcn e:,gﬁgg with Transantarctic
¥ ) Mountains
. Archaeocyathids from Pensacola .
PRR-10001 | Limestone . ) Cambrian
limestone Mountains
o Southern
) Algal reef? silicified. Lowest .
PRR-11769 | Limestone - Transantarctic
[?? see notel bed of tillite ,
Mountains
Weathered trilobite coquina
in gray marble. Ellsworth-Whitm ) Minaret
PRR-14133 | Marble ] ) ) Cambrian .
Archaeocyathids present in ore Mountains Formation
3" band.
Weathered coquina.
Archaeocyathids and Ellsworth—Whitm ) Minaret
PRR-14134 | Marble y . . Cambrian .
trilobites dominant. Mollusks | ore Mountains Formation
present.
Weathered trilobite and - )
) . Ellsworth-Whitm . Minaret
PRR-14135 | Marble Archaeocyathid coquina. ) Cambrian .
. ore Mountains Formation
Oncolites common
Limestone clast, in place in
Whiteout
Conglomerate-contains large
. (1'diameter) and small Ellsworth-Whitm )
PRR-14139 | Limestone ) ] Cambrian
Archaeocyathids (?). ore Mountains
[Ripplemarks and trace
fossils?]. Bulk rock
mudstone W-79-46A
About 20-40" below base of
highest limestone bench get
several limestone outcrops. .
S . . Springer
. These are rich in trilobites. | Ellsworth-Whitm .
PRR-14226 | Limestone . ) Cambrian Peak
2 different but close by to ore Mountains .
. Formation
each other limestone.
Trilobites, matherella an
Archaeocyathids.
) Tanlimestone. Oriented Pensacola ) Nelson
PRR-14299 | Limestone ) ) Cambrian )
cores for paleomagnetism. Mountains Limestone
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. Dark limestone. Oriented Pensacola . Nelson
PRR-14300 | Limestone ) ] Cambrian .
cores for paleomagnetism. Mountains Limestone
. Local float containing Pensacola . Patuxent
PRR-16421 | Limestone . Cambrian .
calc—algal plates or trash? Mountains Formation
Rock is still massive to top,
becomes somewhat more
. Pensacola . Nelson
PRR-16422 | Limestone bedded near top. Only one ) Cambrian )
. Mountains Limestone
or two black units on up.
Check for Archaeocyathids
Typical black Schneider
. . . Pensacola . .
PRR-16544 | Limestone | Archaeocyathid bearing ) Cambrian Hills
. . Mountains ]
limestone; massive Limestone
) ) Pensacola ) Nelson
PRR-17104 | Limestone | 1/2"” inch algae? . Cambrian .
Mountains Limestone
) Contact limestone with Pensacola Cambrian Nelson
PRR-17103 | Limestone . . .
Patuxent sandstone. Mountains (Middle) Limestone
o Schneider
. Archaeocyathid limestone | Pensacola . .
PRR-17112 | Limestone . . Cambrian Hills
bed at least 10’ thick. Mountains )
Limestone
) Archaelocyathid] Pensacola ) Nelson
PRR-17286 | Limestone . ) Cambrian )
limestone Mountains Limestone
Moraine. Tillitesource.
. Archaeocyathids Pensacola ) G a l e
PRR-18006 | Diamictite . . 7. . Permian
limestone inclusion in Mountains Mudstone
tillite (4”-5" diameter).
Archaeocyathid-bearing
limestones in Permian
) o ) ) Pensacola
PRR-18869 | Limestone | tillite. Limestone clast in )
. . Mountains
[Permian] tillite that
looks like an Archaeo?
Ellsworth-Whit i
. . ) ) Minaret
PRR-22376 | Limestone | Possible Archaeocyathid more Cambrian .
) Formation
Mountains
15m beyond [ES-124];
. . ) Southern
. finely laminated, light . . Taylor
PRR-23379 | Limestone ) Transantarctic Cambrian .
gray to tan limestone, . Formation
Mountains
perhaps algal.
Limestone here somewhat
) ) Southern
) mixed lithology. Some ) ) Taylor
PRR-23381 | Limestone Transantarctic Cambrian .
chert and sandy layers. ] Formation
) Mountains
Algal fossils better seen.
Southern
. . . La Gorce
PRR-23472 | Limestone | Lower interval Transantarctic .
. Formation
Mountains
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Southern

) ) ) ) La Gorce
PRR-23473 | Limestone | Middle interval Transantarctic ]
. Formation
Mountains
Southern
] ) ) La Gorce
PRR-23474 | Limestone | upper interval Transantarctic ]
] Formation
Mountains
Dark gray mottled
limestone.
Archaeocyathids ~1.5cm
diameter. Micritic
limestone with irregular Central
. . . . ) Shackleton
PRR-36391 | Limestone | cleavage filled with spar | Transantarctic Cambrian )
. . . Limestone
calcite?  [Gootee Field Mountains
NB]. Highly fractured at
low angle, some veining;
bedding not well shown
[Stump Field NB]
Limestone: medium to
dark gray weathered;
lacking bedding; slightly
recrystallized, grain
supported ooid (sub mm)
matrix with hash of
rounded, s spherical ooid
grainstone intraclasts Central
. . . Shackleton
PRR-36434 | Limestone | (2-5mm) (15%-20%) and | Transantarctic Cambrian )
. ) Limestone
two 1.2 cm diameter Mountains
Archaeocyathids
intraclasts filled inside
with ooids;  broadly
cleaved (10cm);
Archaeocyathids and ooid
intraclastic ooid
grainstone.
Micro bial limestone,
. Central
) cleavage. [gray and light ) ) Shackleton
PRR-36721 | Limestone Transantarctic Cambrian ]
brown, cross bedded . Limestone
. Mountains
calcareous siltstone]
Ellsworth-Whit )
) ) Minaret
PRR-39850 | Limestone | Algal zone more Cambrian .
. Formation
Mountains
Ellsworth-Whit .
. . Minaret
PRR-39851 | Limestone | Algal zone more Cambrian )
Formation

Mountains
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3.14.1. Mesa Range Mt. Fazio®] AW 3}k HA131 54

Protocupressinoxylon type wood (KOPRIF 20022): W ™H-voldHl= EA3A W 1| k3l ar
I E8 G FAo A FARS] Hole tiAh g4 ALY FEAH R dvtsit. E=A 7=
FHl= g A] 9489 st BRES Holy Wy S ol HEYH HEF

=
FEgzde]l Yol Bolda EA@Th FHHxAe He REgAL B4
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FEFolth. HAdH-AlE F2 ddoli A EILE °F 1-15 Eoloth
Sahanioxylon type wood (KOPRIF 20023, 20024, 20027, 20028): 2w (transverse
section)-¢to 2= Lol H &} fFALSE w7 e el dEE AR v
olBl7} FElakAl eFar Zo] wl¢ wrh yolH I EAstE A, =AM FARY dole b
%!

& FAG Wolu FAbE FuE A4Y, vdAd, B9F Sol EAstn

ol
i
i
>
=
rir
i

¥ FAEEdh FAZ =R A9 Az YA wFor dasta A EHo] tha T4
o WA o] sl 22 Wy FHe] Fxge] A FAEE EA8A Feth

ok

AFeHE (radial section)-14, 24, &= =24 399 7tE3 WA Fo] ERstH 19A ¥
5 AR ZEFAY BEHow "ol EAdE 24 ol Aol AF us
o) A (opposite), WHol A (sub-opposite)S Holw 7F=w WalH o] deE 99 B9d, B9
2 &
H h

A, 7249, 28l AbvhE] E(scalariform) FE ] w9 Tt BG5S ®Holt WAk

5
&
<
S
e

2 9949 (taxodioid-type), 23 (cupressoid-type), =& Y48 (araucarioi
olx, ALY F= 1-37, B A 5AZA EAGTC WAz Ae FHEI G vt
U] 2 % (nodular)®] 27} A5k WA= F(ray tracheid)S ¥z @=th HHdd
(tangential section)- A= ©@d, g T BEA ko] EAst AFE9] =
Hzolth WAL A AEe FE= BldEol A Autee] mS Az wWAA ] HA o] $1E
2 AT E k] ¥E G- (Abietineentiipfelung, Juniperustiipfelung) 7} & A8t 7} = 9]
HEol i SRlHA skt

Agathoxylon type wood (KOPRIF 20121, 20122, 20126): 3 v+ (transverse section)—4©]

H7F S48, T3 A9k vk 497 EAE A FARY olde FE FZ4

of!t

X
o

T EAEA o FAFAE EI FAEA] Fa T

=

!
(sub-opposite)?] F#45S BOlth WAHFe Aol YR Wi Wgow
A Fz2 467, BAE 97 ool EASH WAlGzZAe Fuwy AMuwe B
(smooth)3}t}h. AP -2 15 A ¢Fa HA @ (tangential section)-WAMl= 2 @4
ol WAMA A2 FH= BHAFAA FUFY] EEs Holw WAMAY HAadd d4F 4

Al g 9F pae 24 gt

3.14.2. Mesa Range Mt. Fazio2] AT Akt 54 344 FA-d gk 1z
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Mesa Range®] Mt. FaziodlA At&d SASAEY s)Fstd Fx& #zs Ay, dx)74]
A 30 EHFaFo]l  #el¥ v (Protocuprissinoxylon, Sahnioxylon, and Agathoxylon type
woods). &M 2§ & Kirkpatrick Basalts®] 3F5-%¢l Section Peak ZolA F2 AF&EFW
Kykloxylon FAjs}450] Mt Fazio®] 3MbetEolM= A8 &= #] eskth= AR oltH(Oh et
al, 2016, 2019; -4 €], 2017). )= Mt. Fazio?] 3Hitetso] A Egololsay] o]Fe] He)
7ehe AMd S EINATE Aol AW Eftolotxy] EEUFe AEA, 53 HAAEA
o] A5 AAZA gl AR E FAAM] Dicroidium®] EA#F] Kykloxyone] FA %
= A A7 sHAIRE HeprlE dorbeA EEdiE o AN EEd & WEht gl
i, FAFAE Kykloxylono] AFehzl 2k2lE F37(conifers) 2F A2 F-(bennettitales) 7} T4l
2kAgkl o, ool FHelrl €9 AFTHEE AN Y AS & Avk 2 FHerle SR
B2 Egfololxrlel vl I A E tha gobdl Aow Hth ofoh 2 AAe Wit

it Egfolopar o] vl Hls) & o 3fetal 53 7152 Wek FHeble] 7)ol S 1w
=

rE

AREANE A A FHES Boly] AT EE B AR 24 2 nAUUS 48

sttt w9 AFASAdAE FALAH 7] F(TAEA:  International Atomic  Energy
Agency) =¥ w37t E 7] B(NIST: National Institute of Standards and Technology)oll A
o D wjxstE SAlRTEAS o] &5l o]E V| To®E FAHUNY sHYANE Histal
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1
|
(A) UWG2 garnet |
|
T |
Kusakabe & Matsuhisa, 2008 p—afe—v] :
Ahn et al., 2012 ——
Tanaka & Makamura, 2013 |—‘—;|
1
Pack & Herwartz, 2014 } : r 5 {
&l et al., 2016 b v N i
Starkey et al | 2016 —
1
Young et al., 2016 1 [F 3
L L L 'l I L 'l L 1 I L '] l L I L A i L
| I I
45 50 55 6.0 6.5

8"%0ysmow-sLap (%o0)

(B) NBS28 quartz ]

This study p@q

Foulllac & Girard, 1996 | B 1 1

Spicuzza et al., 1998 |—1-—|

Miller et al., 1999 [ | g i

Kusakabe & Matsuhisa, 2008 i :

&hn et al., 2012 —a— j

Tanaka & Makamura, 2013 |—-—|

Pack & Herwariz, 2014 [ — 1

Al et al., 2016 e

Starkey et al , 2016

popy pelg RO REEEE g e p e o npgd el F figid o
| I 1 1

75 80 85 90 95 100 105
61EOV5MGW-SLF'.P {%ﬂ}

(C) San Carlos olivine

This study —<—
Kusakabe & Matsuhisa, 2008 ——

Ahn et al, 2012 —e—

Pack & Herwartz, 2014 } i 4

Ali et al, 2016 I—.—f

Starkey et al,, 2016 ——

Young et al , 2016 I 4 i

Sharp el al, 2016 ——
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I I 1
40 4.5 50 5.9 6.0

a9 27 5 F= AEREY AAaEHAdAs 24 243

_48_



w
—
O
Do
L
X,
)
>,
DX
offl
do
(o
P>
Mo
1%
>
[»
oz
o
o,
oo
ro
T
T
)
Mo
1%
Mo
1%
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HED #2412 3}¢]t}o] E(howardite), = ke] E (eucrite), t] 2 A|o] E(diogenite) =
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th A9 AaEdda vE AT dAH 2 240 we BHdsH 53 709

Lo
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dehRE A0 e M9 FRE TR 1 /9L AFsted ol M f8% Fuol

W, 53 HEDS A"0 @& o —024% 24 ATEAY FaFAAE 247 FAG Aol S
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Eﬂg] Xé?j_]};_

0.05 —
E Terrestrial fractionation line
0.00 4
: @ TiLoTon4
-0.05 4 A EET14049
. B EcTi4056
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A EET14049_PRISM
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= -0.15
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< .20
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=1

495 HED £49 $74719 2 4A47]19 23474 599409 24 A

Meteorite ‘He,,, *Heyud N AT d
Type 10”7cc/g 10”%cc/g
MAC 02666 243 22
How + 19 + 2
EET 14049 451 44890 73 13704
Euc + 45 + 4720 + 7 + 1372
EET 14056 529 2154 68 2102
Euc + 53 + 548 + 7 + 259
LOP NVR 011 561 0" 74 60
Dio + 61 + + 7 + 48
EET 15119 47 0" 119 -10
Dio + 3 + + 9 + 161

* Howardite MAC 02666 Ej7l~5 E3}3to] WA Y994 4Herad, 40ArradE + 4 9l
#xDiogenite LOP NVR 0113 EET 15119+ He®l 994 H7F 5417192 32 714 WA 719 59994 4Herad+= 002

-

A 714

of

o

7

Howardite MAC 026667 EET 14049+ Bl Y7t~ ARS ¥ &sla lor, Yz 4

T 71 EZATVIAINNS Edetet ol vHREAda HlelA FEle] yetdu(d 30).

14 1o Solar wind
Fractionated
12 1 solar wind
o)
10 1o 9 |
Earth @ MAC 02666 Howardite
8 - atmosphere A EET 14049 Eucrite
& EET 14056 Eucrite
6 m EET 15119 Diogenite
A O LOP NVR 011
4
EET 14056, 15119
LOP NVR 011
1 '
. Cosmogenic Ne ® —F—
| I I T
0.0 0.2 04 0.6 0.8 1.0

a9 30 ¥ HED 49 v 5994 H
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F9lo] o]Fojx om EET 14056, 15119, LOP NVR 011 Al&o] 9A&to] FE2E& o]F
ST wEY JFgT Bk S 4 5 AUk B o HYrIAE s MAC 026662
A5, HAE 719 T A A Bt AES EEE] oy e, olE AlLg YA o
of $-F4 wEAU(TS, T2D)9 7h=RBEQAT(T, T40)E F8FATHE 5).

¥ 5 Y= HED ®49 54 =&d9 (T3, T2} 7F=2EAY (T4, T40)

Meteorite T, Ty T, Tao
Type Ma Ga

MAC 02666 15 9
How + 1 +

EET 14049 28 37 1.7 35
Euc + 3 + 4 + 0.2 + 0.2

EET 14056 33 35 0.7 3.0
Euc + 3 + 3 + 0.2 + 0.2

LOP NVR 011 34 28 0 0.5

Dio + 4 == 3 + + 0.4

EET 15119 3 44 0 0
Dio + 0 + 3 d: +

FA =EdAd T3 T219 ol EHA &5 o F
A& 4 9low EET 151199 2% T37F T218] & ol BIAEe Fd =

NS & 5 UYL FAolE HeAtelEe] TF b AsnEAYelA Falg Aol s}
o

7172 B4 7IAlE BEHT EET 140499F 140569 ¢F4 =FA = 28-37 MacllA 1
Bhubsd ol 71Ed] mag faehelEg] 20-28 Ma, 40 Ma 22l 2El(clusten)®] 47 the]

6-80 MaollA =24 Yeys FadgolEY $F:4 w3
b d&Aow weT 71E RuE sgrel=e A% 50 Ma oluleld A%

<
—_
=)
t
o
H
—_
ol
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©
rlr
>,
f
v
il
=)
o
o
ol
:(I)l=
N
Y

HED &4¢ =&4714 &4& &3 2 4] 4
Gt 7A o] A9 A gAE R ETh oWl AT
g Hu FHHor on gl= ARS EES] AdiME

7l Ar-Ar AdiSA oy 2d71A o9l vE FdaA 243 HE ol Hasit



&4ol EaA ke vl ol E(Maskelynite) = 1gHel FAMAC s A4
b 240 fd(glass) $40] AR FANA 2%, 48 20S FAHE A7
of @ol o] g5 Ytk kAol Ex APFA o] FA(shock) S Wob A FENA Loj=

Aol ste] A E A (diaplectic glass), 2ol ol3] 2 APFA A9 &-&FH(melt)o] =
2 (quench)dle] FFEo]d 4% ¢ tH(melt-quenched glass). PtAAZUo]EE Ao 733l
d, T4 9AF e AFEsH] fEiA e vl Yol EVE o9 A AAEHAEAE WA B

o7t ot B AFoE FFol A BaE g4 DEW 120079 vlAAg Yol ES HABE

=

Q
A, AAdAn A e A AHBSE) 943 55483 (CL) 97, 2FvHRaman) - d A
H, AV EA7(EPMA)E o83 #&, £43to] Mz vE 7|doez 444 vy
OlEE oW 3 & deA Weleal drh DEW 12007¢] whxAeueo]lEs APEA A
gol FEA o2 1A A3}t (amorphized) 5 o] A E & HFHVE AuYE ARKIAA {1
e 4 vk’ 31b). DEW 12007 vhaAe|uolE] 54 APEY 2A HellA F24
o7 vpaAYolEr M3 5o A WIS JHAE Jo® Holed I 7
oA A AN viaAUo|ER S FHolE doxl T4 WA Wwddy ddHNE
Aow oddnt AR AR G e Ay uolER WSk Gl 7]
= APEA el EAetE Aol AbebA] Wi 22 S Wolm(d 3le), vhaA Yol Eg S
NAe AAE we vlo] AR ZZ$-(microflow) TZE7F LAHTHLHE 31d). o183 54
A uel E7E S5 A 25 LA SH(solidified) ¥ & 7HedES AlAFEHL

rlo
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¥ 31 DEW 120074 24 o2 naddste Abga 24 dgdnd (@) Mdyz (b) And=
() AW FAFAABSE) AHL (d) BSE ARl o] 214 ARzhe) o

AS Fos ALz WA g

A2 BAE FEAA wolaREz e xZo] #EH. Cry. Pl @ ZAZA XA (Crystalline
plagioclase), Am. Pl : 8] 24 A AP4A 249 npAAgrtbo]E (Amorphous plagioclase)

gt BFEAVE o] &3] APEA oA wfAAEUolE gJPor TtRAEN AHE

He F5SATH™ 32). APgA e 2 el 390, 480, 500, 550 cm ' f1A ol A

gyt Y3 =5 HolH, o] yALEL FAWAS W AP AAHA Hol= T Aol 9 H 9} v

MARA gelom g5E dx pa7b FAMsdel tek ¥avt 400

&3
)

$ & AAw,

N4 600 cm? FREOE FA WAt g AL Ae FAAstgth oled g
sHEYY FHELE HFA57] 93 249 WP HAske], 420914 600 cm” Abe] <] e
sAEY 942 AU 1, F2ge 002 AFsste] EASATHIY 33). @ol %e o
qUA5% 94 T2 (T-0-T, T = Si B A FANES} 582 onal], nad44 o
o] B¥7 AAAVIZol AAAV AN woly SHe] R¥e & AAFL FAF 4
oAtk
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crystalline
plagioclase 0 ym
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NN SN T4
w/\/\.:ﬂi’i
Nz
JHJ/\«;EE}L"L
w
T 2t |

~ 233 um
~ 255 um
I .. .1 N
amorphous
plagioclase 300 um

300 400 500 600 700

A wave number (cm™)
AEA Ao (a) HFE A HuYyF (b) A
mel AAA FAoA v AdgHd g weo

I
o
%
é

2007 W FEAow vAHdst
A& 73 jr‘ﬂo“&%‘r%iﬂ ARZL (c) w3hA) sk
A~

19 33 DEW 12007 W H-EH o=z v ZAGAste A3 2A-S zZhz Addv s Auy ZF(XPL),
AR 7 FHASA2HBSE), =4 23(CL), g% W3 (Raman) & B3 ALY, 3F¢kA 3p4k

EE AEVEAY] BHoE 47 £49
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©

¥(mm) [0.619 mm)

¥ (mm) (0.619 mm]
©

¥(mm) [0.619 mm]

©
&
©
&

a5

©
[

©
7

©
b

©

19 18 18 175 17 165 16 155 19 18 18 175 17 165 16 155 19 18 18 175 17 16 16 155
X(mm) [0.413 mm] X{mm) [0.413 mm]

I3 35 DEW 12007 ] FEHo =2 nZAAgdstd ALFA AAoA (a) Ca Ka (b) Na Kag] X-4
S 435t A&t A7 MES(wt%) #S Z=AIS 2" (o) AFEA 23 BRE dao Fol
100 wt%oll 7I7t& £& A3E HoF

APEA A Fol A wiaAegolE AR d o rtrAlEw SAI FoAHAA
o] TS Aa A S/F ol FE EAISATHE 36). 22
ST E Ha Nask Ko a2 FolxiL, Cadl & Yolx&= AS
A4 WolA Na, K&} 37 A&¥ = Si, Cast a7 A&H= AlY T JA A BFS
weolth o]zt thE 24 (Peace River, Tenham, Dar ar Gani 355, Yamato 790729)ol A <1+
H &8 F Fdste] 449 vpxAgyolEVE APEAl o] Hle] Nadl ke v Ko 3ol
2 e gE 23dS & F Atk 7S AFEJYE OE rfaAg U EES A
oA mprAgpol ER W he] met tba A 8/ A ol o] jho] 5EFE Ho
A non-stoichimetric 3| A= ZAo] &3&}A HE QA v DEW 120079 mlAAgrpolEx
o] F&] Fo] APEA I mpaAEYolEVL FASHA boll ZAMg A EF 5 F o]t DEW
120070] SAWMAE AAAAM FIAE Aom AZH= 1t 4 (~5-32 GPa)oll A AHA 9]
of M 249 Wl ofx HAFAINI EASIA = F=th AT AAA EA S

= oF ~1-3 GPasl A9 A@ATs dhrIgel e AP AN AL AgA o] FRGFHY

rl

o
O

An gF(Ca)ol &5 ¥ Ab ddFNa)o] =2 7 Aol AFH= A2 vi§ 2 el
Atk old S4°] DEW 120079 TAWA HAoME $d3= Aoz 7oy vadygd

Aol ER Z4E Ca ol ¥ wobA= Z21& DEW 120079 vwhiaAz] el E7}

oz me AP 4ol §FAonYY wE ML /YA W g AgH

1z
M
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