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“Sound velocities by single - crystal Brillouin
spectroscopy with laser heating and variable q:
Design and results on olivine”

ZEVEA : Prof. Jay Bass (COMPRES and Univ. of
I1linois Urbana—Champaign, USA)

“3D - FIB techniques for analysis of meteorites
and high - pressure samples”
ZEVHA Prof. Bruno Reynard (ENS Lyon, France)
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7/24 “Stability region of the liebermannite—
lingunite solid solution”
Youmo Zhou (Ph.D. Student,
University)

Ehime

7/31 (Advanced Science Seminar)
“Linear analysis on the onset of thermal

highly

variable

convection of compressible
fluids with
properties: Implications for the mantle
convection of super—Earths”

Dr. Masanori

Professor, GRC)

physical

Kameyama (Associate

s BEDFEE

#5411 [A] (Advanced Science Seminar)
“Making transparent nano—polycrystalline
ceramics with large—volume multianvil

apparatus”
Dr. Tetsuo Irifune (Professor, ELSI-
ES, GRC) 2015. 04. 10

%5 412 7] (Advanced Science Seminar)
“Growth kinetics of forsterite reaction
rim at high—pressure”
Dr. Yu Nishihara (Associate Professor,
GRC) 2015.04. 24

%5413 [A] “High pressure experimental studies on
Tagish Lake Meteorite — Contribution
of volatile rich material to the
Earth’s accretion”

Dr. Wei Du (Postdoctral Researcher,
ELSI-ES, GRC) 2015. 05. 08

% 414 [A] “Applications of nano—polycrystalline
diamond to anvil materials for
multianvil apparatus”
Dr. Takehiro Kunimoto
Researcher, GRC)

(Postdoctral
2015. 05. 22

#4150 “Phase behavior of tetracyanoethylene

under high pressure and high
temperature”

Dr. Yohei  Kojima (Postdoctral
Researcher, GRC) 2015. 06. 05

%5 416 [A] (Advanced Science Seminar)
“Ab initio modeling on the structure and

dynamics o Fgrain boundary”
Dr. Taku Tsuchiya (Professor, ELSI-
ES, GRC) 2015. 06. 12

%5 417 []“Phase equilibria, elastic properties

of MgSi0s—Als0; system in Earth's
interior”

Zhaodong Liu (Ph.D. student, Ehime
University) 2015. 06. 19

%5 418 [A] “Redox melting in the Earth’s lower mantle:
implications for the presence of low
seismic velocity anomalies”

Dr. Vincenzo Stagno (Postdoctral
Researcher, ELSI-ES, GRC) 2015. 06. 26

% 419 [B] “Experimental study of Al, Fe-bearing

phase H”
Dr. Masayuki Nishi (Assistant Professor,
GRC) 2015. 07. 03

% 420 [B]“Discovery of a new Al-bearing hydrous

phase (23 A phase) and some
implications to the deep earth”

Nao Cai  (Ph.D. student, Ehime
University) 2015. 07. 10

%421 [A] “Technical developments on acoustic

emissions monitoring at high
pressures”

Dr.  Tomohiro Ohuchi  (Assistant
Professor, GRC) 2015. 07. 17
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< Synthesis and ultrasonic measurement
on hydrous coesite and stishovite

My name is Ting Chen, a third-year graduate
student at Stony Brook University in Prof.
Baosheng Li’s group. My interest is in the
measurements of the physical properties of
minerals in the subducting oceanic crust and
the underlying depleted lithosphere, which
can provide insights into the thermal
structure, composition and dynamics of the
subducted plate. In particular, I am studying
the elastic properties of coesite and its
high-pressure polymorph stishovite,
the main of the subducting
high

relevant to the

one of
constituents
pressure and

oceanic crust, at

temperature conditions
subduction zone using ultrasonic method in
multi-anvil apparatus. In this PRIUS project,
I will
coesite and stishovite samples, characterize
their grain size and texture,
water content followed by the sound wave
velocity measurements. In this way,
quantify the water effect on the elastic
properties of coesite and stishovite,
effects of this
transformation on the X-discontinuity and
explore their roles in transporting water
into the deep mantle in the subduction zone.
I will stay in GRC for about three months
Besides from research, I also enjoy living in
Matsuyama. The food, culture, and the
badminton time on the weekend with my friends

synthesize hydrous polycrystalline
measure the
we can

SO as

to evaluate the phase

all give me a good time. And the view of the
sunset on the mountain in Matsuyama castle is
especially amazingly beautiful.
will have a fruitful and unforgettable time
here. (Ting Chen, Graduate student at Stony
Brook University)

I am sure 1
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< Toward a better understanding of the Deep
Carbon Cycle

The Deep Carbon Observatory Thematic
Institute entitled “Carbon from the Mantle
to the Surface” was held in Berkeley

(California, USA) in July 1-3, 2015. The goal
of this Thematic Institute was to integrate
efforts between distinct scientific fields
studying the speciation and fluxes of carbon
in Earth in order to address the long—term
fate of carbon in our planet and build up a
model for fluxes and uncertainties that can
address one of DCO’s decadal goals: “Is the
net flux of carbon into or out of Earth?” .
This 3-day workshop at UC Berkeley brought
together
scientists (Figure) from all over the world
with broad representation in geochemistry,
experimental petrology, volcanology,
geodynamics, thermodynamics, geophysics,

about 50 researchers and vyoung

paleoclimate and geology.

s

How many times watching TV documentaries on
and fumaroles (if not
standing in front of a real one!), or dropping
an eye on someone’s shining diamond ring or,
again, when filling the tank up with gas the
following questions crossed our mind: Where
have all these
originated in the Earth? How much carbon is
likely to be stored in the interior for which
we do not know anything about? Can, indeed,
this carbon be relevant for our daily life
such as by affecting the weather, the quality
of the air we breathe, the survivability of
living beings, etc...etc...??!

Farth’s volcanoes

forms of carbon been

Among all the volatile elements present in
geological
sulfur,
interesting one as

contexts (hydrogen, nitrogen,
etc...) carbon is the most

it likes

oxygen,
to occur 1in



solid carbonate
minerals (calcite, dolomite, etc..
(kimberlites, carbonatites, etc...), diamond

and graphite, organic compounds (for instance,

different forms such as

), magmas

hydrocarbons), carbides and many other forms.

Through geological time carbon has come out
the Earth (outputs, e.g.
returned back into the interior (inputs, e.g.
subduction)
atmosphere and biosphere via rock weathering

volcanism) and
after being removed from the

reactions, carbonate precipitation, and
settling of shells and organic matter onto
Yet,

even the most approximate estimates suggest

the seafloor to form marine sediments.

that there is some carbon stored at depth
greater than 660 km down into inner core that
sporadically can become mobile and reach the
surface where cyclically interact with oceans,
atmosphere and life

To date there attempts to
quantify C fluxes into subduction zones, CO02

have been
from volcanoes and seismically
and the balance of different
neither the

emissions
active areas,
carbon However,

extent of each reservoir nor the mechanisms

reservoirs.

that control how and when carbon becomes
mobile remained poorly constrained

This DCO-Thematic Institute gave voice to
the effort that many scientists including
myself have been making to date to explore
these processes and try to improve the common
understanding of the
(Vincenzo Stagno)

Deep Carbon Cycle.
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FAETIRA LR T HMENH Y £7, (Tl b,
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Y RERDMNETT, DO, EELEEES A
YEVRT UVELEZZSEOETWEEEE L,
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«» Institute of Mineralogy, Potsdam University
Research assistant Dirk Spengler

As a mantle petrologist — used to work on

natural samples in handspecimen size and

larger — 1 had a two years postdoctoral
experience at GRC, which enabled me to enter
a new discipline: experimental petrology and
With
enthusiasm I learned how small experimental
samples can be and what potential multi-anvil
apparatuses have for the understanding of
Under the guidance of
Fujino—san 1
required tools and

including ATEM. New
insights and the experimental way of thinking
immensely broadened my horizon and scaled my
knowledge deeper. Four years ago I took my
current position as a research assistant in

mineral physics. curiosity and

planetary processes.
Nishihara—-san and became
with the

analytical instruments,

familiar

the mineralogy group at Potsdam University,
Germany. My responsibilities include to hold
classes in optical microscopy, in mineralogy,
to supervise students in the field, at
analytical facilities (SEM, EMPA) and during
their final theses. Together with them I
follow my interests on early Earth mantle
that have led to

processes, Archaean

late continent—
that
ultra—high pressure metamorphism since the

Phanerozoic. My additional activities include

cratonisation, and on

continent collision zones, involved

field work in Norway and collaborative work,
e.g. for isotope geochemistry in Vancouver.
During spring last year I visited the GRC for
several weeks to extend an existing
experimental dataset on the decomposition
This stay was

and I am

behaviour of majorite garnet.
very productive and promising
looking forward to a new collaboration in a

following project.
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% A possible new Al-bearing hydrous Mg-
silicate (23 A phase) in the Mantle

A possible new Al-bearing hydrous Mg—
silicate (23 & phase) in the mantle plays an
important role in modifying the chemical and
physical properties of the mantle’srocks and
minerals. Water is transferred, released and
recycled into the deep mantle through the
subduction processes, mainly in the form of
hydrous phases. Lots of researches
clarified the stability of hydrous phases in
the Mg0-SiO,—H.0 system, which is the most
important system for a pyrolitic mantle.
Based on the previous results, hydrous phases,
such as

have

antigorite or serpentine, dense
hydrous magnesium silicates (DHMS) phase A,
10 A phase, phase E, superhydrous phase B,
phase D, were suggested to be stable along
the cold subducting P-T paths. Thus, as the
predominant metamorphosed hydrous phase of
the peridotite composition, antigorite plays
an important role in transporting water into
the deep earth.

Although the chlorite is another important

hydrous phase, especially in the Al-bearing
zones, the decomposition
experiments show that chlorite totally
dehydrates at depth greater than 200 km. On
the other hand a very recently reported
hydrous Al-bearing pyroxene called phase HAPY
(Mgs. 1Alo,9 (OH) 5Al0.0Sit.10s) may show a possible
way for water to enter the deep mantle at
depth greater than 200 km.

Here we reported a new aluminum bearing
hydrous phase named 23 A phase after its
characteristic ¢ axis. 23 A phase was
synthesized at 10 GPa and 1000°C, while
coexisting with diaspore and pyrope in the
following system: phase A (Mg;Si.0s(0H)g) +
Al:0;3 + H:0. The chemical composition of this
new 23 A phase is MgiiAlsSi4016(OH) 12, and it
contains about 12.1 wt% water. Powder X-ray
diffraction and electron diffraction patterns
show that this new 23 & phase has a hexagonal
structure, with a=5.1972(2) A, ¢ = 22.991(4)
K, and V= 537.8(2) A% and the possible space
group is P6c2, P6zcm, or P6s/mcm. The
calculated density is 2.761 g/cm® accordingly,
which was determined by assuming that the
formula unit per cell (Z) is 1. This crystal
structure 1is quite wunique among mantle
minerals in having an extraordinarily long ¢
axis.

subduction

Several experiments revealed that its
stability region is very similar to that of
phase A. We further confirmed that this new
23 R phase was stable in the chlorite
composition at 10 GPa and 1000°C. The present
results indicate that this new 23 A hydrous
phase will form in an Al-bearing subducting
slab, and may largely promote
transportation with
component into the deep upper mantle or even
into the upper part of the transition zone.
(Nao Cai (D3))

the water

together aluminum

(SAED)

The selected-area—electron—-diffraction
patterns show a typical hexagonal symmetry (a)
and a condensed spots array perpendicular to the
plane of hexagonal symmetry (b)



% Phase relations in the system MgSiO;-Al.,03
to 51.8 GPa and 2000 K

Investigation of phase relations in the
system MgSiOs; - Al:03 can provide important
information to understand the chemical
composition, structure and mineralogy of the
Farth’s mantle. Phase relations in the system
MgSi03—Al,05 are restricted to pressure below
30 GPa due to the limitation of hardness of
tungsten carbide cube anvils in the multi-
anvil apparatus. Recent development of high
pressure techniques using sintered diamond
anvils in the multi-anvils apparatus allows
us to achieve 50 GPa and 2273 K, equivalent
to the pressure and temperature conditions of
the middle part of lower mantle. Applying
this high pressure technique, we conducted a
of high pressure experiments to
clarify phase relations in the system MgSiO;—
Al203 under the deep lower mantle conditions

Phase relations in the system MgSiOs; - Al,0s3
were determined to 51.8 GPa and 2000 K by in—
situ synchrotron X-ray diffraction
measurement using sintered diamond anvils in

series

a multi-anvil apparatus. A two phase region
of garnet and corundum existed between 15.0

to 27.0 GPa, and a wide phase assemblage of
aluminous bridgamanite and corundum
stabilized at pressures above 27 GPa

Bridgmanite becomes more aluminous with

increasing either pressure or temperature,
whereas the corundum will dissolve less and
more MgSiOs; content with increasing pressure
and increasing temperature, respectively.
Bridgmanite with pyrope composition is stable
at pressures higher than 45 GPa.

Different Al;03 content in bridgmanite such
as MgSi0O; and 95MgSi0s- 5A1,0;3 bridgmanite has
been used as pressure reference (23 and 25
GPa) at high temperatures. The more Al0;
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Phase relations in the MgSiO; - Al,0; system at
15.0 - 51.8 GPa and 2000 K

content (> 5 mol%) in bridgmanite determined
in this new phase diagram should be a good
pressure reference at pressure above 30 GPa.
The new constructed phase diagram in the
system MgSiOs Al.03 further suggest no
separate aluminous-rich phase exist in this
system up to middle part region of the lower
mantle. As the solubility of Al:03 in
bridgmanite is greater than Al.0; content in
pyrolite and basalt, bridgmanite is therefore
a major host phase for Al,03 in the lower
mantle. (Zhaodong Liu (D3))

202000002222020000922220202022200222022900202220002

v U —BBEN No.28, 29 »

v BERMEESAEFIEME

AAeiE (AARE TR JEM-2100F) 1%, Pk
AL AT 2 38 L C IS i SR 1% o [R1IY
HEOX Y T 7 H V¥ —2 g BT OO MEE
T, 20164 3 HIZH e X —~IAN - BRIESILE
Lto%ﬁﬂ%%ﬁﬁﬁ(wmziﬁﬂ%ﬁ@%
RSCHEROBIEIZHW O NS DX LT, HiAE
FEAPAEE (TEM) 1, SRS O BGIAE AR -OR 1 &
HZRGCEPT G A E L TEBETA20IEHINE
T, GRC XYW OIEHE L CE7o1ekeg (Rt
i JEM-2010) 1%, BAEE 78K (LaBs 7 4 7 AL 1)
AT TUEN, REBEITBER A 3 v hF—)
AT OBFVHREMZ TR, &HE, SLZEE
@%m@%ﬁéﬁbmﬁ EMARETY, E o,

B 18X A TR T OF MR m T2
%k%/27~Wﬁ~ﬁ~®%%%%@(%%%
TOEIE) THAOERELET, ETHSOL X
R EDHFRDIFN, T A—HF— AT — TR
HEX &kﬂif:/t1~&~ﬁ@ X v—3

ﬁﬁénfk@\n~%~@%WE%%&KmL
LTWET,
AIEE L, 2 BOEKE CCD Mgy (& 41

# Orius200D, Ultrascanl1000) #fHZ THY .
ENEIEE~F s, EfEIcBI BT —% %
BT 2DIFH LET, £/, STEM GEAZEIE



B> 5 54l

STEM-EDS [Z & B TTHET v
ISR BEREZHHE L TR, MR- E
TR LT (SEM D L H10) E#/T D2 LT,
NMAHZ Y b T A b ERTED LT @S fRREBI 2205 A
HELETZFIH L7~ HAADF 18 (Z (1% 5) =
F 7 A MRS MS) ARG T52 8D
FHETY ., S BT, %k EDS /o#T L) S
HZ Ko TH I AFr—NITBITDHEHE~ T
FIETHZ b TEET, REEIMEZ D EDS
Mties (HAE 78 JED-2300T) 1%, #iH#ETF D%
R EFREFH LW R TA XA T D) 2
v RU 7 Mg (SDD, frHimfE 60 mm®) T, 3
BHEIFT D & O ERE 2 IR, mFEE ol
ST ENTEET, BT A7 22iE, b
EBGNTZERE « EEOH DLV —F7 4 v v —#l
@ NORAN™ System 7 ZEA L., A7 VISR
BroK 7 7 7 2 — 3 - Bk, XARRIAH E7e &
LAWY Ip=—XZbrE L T0ET, Fio,
INTHRICAETDRE R 7 M7 4 — RNy 7 %
MFDRY 7 MHEBRELA T, BERT
IZBITARFHOTHE Y v B TR T A 5
MrosmlBE T, FERAICIE. M DL A IREE
SOffECIREE, ST 2 XD DICARAI K 728
T RLF—HES O (BELS) MHEROE AR YD
JEBR b RFT L TR £,
ABEERDOEANIZL T, 370 —F ) A )r—)1
(21T 2 BB ORI ARSCRE b A 15 O BEE - FFh
Feffiin—Bx L agfb &, STEM BERE & &) L 7= EDS
IIHTIZ L - T, ALZFEHT OES B B EE & # BRI A
DD ENHIFRFSNET, 5%, HLFEAZE - HA
FIRFECBNTHEEEEE LOREL TN
D EBWET, (KE 9L8)

$ TaTF7IE—LNINIEE

11

2015 4% 3 H1Z, FEI #HD T OEHRA 4 v —
2 (FIB) I T4E Scios 2SN « SxE SN E LT,
ZOEEIIT) LA LT UTRIZELDA A E—A
MTITINZ T, BFE—AIT X5 SEM il sihs
A TCWAT 2T LE— AV AT AL TW
T4, WEPRNESTOICEFERHY, TIh
5 52 EOMHEE TAAVHENIY T 5 TunE
T, B - A A UBRD 2 0B OTF 2T L E—
LY AT AOF| A%, FIB I TWrfE 2 SEM #:1z &
DY TINEALTHRAMETH S Z &, I THim
% SE {4 « BSE & - SIM & D 3 D72 D i £ —
RCHBRTXAZ &, v=E oL —¥% 2 FH)H
DR TEXLOTRBIY v 7 7 v FHICIEREIC
(IR MEEADLENTE D, Lo 728N
bFohET,
EEOWMEZ L FIZHA L Ed, BEFeRIEE
R (g y b —% A7), MEELIT
0.35-30 kV DO#IPH TZHEREET, 15 kVEFT 1.0
nm, EAED 1 kVHEFTH 1.6 nm OV REE
B0 ET, A A URITMEEED 0.5-30 kV O
PHCRZ T, 7r—7%E}il%£0.6 pA-65 nA O
PHC 15 ErfEINATRE T, MmHIIL, @
(External) ® 2 WREFREFHITMA T, 7 LW
232D L A& HA TR Y, B0
FHi& (Fem - AR - M) 12S U Clii 7 Bl 83 —
RAVBIRATRE T, 7Bt A FI A 7T A EESE
FIhn L Calklm R i O R A 15 5 72 OJRHE —
REHLTEY, Fy o "—IRKEED Ron—7 17
K, B TF A= M —F—DRERRAEITH
FEHATHE T, IEHE I HBURE R L 2 — D3 (&
INTHBY, 612 mmDORF 7 GEHR) B
(2 18 (A ATHE T, S B ICIEIZIE TEM 77U >
RADOKRLVE—H DN TWET, B2 T —21%
XYZ OKEREENZINZ ., [Bl#s - R b F 2 C
B~ RN TICKISATRE T, £, Frk2 %
BN THIZ kleindiek tH8o —HHalfiz A 7 — %
BT TE, Flo, WAL V=T U3
VAR LAET R Y v v a T L aRE R
DOURHESCRELY 7 F 7 o FRFOEEN AIEE T,
TEM &t 7 v 7 7 M /) ~=F=2 1L —F A
7 A (BasyLift) biREINTEY ., FROTRY v
va el AbE S Z L TREBIZRD T b
2 F X N—NTREY 7R T T RETEMZ Y v
R~DIEE DA HETT,
(LSRRI WV B R gs & L Cid, GRC BE
D FE-SEM BL O SEM ITEA SN TWDL HD &
FIZATDF T ATH—RK e f ARy LA
VAR = L X — R X BT (EDS : X-
Max50) % E I TE Y | RHEHIMRHFE FO%
HNCRREFREHEH LW R T4 (BE1THHE) %
A7 OvY ar Y7 Matds (SDD) T, gy
JOIERE] CIEME 72 EME - EEDITEITH) Z LM TX
F9, FHROT— X0 - i@t 7 b =T
(AZtec Energy) IZXVEHINTEY, A4
v — A CYHEIEE 2 /B L T a8 2175 2 7



ART VR a—tE L A GHbEDLZ LT, 3
WIEW R~ v B 7 B RRETY, Y r—7&
TR KRE A E L2 & CHEsko TEM FEEDIN T8
KV ERFECRRE L 220 | L—H—N% DAC [B]IF
KD JRELFH T oW Bl b A H 14T 2 5130, DAC
A OEGAR « FRHIN T 2 B¢=XINE DAC D72 D
~A a7 ENMNT (K) EWo RN
AIREIZ /R > TV ET (2 B=UINJE DAC (2 2\ T
Sakai et al. 2015 RSI #Z&H4),

PERITHEARTHEZ A E D B2 o o AR E 1
2L EALKEABBHL CVET, H

LR X 5% OF =70 A = AD R
PSR LW E BNES, ()

Single crystal
Diamond
Micro-anvil

/ Silicon rod
|

~ ———__ Rhenium

sample

Platinum
deposition

2EXMEDAC A4 OF7VEI

15 pm

HEFA - XEAKHS (PRIUS)

7
0.0

PRIUS FIFAEDFE

WEBRRZ XU O LT84 e BRBIL DR
WREZHEMET DL, RNFTD, FOBLGICE - T
TER S VTR DB IS A IR T, FFIT, ~
A I~} A — )L OFRIZ ISR OB
BB, WE O A e RrECIERE 2 B 5 2
ENTEET UMD R~OT77Fa—F) , 20O
FRIZBWT, FEFICEWIIFRED & & Tk 28l
295 2 & DK D E S A AR - BAPSEE
B E PSR X, O ERNE L [ERRICHIER
BB THORE R NEREL TWET, FAD
TR T —~iL, HEROD XA F I 7 A& 54 -
OB EZ B CTHOMNZTHE WD LD

T, WA CTERR LI AaAaREOI Y ~~A 7 a~
T R — )V OB RRBLZZ S &2 v T
F9, A O PRIUS FLFEFIHTIX, AaHHO
WatEmEERER OMFFE L LT “BEIL &, 2L C¥
PEASTEREIORFZE & LT “BEhiE” Zxt% b+ %
2 ODT—<EFHIR L TV TWnET, KiE
JerE. HEREA. HEEEAEOYR— Db L E
R L7238 (Fh & D-DIA SE@) ZEH &%
TWIEE 2D 5 FETT,

F7-. GRC TOWEF X, ZE, MFEEMZ L D
FHREEZ T D EERRM L 2o TV ET,
SHBEBEIZTIALLBEVLET, (REX
FRFGEHEE R R R o R 7 AR i
B LHEIE)

WP 735 41 ML= (ELSI-ES)

R
0‘0

TE= > ML OS54 MMEFD

ELSI-ES D +REAZER O, F—RHEGHEIC
FoD < EEFHREIZ K 0 KR & 7o bR D TR
Ex RS, MR EE SR OREENET L &
g L7265, A a7 4 NI RS 9 £ < H
BT VAT 5 im0 £ Lz (Wang,
Tsuchiya, Hase; Nature Geoscience, 2015), =
DOFEFRIT HERDEJEME D CT 2 KT A Mtk
NTERIZZ LWV, HDHWVIFERIIEO EER T
FELTHFELTWDZ EEREBLET, ZOR
BUCIRAEZ DT H72012iE, T~ MAGEIRT
DA 1T A OFRHEOE FE GRS I E P D EE
I ERE ERCHHET ORLERH D | TR
RIN—TTIEZINOOMEICE Y A TWET,

0,
0‘0

¥—< 2 FMLOBEEREHEEL

12

TR EA TR 2 ERANE E U A AT
e B & RHEMF I OEE &5 KARHEF T 0
TR ST D BRAR S 4L, ARFEFE D & 5 4[] ELST B
ZEF %G 50 LW HEIC LD~ bv
O ANEM & (L OfiFIN % BT 09808 A & —
NLUE L7 AFEIET ELST O BEEREDO—>THh
HHIEROER & LIRS BEE L TR Y, #hin
DA BT MERGEA R F~D T XA L7 N
BfELTWET, 8 A 7 H~8 BIZIIAMHEKD X
I F TR UL, £7-11 A4 A~T7 BIZIX
ELST L HfEL-EEEY VAR T ANRBESIND
FETT,

TRERT . SFITENTIHZEO ELEE (?)

(F9Eerk A ) % 2 BT s8Endby L
(T.T & Y.M.)

2020202020203000202020202020200003003020202020202



13



