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Evaluation of fundamental performance of a modified Griggs type
apparatus installed at Hiroshima University
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Jun-ichi Ando*, Toru Takeshita®*, Kazunari Matsubara* and Yasutaka Hayasaka*

Abstract : Deformation experiments using triaxial solid-medium deformation rigs
such as a Griggs-type apparatus have been important in order to quantitatively
understand plastic behavior of the Earth’s constituent minerals and rocks. A modified
Griggs-type apparatus has been recently built at the Hiroshima University. In this
paper, we briefly describe configuration of this deformation apparatus and evaluate its
fundamental performance, using NaCl and glass sample cells, which have been devel-
oped by ourselves. We conclude that this deformation apparatus using the NaCl cell
has a good potential to produce precise mechanical data under the following circum-
stances. The upper limit of confining pressure in the NaCl cell at room temperature is
inferred to be ca. 3GPa, which is slightly higher than that in glass cell. We calibrated
confining pressure of both cells at high temperature as a function of applied load up to
750 kN. The results show that confining pressure in the glass cell reaches almost 100%
of the ideal pressure calculated as (load)/(basal area of the piston), whereas that in the
NaCl cell decreases with increasing applied load and reduced to 72% of the ideal
pressure at 750kN. Hydrostatic condition can be generated in the NaCl cell at
temperatures as low as 500°C. However, the NaCl cell becomes unstable over 800°C. A
sample in the glass cell is non-hydrostatically stressed at low temperature, but stress
state becomes hydrostatic over 700°C due to softening of the glass. The glass cell is
very stable up to 1300°C. Therefore, the NaCl and glass cells can be useful for
deformation experiments at temperature lower than 800°C and higher than 700°C,
respectively. Temperature gradient along the graphite heater is large, and is expressed
as Tg=0.09XT, where Tg and T represent temperature gradient (°C/mm) and temper-
ature at the center of heater (°C), respectively. In order to minimize the temperature
gradient of sample, new devices such as metallic capsule and/or step heater must be
installed in the present sample cell. Using the NaCl cell, we conducted a constant
displacement rate test of serpentinite at P=0.9 GPa, T=600°C, and at a preset displace-
ment rate of inner-piston of 600um/hr. The experimental stress-time curve is good
enough for a dynamic base line, hit point and steady state creep to be well-defined.
Based on the results, it can be inferred that the flow strength of the sample is ca. 570
MPa at the strain rate of 3.1 X10 %/s.
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REM 2 EARER 3 i EAERE T H 5 Griggs
T FERSEE 1L, SR EHETE & & 2 BI85 E
W) (BE) SREEASICRESE2ENAEET
b5, —fEic, EBIv ) vy — ENEE) PEZ
N v OMEIRE ORIET 2 GPa LI RO E I THibh
TWa, ZoREFENFEMMCBEL TR, BETE,
DIA RS E A E A R L 2 2T R E &
KA GHT 35T, 100GPafREOEEFEFTH~
v M VEEREEY DAL FEEE D AIE L 15 o T b (Nis-
hiyama et al, 2005). L2>L, HEINICERZED K
LTITABHED, JORESUEEEZEKTEZIH, %
to, BEMARZZCHN B LR EAZET S &, FEiR
FEK 3 ARk 13 51k & b, HIFRP < v b LA
% B0 EAD LA O Y — DL THRIEARR IS
EEEETHORIT S5 THAHH (FlAlE, Jung et al
(2004)).

EIAER 3 A TEHAEBEO RS E LT, kO E
Z N v & EA AR I S A3 B BEEIR LIS & -
T, alRhoRET 2RI MEZRHEICHE T E M VWE
KIEf STV a, Thid, IGTRIEDBICHWS
o—FeLZEv) vy —ONBICEBEEI 22200
BICEUAMETH B,  OREA RS B A1, =)
Elo[al vy o AR FEERREEZEE T T iz b k1L,
HBWIE, REET B NaClBEDTIVH Y NSA K%
i3 25T, LiLoBEEKIEE< L, ZE/ED
MERBELZ LT r2EAMBENT FlZE, Green
and Borch (1989) ; Borch and Green (1989) ; Gle-
ason and Tullis (1993)). #iADEE, k& T
IR O BEEIEDT IR IRV o T, ZINMEDRIER
s omEbds. UL, e vaediciiaE
AT 2H IR VO T, RAE L TEIBAIE
I RRETR 5. —75, Jung and Karato (2001) &
Karato and Jung (2003) &, @#klzoboTh b4
) E v ORNIERE D OIS E RS 2T, ZEILT]
HEOE R EE2RATHWE, ) i, WL
e 2 e & 22 & ORGSR < #EN
ShTLaRENBHIEZIG T 2 (FIZIF,
Kohlstedt et al. (1976)). C®OHERHMRLIZE L
T, BEIROMEA R TX 2M—DHEEEZ S
NBH, ShERE O NG BT OFERE O R
M, £, ERhoEIEIMEOEEZRE TSV E
Wo A SEATVS, ZORICERTE 3 T
AR AT 2801, RN REd 2 ZIR I EE
FEEICRBES 2FRIEE TR,

—75, #E & R AR BRI 2 A L Is v A R
JESEE 3, WE, HTEEE E coE/) (500 MPa,
S 15km YY) 2FESHZHELLTERL. (-
<, R 3 BB # I e — Fe itk BI57)

MEICRIEEBET 2 b00, HFEPL~ v ML TOREK
PR EAD LA v Y =TT BV TEARIR 72 5EER
HETH 5.

AFmTIE, 2000 4 3 HITRFEFFE B BT (A)
GRAEEZ - A i S CHIE () ol
WREOMEIH, EREE M0 ko, LERY
R BT RP IR o X 7 AFHRTBEA SN
FeEARES 3 ST A B (A R T 3D &,
B L 2calble it LT, AL, BEAR, E
EHEHER O 3 IHH OFEHN 2 BT - 7o EEROFER
EEEDB,

ZEGE

AEERBEE DAL, Griggs WAL ERKEE TH
%. Griggs RIZTZHEREE ORAMNKIE, B2 vy
) vy —RIE RS ISR E R b v A AIA A,
E— 5 — LEHKOWE (F7) 1Tk - THUNEETH
e b 2R RN E AL, 2%
FESHELIHICH D, AFEBREE LI OBKESE L
LoD, WS ODhDOEHEAIMA TSN LT
LEOMEAF D 5.

AEER, )X by v ) vy —RISERAELR, (2)
WUNERLHIE > 2 7 2, () INBGHIFE >~ 2 7 40> 5 HEAK,
INTVWA, EXb vy vy —RIEEREEEmE, F
BRIk > THRA 400 kgf/cm? £ TOMTE 7 L
AERAED Y vy FHICFAESE 3HELHKS. 0K
KIE K 200 b v ORFEICHY L, v ) v ¥ —HNE
1 23.0mm T 5DT, HHEKICIIRA 4.7GPa D5
JENI D FeH4 2 Hicis 5. AKEETIR, (1) OlE
VewFEQoEEEETNTNLYY v —-D
Tichitd 25T, 4 ) YF 15 Griggs BT
B ORI 2 EHE 7 & 2 (H LWy v 7 iskiic
L >TW3, Fig 1 IcEE2KROBEAK%ZRT.

FRE L ek AN RS WEBRAE LSS T
b, V) VSR LITVAI, KREED V) v
I 3FEFESNE A0S B, AEEOV) vy =13
B HER TR, ZomEBics\WTH» 544
CORMBHRAICKRELL B EEEZG LTV (Fig. 1
o). A TOMRIZ836mm TH5. T DIFEEIFH
MiHEEO v ) vy —ictkRT, v vy —RNEEC
FET BINNENS T rHEMNTE S, K, HEE
oy o (Fig. 1c ® BE) B8V Tid, B HE
Eov) vy =tk _TREIRTE 70% VIE & ED
XHELHEMNTEX S, Griggs WL EREETIE, ~
v & =% b oM T 2 HTIHERA A L Tun
2bD0bd 50, AEBREETEIIOVY) vI—-0DF
RBICk - T, V) v =0T 2iT5 FR MmE
[RAZ L THD, ZofER, T & O
L -TWVA,
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Fig.1  Schematic diagram of a modified Griggs type deformation apparatus installed at Hiroshima University (Courtesy of
Sumitomo Heavy Industries, Ltd). (a) and (b) show the front and side views of the apparatus. The frame of the apparatus is
not drawn in (b) which is looked from the left side of (a). (c) shows a close up view of piston-cylinder-inner piston assembly.
A and B in (b) and (c) represent a couple of wedge plates in an inner piston driving equipment and positions of cylinder,
respectively. See text for detailed explanations.
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ALEE & Griggs WAL EEBREBOME TR bR
CEBBE7E, 2 OWNENHIE > 2 7 L TH 5.
o OERE, (VAR P VEKEKETH 5
(Fig. 1 ® A#P). CoFEEIL, FEFITEOARE G
4°) Ao 2oL &U (v vy V) ZERE
AHo. FozyYid—FRE——I1ckAKEHMA
A SH 2HT, —EKEAEICEESNTVS L
U Iy VAEBEEAMICENSE S, COEEEMICEK
D, Fovzy Y ECRBEINTOSEER by A~
LERE s, ARl s EEZS X 5. COHK
OEAICED, B2 vOBELERD T— TS 5 &
FIEFIC, A Y YF V1 Griggs BIEEBREFEO ¥ 7
XE)RICHRTHOHIENE SN TVWS, EX D
ERLlEH—RE—F — 1ok > CEE SN, Hid 1 um
MOEEE 1 em (100" mm/sec~10"° mm/sec D A —
¥=) Tav¥ta—4—HlllT 2HENAETH 5.
Griggs A ERHEE 3, SfKELRESE L E
Zhyy) vy —REBEE L B30 E — 5 —EXEOfhT
FAEREEHAGDELbOTH S, TITR, S
KE EE) Z2RRESEIEX Y B ER V)
&, b L CiiEAIA 2 EX by (REEZ b
V) &, whER “Ervent (V) v —NoFES
iixz, EFo7yervTcHEHUADONE) & A v
F—EZX Y LIEATKRIT 3,

41V F—ER L VOEMOPTEIZE L —F—+k v
H—Z2H0THBY (Fig. 1b), Z DZEASMERER 0.03
um Th 5, WUNERMEIE Y 27 4D 5 bkild 3
o= FerED b EEHKT 28y (1 vF—EX
FYEXFEFE YR, A VF—ER N VYRUETVE
W), KREaERAR O SlEESe (¥ v 7
ZFVH =LA F) ETNIF (ALOy) TIER SN T
WBDT, 4 v+ —ERbYOEMEREOLERE A
WIENTE 5.

4 vF—ER b YOEMMITE > THET Zh0E
i3, m—FeMick->CllIES % (Figs.la,b). TD
RMEMIZT v E2—F—ICEEIN, VTNVIALT
E=y—Tx5. AEETIE, 1 vF—EXbrYOE
FHE (—FE— 5 OhE) 2 —EICRFESE,
ZOEOMEOELE T =y — 3 2 ELHERAER &,
O—FEILTE=Y—SNAEIREE—EIHEOHIC
4 vF—ER b vOLAEEEGIET 227 1) — 7R
ZITOHIAJRET D 5.

NNENEIE & R 7 41, EERIEE & BIREE DB -
BE - LA e vOlREEE=Y —F 53 v
Ea—s—TCHilshtuws, Rlomauz, Rkt
WITHHAAAEAGEE 5774 8 IR, 575
1 Fbe—=%—) OWPIFEAEFAT 5. BFREEIC
oT, TOVI 774 b= —ITiHNBEREH
L, HOOBEEAER T 5. ABFERE T, 5ok 500
A ODHEFEM O FERERETE 5. ERICIERSE

RAEFER LTV,
SV

EEBIHER L Tv 23k V% Fig. 2 1TR7.
IR T, REM Y 1 X, EEF 7.0mm,
ESH70mm Tha. 75774 kb —%—0DEH
id, B ORBRELGD L, £, 75774
b E— Y —NOREARZ/NES 35 B TRER
DRy a=7TolNFEEEIE TV S, HEE Y
VA= 7 OEHIC X O INBWCE S 2B EFRAERE L
DORRIZ E S ZEA LT ), FEEAE Fig. 31T/Rd. Wi
EHET 5 &, SR 313 ERBEIRDOENKE L
0, 1,000 W B T34 100C b DEWA Y ILa =7
DEMEICE > THEL 3.

FENEERICEU To4>oM 2R LT3
(Fig.2). 1) 4 a7 154+ (ALL,Si,O5 (OH),),
2) #%7 (MgsSiyO1 (OH),), 3) NaCl, 4) #'5 %
(IW AKITE-32GLASS) Th 5. /XM a7 154 MNES
iR, b7 venick 2ED 7 v U NaCl O
FE R IR T 2% HE9 5. LaL, it
oA a7 4 54 FEIEROE G, oI
ARZEE L TV BEFICHRIN) 2 MA, BEFD
Ulrzg| &k 4. Inzpi<Aal, 27 v L REI
X o TEEWNAFELTWS, Hic, MEfIcEE
13 90° IRl L TV 25T TN ) 22 T Uil s o
TV, Tos, e VORGSO TV FEE I
DIAATHBRL TW5, T/, SRRz Tcs s
12T EKE IS WIREEIC T 2 HI T, B oEY i
NaCl [F /A ZRE S # 72, g, NaCl ofkbvic
HoREHWIZEVBEIF L. LIT T, NaCl K&
O 220l v, £ Eh NaCl v &
HSRAENELHET S, M0 7 454 bIEEERIRAE
2758 % EBKSREOR A U, KEPEHET 5. ok
73 NaCl FE/JH A DRl 2 N, eSS % #
L3, #-T, 187454 bIE900CTIH
RINBVLERZ U 72 L Tv 5,

75774 bbb =5 —%RASELHOHHKIE, v
) vy = oHEEYVa=TO LD v 7 AERET
75754 bbe=F—=~, T LT R VT (B
ZFe ) v ) NEFEN S, REOFHNZ, FHERRDIC
Ry MYy v Vg v EFED PLPt1I0%Rh BVEEX &
HuwciTs., B&ExdiE, slklervNe L7 v el
TRrENTN, TIVIF2REET EBETF -7
EHOVCRESN TS,

AEl 2B s allimE L, T v EVAICH
ABIAENTBEELO A v F —EX b VITE->TIAS
n3. Ak VNTIE, <4782 b ICX BT
B, 7TAIF, B, BEHOER N VITELS
N AL 2, TOTIVIF ER b VIFZERER
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Fig. 2 Cross section of a cell assembly designed for de-
formation experiment.
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Fig.3 Relationships between electric power and tem-
perature generated at center of the graphite heaters with
and without a zirconia sleeve at applied load of 500 kN.
The size of graphite heaters in both cells are the same ; ¢
=9.5—9.0 and 18 mm in thickness and length, respectively.

05% OEE SR TH 5. ko EHICRE L <
WB TN FER M ERERIC NaCl 80 i 5 R
EESELHT, MEEBICBWT, SfhickaEn
BHATEE S S WERIC L TV 5,

Vi boiERkE ez, vV vy —icky b3 ARHCH
HALTH. TDk, k2 VvOANEZER 10 um [EDOE

IRERFBRES R Griggs TS EEREE O HAMERERHI

ETEWL, B, V) vy —oNBIC ke ) 75
VEEGET AMEBN— R N EEHT A, ThickD,
ke v e v ) vy —NEEE DEEEIRIIE /DL THIK
T&H, E7venc X B3RENERICER VI
< BRIcd 5.

PITNiT, REEEEGRREE ORI E, Lo
Ak e v ORI 2 HHNCIT - 7o EROFER %2, FAEE
71, mEAR, EREEHABROIETE L 5.

EERHER & IHAEETM

1. FEEEHOFFME

EX by vy RS RS IEE L O R T
FEBOERAE DS, EXMryv) vy —RISFE
FAEREE L, TVAREKD Y v o FOMTEETEL
FICE->THIEIL, E7rveELEy ) vy =PI L
ACHTRENCTE 2 INA 22>, [TE /AL
HAFEEOHICRAOESGICE, E7rerd v
vy —NEEE ORNICIIEEESFAEE T, £, T/
REBPITHLZ2DOT, ME,LOROONLMELF
(N), 2 b vOIE[ES (m?) &9 5 &, abkhcssE
TBESP (Pa) 13

P=F/S (1)
THETZHENHRS. L L, EUREI A ZdH

LEBEIcid, E7venk vy vy —NBEE OEEE
BLOBEREIEALE v ) v 5 —NEEE OEEED, [
IREIAR DK & 75 FEfEssE o R £ 0 X (1) 136k
LV, - T, farEE & FEAET 0BG A BIE AR
ELTROTBLMEND B, AETIE, FiREMEE
EHRSAMETIT > W ERIEEROFER A T LD 5.
1.1 EBERETOENRIE

R VAHOFEMIEICEZ <2 (BD) NaEEy
ML, Biz#@EaESEIKAEEKL, EX by v
5 —BlE R A G E D A © Bl O BSIEIL A HIE L
7. FIEITHB VT BI 1d 255 GPa & 2.77 GPa D £ /)
T, TOMEAZ 1I-IBLUOI-MINEE(LEE 3. C
D F1HREHEEE R Bl OBSIEDUE I3 7 12 N
DROEEINT 5. CoBESKIEIEOERLERET 5 F
THIRIEA{T - 12.

Fig. 4 ICfTE T % Bi O BKIEIUEOZ/LD 1
BlARd. Fig.da TRENTVWARMEICET 5E
SURPUEE, 153005 34y DREIC b #PHIRE Tl E
L5l Td 5. fiED 1,I135KN £ T, ffE
AN S B 72 BT Bi O BSIRIUEDS D 9 T BN
THHEAXML T, HHEIHEF ML Vs, —
i, MHERBH 2A T bR L < OEEET
i, A A %57 ¢ 7 ZOREIC & » BESIEFEO
B LBIEE ICh T TH 5. > T, TWEEZBEN
S B 7o BRfEIC Bi 0 EBRUEPUE BN 2581,
K EICE I 5 BXIETUEDFEED & T3 8
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BoFRELZFELCHMTEXIRV, 22T, BWEICE
\J 2 BRURPUE OB Z LR A2k (Fig. 4b), X
HRPUIE O HE s A KN LA EE 24048 L /2. Fig. 4
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Fig. 4 Change of (a) normalized electric resistance (R/
Ro) and (b) average rate of change of electric resistance of
Bi with increasing applied load at room temperature. R,
is electric resistance at room pressure. Pressure induced
phase transformations of Bi occur at 1.55GPa and 1.77
GPa, where its electric resistance decreases and increases,
respectively.
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Fig. 5 Pressure calibration curves at room temperature
for NaCl and glass cells. Solid line represents ideal pres-
sure calculated as (load)/(basal area of the upper anvil).

b T, T OMIT L TRO BB MELZ /R LT
5.

NaCl €V &EH S5 2L ickt LT, ZhFENTEHE
EEEAIT- 7. Ko LT 3aeE 2 m0ERE
TV, 255GPa & 2.77GPa ICXHi g AT 2 PE L
Z DN AERD 2. Fig. 5 3T OREIC L TRDIE
TRIERRRTH 5. TOXITIE, (1) THRD - FFEAY
BHENEMEOMGEZRTRIEERE K/ RI N TY
5. TOfEEN S, NaCl £V Cld, fifE 1,083+£26 kN
T 2.55GPa, 1286 34 kN T 2.77 GPa O[T /1035844
BENS T, —F, H5AELLDEAIL, NaCl &
NED HREHE (1,220010kN) I2& - T, - &
2.55GPa O FAEST 5. F£72, 1,300kN OfRfEZ
A Tod, BioO-MHEER =il 2 FHRED
Mo te. TOHEIL, NaClITHRTH 5 X O HEssf hs
KR&EL, 75 ZRDOENNEAPREL RO FEIET] (o) %
XATLFL, ZTHICERT 5 HEDEIRSTH % H
E (Pc=0,=03) WEINTFAEL TOIROEEER: %2R
L TWa,

Fig. 6 13, ffEOZE({LICHES E7 v ELVE TR T v E
LB ORREEOZAL (E7 v ELB YY) v & —HIZAS
BOET, L7 v voBEEE) =77 — Y THIE
L7l DIFTIE “Zbo—2 & LEB43)
2FHLTVWA, NaCle W EHFSXEILDZX ho—7
DAL Z T 5 &, GWEHSH 250 kN £ Tl3IEIEME
CBOZ bLZRTH, NP EoMEICEEE, #T
Z2RND RO EPICKEBENEERT. L ZE|
XL, BV FEIICEHESETWS Fe ) v 7O
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Fig. 6 Displacement of the upper anvil with increasing
applied load. The displacement was measured using a
stroke gauge, which has a high resolution of measure-
ment around 0.5xm.
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BT 5 &, NaCl & 45 RICHET BT X
NEEEPE-TVWE, COFEER, 7720450k
DELHLATNEMEO#EE S -TWE,. T,
EHIBRE DO LD KX A5 2h, EH»SDMEIR
X o>Tl Fe ) v /2B SELFEERL TV S,
CDFe ) v IBEETIHICL-T, I ZXEILD
Zbo =7 DENDHPREL B >TVWBEEEZ LN
5. COFERIZ, # 5 R vIVOEEICEE Pc WERNIC
FHELTOVBWELS FEOZEZ 2T RTL50TH
5. COHEE, KEO ‘SRS TOREIEIE" TH
W75 %,

NaCl & Vi3, FFEDLH 1,000kN 282 2 &2
FESIOFANFNEL 150, FEEFEINC ERSEL 5
Fkcd b (Fig. 5). TOHRAKFAERETIEZ, #3.0GPa
LHFEGAFENTXE, COFENKIE, fEICK - T
IREEIEA DR S e % 5 Big, FEURE AR
DZEFE DL EINTRLIC X > THERERENS KX IS
D, MEAZTEIEANEZ TLE ORISR T 24
EEZOoND. TDHEEF, HoRvMITELTHS
EFEZONS.

NaCl £V & #5 22V TR E S FEFESNTEDZE
HONDER, H5ADHHHEDORE I 2RML T
WiEFEZONS. L, OKRESLSFEETINITE
BABZ TOWAENEARZ, R vhTtiRdZ< D
Wz Tws s EEI NS, £, Yz
= 7WiEWS (EfFmm : 780kg/cm?) (3, E A
TINS BERTESRAE 5D B X0, FEFICTHE
WENPKEVDT, ToEELEHTETVWEEbN
5. 5%, KFOREBENERESELZHBITE, SV
7 & ona=T7MEBM O AR S L, Green and
Borch (1989), Borch and Green (1989), Gleason
and Tullis (1993) OtV EEREIC NaCl D 5o
BEGEMPTUENS B, LinL, Yia =7
MO A XOEEIZRBENROELLEGRT 2D T,
P A XOEBEFFEVPNLETH 5.

1.2 SEREZEHTOENRIE

EimsR Tl 2 VAR R A PVE S K D REIY
IT18 540, FERSME RS > EIDRET 5.
-, &l F TOENRIERZRD TH L H1E
BEMTITHOEIEERICILEL 5. AFiTE, #r
& 500kN & 750kN TfT7- 72 NaCl ® v & 45 X+ L
DERIEEEICBEIL T &0 5.

i N ORISR L, AETEEREE DR
ZRH L TIT- 7o, AEEEREETIE, 1 vF—F
2R VICMbAFHEES v F—ER VD RNHICE Y
FEXNTVWARE— FeVick - TlIET % (Figs. 1,
7. a—Fe/VTHESN2EEI, (vF—EX
b ICHE L AR 0f EEE PolckER 9 5 LA & D
g1 CikE 5 (Fig. 7). FEBROZLEBRERE T,

IRERFBRES R Griggs TS EEREE O HAMERERHI

Upper anvil
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N

Cylinder

4
NIicro-pisti/
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Lower anvil

17T
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Fig. 7 Schematic diagram showing position of a load
cell and stress state in sample cell.

9, fmrE (LIF, “bifE EEXBEIZ) 2E7 e
nmiThizZ v ) v =N LIAGE TR = B o T
JNCET 2 GEBBREOA, EREERER O
AR, COMEBEREICBVT, - eV THIES
NAEATE G EMEICE L CREHREcENT 3
(Fig. 8). KIT, _LAfE%Z—EICfRE L IoIREE TS,
5 &, [ERESIEARPBEEETE LEKEIREE (0=
0:=03) 1D, FHIT, SIS/ 2% T PolcieRT
ZEENLIETTZ0T, o— Fe L cHIESN i
JENEE D oio<K. TOHEEFBLT, il N Tl
ESIN 5o — K LOilifafE, o AT A L
TVWBRHENERES - 7o, ERICHERALTWSE 1 v
F—E R+ YORHOEZEE 7.0mm TH 5.
iRt coOEIRIEFER T, B v B
%4y M9, Fig 2 lRanT0aaEE o FHE
TAVvF—EXbvERMELLbDEEHLL. &5
Z b & NaCl £ i 9 % L fafdE 500 kN & 750 kN
DFER A Fig. 9 & Fig. 101389, IR ELVEHV
1354, RIETH 1,300°C &R TLEICERET
HSHENMARETDH 5. —F, NaCl VDA, 800°C LU
L OBRELEETE, BENHRHEL L P30z &k
IWISRZGESIRREIC IS 2HAZ V. Thid, NaClo
WS &, RETHNBHC, WEDT S 7 74 b
E—% —TRPLEHDESD DIRE NP PRE 0L
2, 797 74~k —%—RE® NaCl /A E
M PRRBIC B 2FICERLTVWA EEZ LN S,
ZOHEIT, T A MR L TIF 1,300C £ T, NaCl
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LIzt LTid 700°C & 800°C £ TDa — K ILDfAf
HOZLZRE L7z, AIEDBEE, ke vicHW
O _FRTEEINA fOREETHP QIR ITEL, v —F
LIV DR ENIZIE—EITS B £ TE DUE % (R
L, £0%, ROHWOREIC LFIE2HEFOR
L7z,

H5 2 EIVDOEE, 500kN & 750kN Ol [ &
1T, 500°C 7 5 700°C ITNEN L 7o BRICHl IS ) 3K &
L9 2 (Fig. 9). TOFHEIL, MEETOEME T,
2470 ER N VvOBELIAET S0 5 ADREEHE
HESRFE D BT, PolTHRT o 23078 D KX IRAEIC
HotFrRLTWE, F, TOHTIRADELERT
DAL 1 821°C (IWAKITE32GLASS OEdfhrEkHC
X3) ThBH, TOEFEETIE, 500°CH 5 700°C
D] DR E TR HE A2 /D S ¥ T o=Pc DIRAE
WD WHERS S, T00°C LLEDRETIE, &0
FKHIREEICIE D < AR T) b 30 gD & el
508, INSDOEISTI SROICFEFTZIZEAE
G UEERT. /E-T, 700°C CHITHE S —EHICE
L7cB oz T & EFKT 2 HIc L7,

NaCl & v O ] D2l % Fig. 10 127x9". NaCl
IV OFFHIZ, BEE LRSS LS8 b I
L, ok, mAeicEb L—EDEIcRT 55
Thsb. CORRRENILIOZLE, NaCl AR
BfpRIC X 2RERIOWIEE, Tk, ke v
DRI ARIRSS I &b 2 FE A DT IC X - T

50

NaCl cell

o Room T.| 400 °C
E 30 [
N’ |
= |
= [
2 20 :
= 70 kN| £
” *j |
< 10 Y '
S :
. I
. ! . .
0
0 200 400 600

Applied load (kN)

Fig. 8 Relationship between applied load by hydraulic
pumping to the upper anvil and axial load measured by
load cell. Axial load increases with increasing applied
load, which is divided into three regions of the linear
relationship with different slopes : 0-70 kN, 70-200 kN and
200-750 kN of the applied load. This could be caused by
yielding of NaCl at 70kN at room temperature and sof-
tening of NaCl at 200 kN at 400°C, respectively.

HOKARBEIC X 0T 5 < BIHIGHDMR L TV 25
THUTXS. H5ZLLVORECEED FREE BT
IS I8 LW i, NaCl g 500°C 5T 4
TIBIRLTH D, FKFICITWVIREEISEL TW B2

~

& 1 (a) Glass, 500 kN
% . Ideal pressure

=

=1.0 9

2 700°C T900°C 1100 °C 1300 ©
=

”~0.8

100 150 200
Time (min)

9]
<

3

(b) Glass, 750 kN

Ideal pressure

700 °C

900 C! 1100 °C 1300 °C

Pressure (GPa
(=]

=
nd
S

100 150 200 250 300
Time (min)

Fig. 9 Changes of apparent pressure calculated from

axial load in the glass cell with increasing temperature at

the applied load of (a) 500 kN and (b) 750KkN. Solid line
represents the ideal pressure.

=
=

~
£ (a) NaCl, 500 kN 700 C
Qo 600 C  gre——
£ 0.9
2
»
E Ideal pressure: ca. 1.2 GPa
08 L2 .
30 50 70 90 110 130
Time (min)
= 1.3
£ (b) NaCl, 750 kN
g Ideal pressure: ca. 1.8 GPa
@
=
a 500 °C 600 C 700 °C 800 °C
@
e Ml
A 12 Le

30 50 70 90 110 130 150

Time (min)
Fig. 10 Changes of apparent pressure calculated from
axial load in the NaCl cell with increasing temperature at

the applied load of (a) 500 kN and (b) 750 kN. The ideal
pressure is indicated in each diagram.
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LEZOND. REEICB T AL ONRER, b
TEAY 500 kN TlEHTAICEML, 750kN TIIEIE
—ETHB. FFEMNS00kN ORICRE S RS+
3 R IAENd 2 D13, NaCl DEEIRIC L - T
HEUBENNCOBOFRERTTLD b REVALE
FAZoND, H5AENERERRC, SEEITET )
IETIDILHED 5 3RD I FEHEFE T 1F & A ETal UfEi%
R DT, 700°CITH T 28I DU R E %2 R4
EEFR LI

Fitoktic LTRw 7 H 5 2 & NaCl £ IvicE
T 5 SRS T ORERE T OFERA Fig. 111T/RT.
ZoOXiTid, Fig. 9 & Fig. 10 1278 L TV A2 EEREE R
DO, Ze & FREICH L TENEN Fig. 9 &
Fig. 10 &[d— %% 1 [mliTV, T O EE F &
WTW5A, FfE 500 kN & 750 kN (2% L T NaCl +
WEH I 2ENVTR, TNEN09E00GPa & 1.3+
0.0 GPa, 1.2+0.2GPa & 1.84+0.0 GPa O EAFA T
LEB Mot INSDEIE, K1) TRD SN
FHERY IS E I LT, NaCl # v Tld 712%-15%, 7
5 ZENTIRIFIE100% DEE > TV 5,
Eimaelt T OREET)DFERD S LIS DFENG 0 -
7z. NaCl £ V13 500°C &\ 5 HREHERIR S & 23
BlEHKTIRREIC R 2 FHpsaJETh 5. Lo L,
800°C Z iz 5 Lk WIREENALIEICIL D, KR
RIOELEBRNNE & 75 5. NaCl DE/J#) 1 GPa i
BT BE0S1EH7 1,000°C (Akella et al., 1969) 75D T,
NaCl & VI3RS D 80% FEfE DIRES: £ TDFEERIC
BLTWAE, —F, #5RAwVE, KEEETIEER
BIEHKTIREBIC BN B0, &5 20k %
700°C LI L ORE TIRZETHEKEIRELE 20, 1,300°C

3.0
s Bl Glass cell
Py ® NaClcell
£ 20F
S )
> | .-
£
A Ideal pressure -7
o 1.0
& ol
0 ,I 1 L 1 1 1 1 L L
0 500 1000
Applied load (kN)

Fig. 11  Pressure calibration curves at high temperature
for the NaCl and glass cells. Solid line represents the
ideal pressure.

IRERFERES R Griggs TS EEREE O HAMERERHI

LWV SRSEHT O RIFEZE L EBRMITA, £
7o, FENDOFEAERNHS L.

2. RESR

Griggs MELEBREBEOHLBZER vy ) v &7 —
REEE RIS RAERE S SN v 2 7 41
3, MO - =2V O3, AEEEREE
TR7 7774 OB -y -2 EHLTVS
2, COMEHEEREE - —2HVINEY 27 LT
i3, E—% —0OEAEICTH > T, Fub 5iEic[a]
- TIRIRIT 18 2 R 18K & IR AR A U 5 AN
LNTWA (1 Z 1L, Ttoand Takahashi (1989)). #&
EEEBOEE, t——0E3EL T 5mm 2
EETThb, FULERICHENTIHOEHS T 10% »
530% BERENMERVEETH S I, AR
(1992)). L»L, AEEEHREEDOEL -5 —DES
3, SFEBROYEHANTI8Smm EEL, %7/, b—
Y — oW b AR ENENLZTNET N 95 mm & 9.0
mm EREXV, ZOAIC, bE— 7 —0uEf Lo
FRRIPIBORELBEEEZEZONS. HMOEE:
ORI BUEHLEfE IR 200 5 e 3 2 EER T3,
E— 4 —OEEARZH > THB L EWIFFICERL L
3.

REARONEIC L, ESiEE CLEEICEREITA S
W5 RENVERO, 250 Pt-Pt10%Rh &% A
WTCT'57 74 b= —Odulih & ol E 2 RIE
L7z, 150G, Fig. 2 ISR LTV ARRICY 5
7y A4 b= —DduLOMEICEA L., F/, T
DOEEEFITH LT 180° %M T 7mm LA DOAEIC S
I 1L MOBRENEHAL, 75774 b —%—0Dl
DIREARTE L. &b o0EEMS, koK
ST O FIOERICF w b Y v v v a vHRLET BRE
IcLTWh A,

157 EE 200 kKN & 500 kN 1T 35 1F 5 (R EEHIE DR
% Fig. 121C/Rd. AEBRELLDS S 7 74 bk —
g —13, TOHLEREMTHIE D KX SIREELER;
L, BED FRICK > T OREZENIIKT 2HH5
M3, F7, FRiED 200kN & 500kN TIE, FEHIC
REFEVITED SN0,

ENEE D77 24 b=y —ITEINTVS 2
STDOENENT DAIEH» S, 500 kN OFFEICH T 5 Hl
M E U DOEEENK 6.0 mm TH 2FENL NN 5B, 75
7 74 b =5 —NOEMARIOWRED, tulir oD
PEEEIC G L TRD S B & L RN IR AL A R
D5 E, HULNRED EFICHE - TREARIT I IFER
PHCEN G 2FE08 056, 75774 b= =i
DNEEZ T (C) & LK, EEAR Tg (CC/mm)
i, UToEUXTcRTELHKRS

Tg=0.09XT (2)
BHEDE A, KEEZHOVAZIEERTIE, ESH



7 S N G AV ) AR S H 4

x 200 kN
600 o500 kN £

Tend (°C)

200 - ©

0 L 1 L 1 L 1
0 400 800 1200
Tcenter (C)

Fig. 12 Temperature difference between the center
(Tcenter) and end (Tend) of graphite heater measured
with Pt-Pt10%Rh thermocouples. Cross and open circle
indicate temperatures at 200 kN and 500 kN, respectively.

50mm &% 7.0 mm OFEROE A FEH LTV 3
ZOH A XDOFHKBDEE, 600°C &5 - 7z i
DTS A, BIEEROHEBEREBE VT, #HoD
FULER & U DR EZE 1349 125°C 22 5 150°C & RfES 5
hz, dRoEs2ESITNREEZEZ/ NS T5H
DHK B2, b F D EVEREERICH W 5 Sk
S BEINSIDIEATIC K » THRE 5 & W - fo [
LB, E-T, COREANROREEFRT 581
i3, AEZBERORVWHE® NI FORREN 7+
WIZEA LD (B2, Liebermann and Wang
(1992)), t—% —0ORWEZEZFLERTEL 5875 1T
F (fZ1E, Kushiro (1975) ; Rubie et al. (1993))
DMFEITIE B,

3. EEEEHE

AEEE A OIATEERICEET 2 RE%, 1B %
k& U TiT - o ERMERAER D 7 — 7 2 HICEE T
5. FEEpCi3 NaCl v vaHw (Fig. 2), HEAK 5.0
mm, £ %9 5.0 mm O PR OIERCE 250k & L 7.
C DIERCE 2 WK T 2813 954 b TH Y,
DEO 7 o sk EBSIN TV A, FfmiE 500 kN,
IR 600°C, KU, 4 vF—EZ b v OEAHERH
600 um DEHED & & TEERZIT - /2. L 500 kN
13 0.9GPa OEJJIcHBd 5 (Fig. 11). 600°C DR
i, HRhCA U 2 EEARL IR 53°C/mm TH
50T, ZOFEOFULEETIZH 130°C DEEZEMN
HUBEICKE, CoREEE2NSLSTLENT, &
Bl Ni# 72 VIcE AL TEREZIT- 2. SENE
HRTO ) H54 ~ OFEHHBSHEHKA S WAIZ, Ulmer

—_ ~~
Z 600 ittty 600 £
< L 4 E.-)
g 400 | Temperatu/r;e_ /7 1 400 E
= I / ] g
= )/ @
.2 200 I Load 7 1 200 E"
L /
=3 / <7
% 0 N . . . 0o &=
0 10 20 30 40 50

(=
<

Time (min)

Fig. 13 Schematic diagram showing typical pressuri-
zation and heating processes for experiments. Solid and
dashed lines represent applied load and temperature, res-
pectively.

and Trommsdorff (1995) ®7 v F T 54 b DFEXIC
b5 &, AEBROETRESRME, 75335
A WD T VAT TA b EF VT ITBIKSRS B RG
RO EETIEH BH, T v F T 54 b OLEHIHK
27y bINA.
ZEBROMEMBGEFE %A Fig. 131T/Rd. FRT
200kN @ EffEE TEL, o bBmEERRL .
IKRET 400°C £ T Z1TS. Chick b, fnEduc
B2 OMErEIEE S CHPARETH 5. £ D
%, HUOENFTMEST 5. oS TEIN L 7R
EHE, MR & BHEAE OB 6580 S isv, 500
kN @ _FRiEICEL 221, HOOREIMEAL, *
D%, HHIDHEETA v+ —E 2 b v ZHRE s gk
N AR

Pl b o EEEE 218 TR o ERFE R % Fig. 14 1ITR
3. Fig. 14a 30 — KV CRIE S N Bl E ok
ZbAEFELTHBD, Fig. 14b F[E UHHIc BT 54
YF—ER b VOENEEOEL AR L TV, Fig.
dafo®A v AL, BALEENZE—EICH)E
L7ciicdh 5 (Fig. 14b). dliffEOREZAILIZ 3 2D
SHIIC T AN TE S (Fig. 14a). fAIKI T3,
TR ORGE & iz IEgIR ML Tw s, o
Y —EZ b v —EEE TRE R VNITEEA LT
50T, A vF—ERNVIZFELTOLET P %
2 B b —EDEIEGTHEINT 3. dhbb, B
OB EFITYA 70 EX b Y OB XIS B0
OB NS 2EICK S, £, 1 vF—ER
P UDEREE VNICEAT Z2HT, DI TEDE0
AE e VNOEKESEEA L, EDR—EDEIG TN
TEEEZOND. HE- T, FEE I TEYD SN Bl
FOLE, A vF—ER b VICHT 3EEENEFESN
M—EDOHETHIMT 2A4ICECTVWEEELION
5. 6L, kA vr—x b uh, AHOZTEAE
tEbFIck i —EOHRETH X4 5 &, g
I I TR o AR LAkt 5139 Th
5. C OfifaEE o R % B R #ER (Dynamic
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a Quench —>»,
%‘ 90 Yield point w
—— I
Hit point .
T 70 °F POt :
,3 ‘Dynamic baseline
g s o |
b <~ 1< >
0

0 100 200 300 400
| Tnne(nﬁn) !
700 1 ' '
| :Preset value

600'M“7‘ v e vy

Displacement rate
(um/hr)
7]
S

| I'
400 . : ! :
300 L -~ :
0 100 2|00 300 400
J Thqe(nﬁn) :
A 600 é ¢a.570 MPa — '
<5 ! 1
= J ‘ '
L2 400t | ‘
“ “ | |
3 E | !
; | |
57 200f ‘
b= | |
a | ‘
0 1 A i
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Time (min)

Fig. 14  Mechanical data of deformation of serpentinite
obtained by constant displacement rate test at conditions
of P=0.9GPa, T=600C and preset inner-piston displace-
ment rate of 600um/hr. (a) Axial load of sample versus
time. Point A indicates the time when the inner-piston
started to keep constant displacement rate. (b) Measured
values of displacement rate of the inner-piston versus
time. Preset displacement rate is shown by straight line.
(c) Differential stress versus time curve. The sample
probably started to deform at steady state condition only
after point B.

baseline) & L T Fig. l4alc&k L TW3,

iy o] 22 O W R S AL DS B A FRHERR s & 0 U 7o i %
tw bEA b (Hitpoint) EERLTWS, TDEk .y
bARA Y M, EEER O EEICEE L TW B T
IFER b, FEEHNCEIRTISFE L oA s
EZ oMb, by bEAVINUBTIE, A VvF—EX
N v OEMLEE DS rICEDERE T TV S (Fig. 14
b). I, AFoFEHEOEKICEVREEIRINK
XL, 4 vF—ER b vO—ERNEE O FHIHD

IRERFERES R Griggs TS EEREE O HAMERERHI

R > eI CREHRIEEEZ SN S.

By b RA Y POEFNCE, #REIKESE(LE
IRETLWD, 4 vF —ER b v OEAGHEE DA MK X
W HWRENED NS (Fig. 14b), ZOW L ED
ERIDPD, 4 VvF—ER b VYOEAEENEL T ->T
W3, T, COEBEAYDOE v RSV FNTHD,
EREEDOW S XiFk v MTE b73 - 23k VN D
R D2 mEA b2 R L T0WbE EbEZI LN
505, FHMIEAHTH 5.

SR 36 5 il B8 D IR 2R LIS B AL HERR & 13
EEITTH B (Fig. 14a). Thid, &HkEhcREL TV
BEIGTIM—EDIRFET, 4 v+ —ER + vORE £
IWNNDHEA D HITHEIR G 5 BEE )] & E 13K L e
HAERLTVWE, b5, ZoOMEETEREMER
7)) —FIRETEIE LWz EEZONS. #-T,
Bl 7 B DRI LS B R ERR & 1A TIT D - 7o
ZEEIOREIR A (Yield point) &0 L7z, BEIRSD
®%TE, A v F—EZ N OLEREENS FE L
<Ww3% (Fig. 14b).

PibosEx2EZ 5 E, (A 1ICH W CTEFEEELR
IR ICHE T &, fRIILIC B O Tl E O Z LSBT
%Eﬁ’ﬁﬁ*aéﬁﬁﬁﬁ7u—7%%ﬁ$ﬂém

1i5A, S Tl EOZ LR, HRhcRET
BEGHTO AT L TWAHICE 5, [ERER 3 il
A OREE LT, RO E R b v EEIRE
TR R A 9 2 BRI IRPTIC & » ¢, &lRhicREd
32 EE EEICRIETE R OWEBNEfRsh T3
D, SRIOMEF—5 —IEITIHICL - T, FHE
BEBIEPRKDONE EEZ 5N 5.

S T I BV CTEIEER 2 E L T, T OB
BERRE i & O ZEBHCHEL TV B EINTT &
L, sEOEICES % 26 OB HIZ L% R 72
(Fig. 14¢). EREERAE DL S, FBRSLIZR O
B & Bl ol oER LB 0T, RO
RIFEEISTHR E L TRBE SN 2 HN K TH
5. UL, BlRETORBEE 2V TIELIN O3 R
DL C OEBAIT O BN TE RV, REERORK
RUBDOA v —ER b v OEMEE %A Fig. 14b 2
53k B EHEHK 564um ThH B, Fh, BHREEE
B TH; (Quench £1) F TOEIX 1299 TH B D
T, REOBERIF1213um B BB FTHB. Ly
L, [FIGEIROEEOFEREIZHK 630um TH B, C
DEDIFK & L’C, e VOB Z NG, R

ﬂtaﬂi% BXHTVWATILIFEZX Y OR
T, INHERRC iéﬁﬂ@%ﬁ AT B IR

éff(] 5,000um ® NaCl & L Tdh 5 (Fig. 2). &
FEEroBIGRE =E S5 &, A7 rirEx b
v ONTIE NaCl OFEMREMEL TE D, ZFERFIC
HEET LI FER P UAEBICEBEL TR VLEN
Nirh. COREEETLE, BIRSLIKBDO D DS
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T, ke, HEomE SE CRRE E T
Bk L7z NaCl A CWike&EZ 5N 5. T
@ NaCl OED, EBEOFEMEEFAMEOELL T
W3 EEZ6NS, Fig ldc DFEKIIICHE VT, EiG
TEEIMLTWAE (B4 v b B) BEMET B0, C
DELIBRICHE O ADER 7 ) — FIREETEE Lo &
EA AL, EROGHEMEFAENZE KT 5. T
Bbhn, £4 v+ BLUROKRE®HOIFT— 5 — 1
HOEFE S ) —7REEM L IcbDEEZ LN 5.
CORRIT, AREBREE LA VvERV S
&, EREEHERIC BT B il E ORI L S50k
DEH 7 ) —TERONFT— 5 —2JiETE 50
5}@ - 7.

Pl EoFERD S, 600°CIcB T 2REDER 7 ) —
TIREED )25 — 4 — AP+ 5 &, #4 v  BUK
DA vF—ER by OILELLEE (HER 564 4m)
D ORI OZALHE GEEE T, 3.1X10 °/s) A5k
0, ZOROREOFREISIIIEK 570 MPa & 75 %
(Fig. 14¢). e DA HEER 3 Raleigh and Pater-
son (1965) % Rutter and Brodie (1988) &% 5 73,
ARFERREEZH WD & TN S DR EIIRL D &5
HEEUETCTOREEREZITS CEMWARETH 5. 4
%, Lo ESE N TEEEREITOET, S, MU,
hAACUGEER 5 7 DEEICHT 2 /)7 — 5 — %42
INTEBEZEZONS. 1, WACE DRI ZE L
SEFHIRIZ, hAIAL 2 5 THTHA L TV BHEE
FMEOREA =X LB LTVWEEEZLNT
W3 (Fz1E, Jung et al. (2004)). iz, T DOMWEE
SR R /K SRS E @ Clausius-Clapeyron AJf %
bOMIHTHAET B4, Dl L b 3GPafEE DK
MDD R TOEFERIRpEIL O, T OFESIEME
DR, PEROETLFERLEE TIIIEF ICNETH 5
7, AFEEEE T HOICARETH B,

L OFEIL, B A AER O 1,0000C LLED
EREME T TOERICHBWT, NaCl /v E[E Uk
NARME 7S BhA R HERR, & o b BA Vb, KU, EEZ
) — FIREEZ RS N7 — & SHUS A RED R 5
H, WL, TOREA S ZELNDREEITHIHET
»H 5.

xLH

IRERFRF LA FURIERERE & R 7 £ H I
ICBA S N EARE 3 S 2 aBatk o B A e %,
B L7tz r (NaCl 2L EH 5 2+1V) DEB
CHICEG L2, DR, LINOHENSD - 12,
(1) Bi oM AFIH Lo E R EERICHE S &,
ZEiE FT? NaCl £ VO FRAERETIO ERIEH) 3.0 GPa
ThbEMTSNS., £, W5 RARIVOREFTID
FREFZEIFECEELEEZEZ 5N 5.

(2) NaCl £/11Z 500°C & W5 HRrRIRS ) 5,
A2 K EIRBBICREF T 2 FE[RETH 5. L
L, 800°C 2z 5 &alkl 2 WIREEINSALEICL D,
EEMOZTEEBRLBRNEE 55, —F, 7521V
RSN 3IEFKEIRREIC BN 603, 475
ZDRAE S % 700°C LI EORE T3 IEHEKTIRRE &
20, 1,300°C & o iR b RIFLE L 725
ERDSiTZ2 5. fE-T, NaCl v v EH 52w Lid, 1
ZH 800°C LIF & 700°C LI EOEEERICH L TV 5
EFEZONS.
3) EREEUTOEOFRAZIREZ, 52 vVDE
51313 100% TH 2 DITH L, NaCl i3, EriEss
500 kN & 750 kN TN Z 14 75% (P=0.9 GPa),
&, #172% (P=12GPa) &{&\.
) 75774 e—%—13, TOHRLEREGHETARE
MREZZEL, BEEO LFICX > T2 OREZENIL
RT3, V5774 rbe—%—DfEEEZ T (°C)
& L7 E L 2IREAR Tg ((C/mm) (&, DITD
UK TERTEHIHERS.

Tg=0.09xT
(5) NaCl ®vA2H\W, F710.9 GPa, {HEE 600°C, KX
O, A vF—ER v OEMEERHE 600 pm DS
THEACE DETEER AT - 1. T OFER, A EIN
FUERL £ PRA VN, RO, HOEEs Y -
IREZRTNNFET -y 25 2EN TSI, TDIF
F—45 =13, AKFEEREELE NaCl L vEHW 5 &EE
HERBRAENITAS2HEERL TV S, D%
F—=5 =5, EOEHEE 31X10°/siTBT 5%
PEGREE (349 570 MPa &K 511 5.

-3

FIRRF- O MAHBEIZ & TIERFO)NA—HI%
i, AZEEZRHOWCERICE L TERmIcED k%
L CHHW o, BRRFoH FREHERICE, EEIE
EBRCBAT 2B BIE 2THO . [RERFEHRIN T
BEABIREOR ¥ v 7DFH 2 1clE, skt vo/x—y
CINTIEEOIERZ MG, KEICBHT 284 1oy K —
b L TIHEW . FREEE T ERSS I EXimo
INEREFAILCIEW, 72, KRimicE & - FEnks
R, ABERIK, ERENK BIBCK & O
KIG, HTHPPEROAZEGG ) & B L 25
BRDSR V. BHERZFO KLU & # iR o
HHEIAEIR IC 3B RS Ami e T> TVl &, BE
FERIEE BT A PR S AR E - 7o, DI b4
WWELEHOoEEERLET.
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