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Three-Dimensional Numerical Simulation of Gas—Liquid Two-Phase Flow in the I1zena Hole,
Middle Okinawa Trough, to Clarify the Generation Process of Seafloor Hydrothermal Deposits
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Although seafloor hydrothermal deposits are essential metal resources because of their considerable reserves
and high metal grades, the concrete physical setting that causes their generation remains unclear. These can be
clarified only through numerical simulation studies because it is impossible to observe the physical setting and
actual phenomena over a long period and a wide area below the seafloor. In this study, we attempted to clarify
those by simulating a three-dimensional flow system of a gas—liquid two-phase fluid and regional temperature
distribution in a hydrothermal field. The Izena Hole, middle Okinawa Trough, was selected as our target field.
Results show that the ore bodies on and beneath the seafloor were generated by different mechanisms. In the early
stage of hydrothermal activity, most of the hydrothermal fluids ascended freely from a great depth and spouted
from the seafloor and consequently generated ore bodies on the seafloor by mixing with seawater. Over time, a
hardly permeable cap layer was formed by hydrothermal alteration, which caused lateral fluid flows and inhibited
the inflow of cold seawater under the cap layer, resulting in a temperature increase and consequent boiling of the
fluids. Mineral replacement occurring in large amounts of lateral fluid flows over tens of thousands of years is the
most likely cause of the generation of subseafloor ore bodies. Therefore, cap layer formation is an essential factor
in generating subseafloor ore bodies and changing the location of the ore body occurrence from on to beneath the
seafloor.
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Fig. 1

(a) Location of the Izena Hole, the middle Okinawa Trough marked by a star symbol. (b) Bathymetry map of the study area.

Heat flow measurement points3 2 and data from the KM18-08C Expedition are colored by the value range. The red dashed lines
and the A-B dashed line (Corridor) indicate the locations of cross-sections of the calculated temperature (Fig. 5) and heat flow
(Fig. 8a), respectively. (c) Enlarged view of the Hakurei site. The white dashed line indicates the location of cross-sections of the
calculated temperature (Fig. 7a) and heat flow (Fig. 8b). Drilling point I corresponds to the origin in Figs. 2, 8b, and 10b.
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Fig. 2 The measured heat flow data obtained by the KM18-08C cruise survey.
The easting distance is along the line from Drilling point I in Fig. Ic.
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Fig. 3 Photographs of black smokers with an approximate scale. (a) TBS chimney in the Jade site and
(b) Dragon chimney in the Hakurei site captured by the Hyper-Dolphin Dive 1186 and 397 in the
NT10-17 and NT 05-03 leg 2 cruise surveys, rcspcctivcly39).
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Fig. 4 Calculation models with Voronoi cells, shown by perspective views of (a) the model domain and
(b) the geologic distribution comprising five units: cap layer, conduit, sediment, volcanic rocks,
and fault. The top sediment layer colored yellow is expressed as transparent in (b). (¢) Detailed
configuration of cells and geologic structure along the X—X cross-section in (b) with the model
size and boundary conditions. The conduit of the Hakurei site is separated into two portions,
forming a Y shape at around 400 mbsf.
Table 1  Physical properties defined for each geologic unit
Parameters Cap layer Conduit Sediment Volcanic rocks  Fault
X ¥:1.0x10™
Permeability (m’) 1.0x10™ 1.0x10" e 1.0x10™  3.0x10™
Z:1.0x10
Porosity 0.1 0.4 0.4 0.4 0.4
Density (kg/m’) 2750 2750 2750 2750 2750
Heat Conductivity (W/m*K) 1.3 1.3 13 1.3 1.3
Specific Heat (J/(kg*K)) 1000 1000 1000 1000 1000
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T b, FFRMIZE W TBS F A =—iTF O EOHFE % 5 8
LT, Jade ¥4 FTIE TBS FL=—% & L7ZEA 140 m O
M 2 55 L, M HH e 0D Y EC 18 70> 0 AT SR JES 1 2GR IE S AN
FoK i &l U7 (Fig. 4), Hakurei %4 I CiX Dragon A =—
LAk~ v ROW G CEUKIEEN 2342 U T\ 5728, Dragon F A
==t ~v v N2> THIET 2 Y 0T, B 160 m D
BRI & 52 E L7z (Fig. 4 [ZHMTHRR), 72, Hakurei A
R TOMEIFEC L B B OER, B L O R 1 1k
L HEAE OHEER RICHE S, BUKIROWEKT 2> 5 20 mbsf F
THRHFEE, Zh 530 mbsf FTEBE 10 m OF v v TE, *
O FALICHEIR Fifd & ThILIE BB L7 (Fig. 4¢0),

BOKBEDSMC R LTI, MEHE & g T — 2 Y 2%
WL CHEEE 2> 5 400 mbsf = TEHEREE, T LUREZ KLAE L

@ http://doi.org/10.247 3/journalofmmij.140.101

E L7 (Fig. 40). £72, BEO X 910, HHRAMENEA O
T B BRI 5 T 1 Wim? LA oD i B B 2VELIE S
7232 2Lt EEAERETESICBIROME, B & Om A&
HACIN D BAMED B\ BEREE DR S SN D, Lo, &
BRI > CEE & 7% 7= (Fig. 4b & o),

HHEERONBI W TH D, RIS, MRERTR
A TR LN T — 2 Z ISR E LT, WA b i<
BERIFT AT A—FThHHREERICE LTI, T s o7
LT 2 BIOMWESUK R TH Y, FHEA W &ML L7 S
W L WU & b PR AL F I8 LT E Lzl 1D & v
70, BEORBRIIBE TS5y ) T —va ko TRE
L 7= (Table 1),

PIHRSAE E UC, BRI Hakurel YAk TEHA & 7= Vg
fHE OWFEAILE 4 °C & Fvy, GHEA I /E D O 2 R A fd ¢
% 0.16°Cm*? & RO FHRE D & L OO E & IR
Bxt, E72, BKEREICESNCTENOIEL %A v v =
25z 7,

BERAMEE LT, BER Lid X OBUKII S 2 M < BER i
DRFELENE—EL Lz, Tabb, LEiREENnko®E»
4°C, JEEIEE T EEIRE &P HEAE) B iz 249°C (T
e Lz, $72, MEEEEARERER & L, BUKitRIKE % %
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Temp. (°C)
364

274

184

Fig. 5 Panel view comprising the E-W and N-S cross-sections of regional temperature
distribution and hydrothermal flow vectors along the red dashed lines in Fig. 1b.

@ TBS chimney Capéayer East

trprr it it

--__Temp. (C)
364 T+

274

(b)
TBS chimney
'

Gas saturation

Fig. 6 Simulation results at the Jade site. (a) Vertical cross-section of temperature distribution and fluid flow vectors
along the E-W cross-section.in Fig. 1b. The white dashed lines in the shallow subseafloor indicate the cap
layer. (b) Vertical cross - section of gas saturation distribution in the boiling zone shown in (a).

CEEREROBREES 102 m? LK< BRET D2 & T, Ehk
WEEKMEERR & Lz,

BE R T B & 7 Bt ORI X BRI G S T & 9T JES T~ D A
KT, BUKRBEENSOBKEHRETH D, Zhb LWiE
DIRBRITAR OB L 2 ZE L C, B & IR OFHEM AN
EE L —H3 2 X 5 ICRITEEREMIC R D 72, T OREE, Rk
X 2 IEEITEOKE AL O ORBEVED 35 TH 1, Bukinis
JETE 7> B O EGK O FiEAWE & i A 1% Jade ¥ kT 360 °C - 27
ke/s ( LA IR 72 0 (0454835 & 1.7 X 1073 kg/s*m?), Hakurei
A FCT365°C + 27 ke/s ([FAEEIC 1.4 X 1073 kg/s'm?), 6 L Ok
IKUERE F1ii 7> & OBIK O H & & R X Jade A4 N T 25 kg/s+
34 MW, Hakurei A b T 25 kg/s + 35 MW & 57, WiEKH
N HIAT HEUKOFANIRE & AR, 360°C - 5 kg/s (=1.0 X
1053 kg/s-m?) & 28 S 7z (Fig. 4e), 7=, Wild 0 RITEuk
WD 355D 1 TH53.0 X 1074 m? LB LNz, ZhbDRE
O L, FERFM 20 HEEZXGRE LY Ialb—v a0l iy,
HETE R AR A FEL LT,

4. % e

BUKIREN S X 2 L— 3 VOFER % Jade A b & Hakurei ¥
b %38 2 HPE J7 16 O T Wi, F KO REg T e o FE AL T A o
TEEWIHE SR D NIV EA T 75 5 THET (Fig. 5), 2D
DNFTIOT A MIBWT HEUKIERKIEHE 2> S WA Lz @Rtk
DR COFM & Xy v 7RIS SO MGFREICOET S & &b
2, WD B L7 KBS CNE S D 2 LI K0 5kt d
% &V KRR mEIEEAH 6N Th 5 (Fig. 5). WKREN

© 2024 The Mining and Materials Processing Institute of Japan

BOEHEICENTODEDL, Jade VA b AMLET D OHEA TR D
FEHEBHOBETH Y, K ERE® < RE Lo @A E
IR > Th 5,

Jade -4 FTOX ¥ v FJE FEICH O HUKOMIJ7 R E) L TBS
FA=—OHREHPMTET TS, 72720, EMTEREIZH-
T L2k & OIRAIC X D 250 °C L Lo iR FEk O RIT
FEBEAIBE N DR LT, BT IR 5 i Eh AN e 5 72 D1 i
RIS ACEF AN IR AT D & 5 EOR B (Fig. 6a),
W UK ORI BI L TiE, TBS F A =— &8 TrEBEIRE N
335°C Toh Y, MEHE 320 °C &%t Lz, £72, TBS FL=—
T OREN S 120 mbsf O TH ABIFIRN 2 ~ 15% L7 o7-
(Fig. 6b), ZHUIE, BUKIEEIZIR > C LA LIBUK LI
K LT L2 &2 RL TS,

Hakurei 4 & CI3BEA Y (2d6#~ » > K & Dragon 74 =—
D 2 DET CEUKMBEH L (Fig. 7a), Dragon 7 A =—3 g TDE
AKIBEE DR EE 326 °C 1%k U CRHFFEIZ 334 °C Exbii Lz, %
7=, Dragon A =—&dtifi~ 7 > KO D 20 ~ 130 mbsf IZF\>
T, WBMEOE U BEEREE L5 DL (Fig. b),

EAFEROZLMECR L, @A R IR o CHEM & IEMm A
T2 &, RETICE WS 2 WITRWEGE BEOREEIZFELT
ETWRNL OO, FHEHIZHEMBO RS ML FEXEL
TWD Z ENEID HILD (Fig. 8a), Hakurei 4 R Th~ v
REEE ORI 2B EOEBLANE, FHRICE VRN LR
% 8T & 72 (Fig. 8b),

@ http://doi.org/10.2473/journalofmmij.140.101
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Simulation results at the Hakurei site. (a) Perspective view of isotemperature surfaces at 50°C intervals

and fluid flow vectors along the E-W cross-section in Fig. 1c. The brown surface and white dashed lines
in the shallow subseafloor denote the seafloor and cap layer, respectively. (b) Vertical ¢ross = section of gas
saturation distribution in the boiling zone indicated by a rectangle in (a).
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Fig. 8 Verification of simulation results. Comparison of calculated heat flows with (a) measurement data
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line A-B in Fig. 1b and (b) the measurement data obtained by the KM18-08C cruise survey. The easting
distance is along the line from Drilling point I in Fig. 1c.

5 & £

UTFTI, T Iab—ra VRO SISOV THRGEE L
WRAZFRATRE R\ 2 S ST | & VI T OFL R AR 7 e 2 A 2B
LTEET D,
5:12320b—> a3 UHEREDZLHDRIT

VEORUREY, WEHBVK OIREE, B, B OBLE A D VI 2
L—a UVREROZ AR R D, TR ENICE LT, v
L2 b—va U THIKIEENS RS B IR Jade A M AT
B 54RO BHE ORI BT 5 G BRI - ik
1 (Fig. 5) 1, GRS 7 B HE S AU 7= ik o0 i i 3 & o
BAHTH D, WIT, WHBUKORE O FE & BEHE X TBS 5
L=—%KJET335°C & 320°C, Dragon F L =—%FKE T334°C &
326°C THY, WMhaxtii Lz, £z, Ry Iab— a3 T
HLHUE R OB E RS AT H B 72 DB B O BT R S BT
BEaNTWRNEDOD, EEGR=EMIAV (Fig. 8a) 35 & U Hakurei
A b (Fig. 8b) OEJE O FFALITIEM O RIS S Ly R
HHLTWD,

WS HEIRIZEI LTI, TBS FA=—E FOXREI 5 120 mbsf
DO THIET 2 &5 FHEREE (Fig. 6b) 13 200 mbsf LA I ki
S MEIET % L U 5 Kinoshita and Yamano3? 12 & % ks 5 &
AT D, F72, Dragon FA=— Lt~ KOO 20 ~
130 mbsf (2 W T, WML U S AR LS 5= (Fig. 7b),
— 77, HRHIHA 1T 0> 40 mbsf, #fHIHE T TO 30 - 45 - 63 ~ 65
mbsf O 3 &, HEIHT IV O 56 mbsf, 35 X OMREIHA V O 48
~ 49 mbsf CRMHEAE A NNKRT 2T THL AV T4 b

(oL http://doi.org/10.2473/journalofmmij.140.101

RSN TS 10, BEUKSLE T, THE pH O BK A BT
5 LI L VBRI NS HaS BB 2 L, KRBl T
AROUIK L IRA L CHIMIEBVKASTER S, Zhick o b4y
FA BRSNS Z ERmERTVS B Hakurei %1 b
T, PUEEEARETOREA, ARAZ AN, AT4 Ll
DRI SR B B EICNT TIEL i LT 0 10
UFA NOFET EROBWVIREGSHICELNA TS, LoT,
Hakurei A ks OEHBKITHFHEpH THLHEExX BN, A
FA N AT LB UK L B OEBUKEER & FED A 7 = 2
ATHEUZLHBTE S, UEOEZEND, YIal—arh
545 B T I 0O 5 AL IR ESHR AT K A B R LA TH
D EHEIC X B UBIEREIR & Y A O b RS LTz,
L LT, AV al— o 0 Ofs BRI & N E - uS 5
LHRAIT, Y THD LHBTTE B,
5 2 QA REIC & BEIE T HRIAD £ ATEENE

Hakurei % k Odbii~ v v KT, #idko X 9 K Lo
<y REHE L 30 ~ 72 mbsf [Z 04 B HEES FHiA D 2SR &
NTND, FIEOESHRIELRL, 77 v 7 AT —h—n D
H3 28Uk LA L DIRAICE Y, WHET E RS 2 TE R
LHERET 2 2 L O K LI k> TAR S5, LarL, KMIS-
08C AW COEH L OB LD &, i~ T v FOREHAL
PHOBUKITEEER RS U T AE—H—Th 0, ZiidBukd
AL %8 AT bR BT H - THAERITITER B2, L
T2l oTC, B~ vy RIGRRICHFEELEZT T v 7 AE—h—|(C
Lo THERShZEEZ LS,

— 5, WEIE T OFEARIER E: O ARSI (R 23 L7z & D7
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Fig. 9 Characterization and interpretation of the formation of seafloor massive sulfide ore bodies caused by
lateral hydrothermal fluid flow in the Hakurei site. (a) Vertical cross-section of distribution of the first
principal component (PC1) values from the principal component analysis of the geochemical sample
data and a geostatistical simulation47), along the eastern part of the line in Fig. 1c. PC1 represents the
total metal concentration. (b) Enlarged view of a part of Fig. 7a concerning the calculated temperature
distribution and fluid flow vectors. The square in (b) represents a cross-section of the subseafloor ore body.
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Fig. 10 Simulation results and verification using a model without the cap layer. (a) Perspective view of
isotemperature surfaces at 50°C intervals and fluid flow vectors along the same E-W cross-section as
Fig. 7a. (b) Comparison of calculated heat flows with the measurement data obtained by the KM18-08C

cruise survey along the same line as Fig. 8b.

b B WITHEIE T TORRAENT & o TERR SN =00 T#ER I e
WTE Y A% g TR, AR TR IERIC L B
FLARAE R DO FREME 2 MDD 5 72012, 53 72 O BUK AMAT i Eh
TEHEPENEEEY I 2 b— g URERICHEKSE, Tk oI
et Lz,

SIP-I D—B L LT, deSa & 7 ZBBIZE O SHTIC & % Cu,
Pb, Zn 72 ¥ O&BIRIET — X IS ERS ST EITY, SEORK
TR RT LRI T X 7255 1 2R O ZE M) /3 Ah % MR R0
V3ial—valilkoTHLNI L, TO—Hl%, ik~ v
v RZEWD RS M OEER AR & LT Fig. 9a 723, JLES
~ U2 RERL CERIBER DAV HANERE T 5 OMBEND b
5, ZOWHZBLIBUKOEBERFIIAY I 2 b— a3 URERD
514 X 107 kg/s'm? & EE X7 (Fig. 9b), HHEIF L UMK
2 &K o TERES N2 BE O A L BUKE LR O 7 7 v
(M) OBIBTZREMESITICE S &, AR E ST
WL T 7 OBUKIEEIIE R L7 7 U OEEREOFERITVTH
bAOTERREE L RIR S s 19, KPP IS (B S 5 TAG
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~ UL R L ZEOUEETE 15 km, Ak 30° I2f7E 35 Lost City LR
1%, EREIEMTON TR e WIEBUKILRE TH D, ZhHD
BUKIEBIIEZhzn2~5 HES L3 e RIEL iS00,
DTN T T ERRREDO X A AR —VTh 5,

T, AN OBAKIEENN 5 HERME L T\ D S E
T 5, i, MBETIAROIERZ, Wiko Rk )5 (FEL
F), FANEEFWICHLEHEEEMLL, - EL0
£ &% JOGMEC OiE#IFa#E 3D 12 S\ T 24 100 m, 40 m
L5 2%, Z0OL EHENE A BB T 2BUKOMEE, 5 JTHRH
THIO09fE ton ERETE D, Lok 5 1Icdki~ Y v FOWIE
TFEROHEEIX 350 75 ton T, D 0.41 % 1234725 14,350 ton %
A D L BB BT D 3, AR OB LA R
S M7 BUK DAL T — 2 R — 2 0 12 L 5 &, IR D
PERENANLE S5 266 & 5T O EIKNE H FLA> BRI S U7 H UK
IR A 1,530 ppm, ) 104 ppm OFE TR G ENL TV 5,
F7o, SUIAKICKIT HIEMEEMK S, IR NI O TR DK
TowiL %Y, Buko@lgc k- Tbamc ks P 2L
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Two phases '\

Fig. 11

[ Pumiceous layer [ Cap layer [ Hydrothermal
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[ Volcanic rocks O Conduit N Stockwork veins
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Conceptual model of the generation and development process of ore bodies in three stages: (a) early, (b) middle,

and (c) late stages. The red bold lines at the bottom of each figure indicate the direction of the main flow of

hydrothermal fluid from the heat source.

HMHNTND, Lo, BHBEUKBERER « O3 S5 BTSN EL
KABHTH LT D R & <, EHBUK T OSRIRE X, WK
TEUKH OSREREO FIREICHSY T2 B2 LD, ZhbEE
BL, JHRAETORUKH O % 150 ppm L {ET D &,
FREOOE BT 1.0 {F ton DEUKIN S OWWIEIT /D, ZOfE
FIIRRG OB B ERUG E 2 BE L2 Wi/ T U AT
X0, BUkBRBEORFAELFRBETHD,

MSCL (Multi-Sensor Core Logger) (2 & % ##H = 7 O ¥ F1HRI%E
IS L, AL vy RIZEMOBUKIEEICHE 5 SE4miL
BDOBIEIC L > THIBO KNS TS, £, MRS
FHENHETO LA~ 7 > FOBAIET S K& DT, 7
HEEIFHEEL LV L2 VT TH L, Lo T, KoM B
EIXEFEOREY 10 b2V AHEESAE .,

Z DX 51T, Hakurei % b CTIXURE FHLAZ ERKT 5 DI+
DI RBIOBUKENHEPD DN LITMAT, v v 7E
RAKTEARACIIEDTHER R STV S Y oC, [
2 & DURIE FEARDAER A B = X BB LFFEND,
5:-3F% vy IBEROEEN

W T COBUKOM G IiE % FIREIC T 2 DIE*x ¥ v VB OTFE
Thd, TNERIAET IO, Ty v B2 kIEICEZT
v v TEORVEEET IV CHEET 7, BREN LI
B, BIORT A =X OFEMFITRR LR CTH D, VI 2 lb—
varvORER, ¥y v T RBELETATIIEKDOITE A ENHE
S H L, MFRENIA TR E & BT (Fig. 10a), ZAdR
BEOFHEMIE 1R A RO CTHIEMD 1/10 ~ 1/5,000 & Fiilc /b &
<, &LFIG LW ERbho Tz (Fig 10b), W xIZ, Fv v
TR OAAAEE B JE L7 USRI T8 2 BUEOBUKERR 1L
BLCEp, AIROEBY, EREVKEETOX v v 7 BILifE KA
KW AT CRUK SIRA L, BAESLET S Z & TSN
%59, LoT, BKEBMMOBKTEF v v TBIIREET
HY, 1ZEAEOBUKMNBERNGEHTLEEX NS, I
FEy v TEELETLOYI 2 L— g USSR (Fig. 10a) &%
a5,

5.4 AERTOER
PLED#E 2% JLIZ, Hakurei VA b TOHMKAER 7 0 & A%t

(oL http://doi.org/10.2473/journalofmmij.140.101

LT TD 3 SOEKEBEEEZIREL, T OM&% Fig. 1112
KRd 5, BUKIEBIO PR ClIx v v 7EIIRBEETHY,
BROEGERTH HEUKRBENEZ RO EH L28vkix, Fi2
WEKE DT T v 7 AE—I—0bEHL, BAEOHEKERET S
T & CWRHEREE O SLREAL SR T D A~ U v RVERL S
nizL&Ez 5% (Fig 11a),

A~ v v RAEREPBUKIETIFHTH Y, ~ v RNIZIRE
L7ziBARNEBEKERAL, 200°CLLEIZRDZETeU U RN
EBOZEBUAEAE NI L, ERNFTE I, £, BUKEH
R OB A DBOKEENER &2 5 TRk S h, BiE
BRET Lz, D OAE &I K > TEEAKMED
¥ v THEPRAE IR S, BUKiE IR T oMk
DIRFEEIH Lz & &b, BUKitEOMERS 2 b Oy T
FH I, ¥v v 7 EFEICBWTEUKOM TR 2334 Lz
(Fig. 11b), ¥ v T TEOIEEIZONT, WAKREN S O &
N5, WEFRET28KOBEENEF L, BTy v
J& T TEUK ST 25 & 9127, BUKDBIEIZ X - T HaS
R COy WA AL L, Bokd pH A ERT 552, = o b5 136
72 L OB RITFEORERE LN T SH 5, PRI, BUKOUE
LTRSS BRI ADFEIT X v v T8 T CORALALIA,
BLOZEOEATOMMEEEFOAR AR S5,

S 512, BUKIEEE T BIEOBUKIEEI O BMEICHY T 5 L5
Zbd, BUKIEBOMkEE T, b~ 7> NEW &2 DO RM O
YR T CII MBS I C S DIC BB &, BUKiTEho il
7 Dragon & A=—IlB o7 2 E BB OGN T I A TH D
(Fig. 11¢), & OMRHIE, Dragon F Lh=—L7 T v 7 AE— I —
THDHIZH 05T, Dragon F A =—U 5 TIXILE DTN
RSN TBELT Y, WEHBEE > THDHE D BRI ARKE L
TNWRWEBZBNHZ LIThD, £z, Ry Ialb—vail
X #UX, Dragon A =—JE 0 ORI T 20 ~ 130 mbsf IZFWTHl
R AELCDRERICR-TWD, Tbbh, BUKOUEITER LT
Dragon F .5 = —# AR EL SN D KMFITH D DT, FAKDARIE
FEIIELRREMOBE S XFFT 20 TH D,

—JiJade VA FTIX, 7T v IV AE—H—ThH s TBS F bL=—
PAMIFRTI U T AE— D —Ths2 e, BEUOVIal—
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Ta sl i o TTIBS FA=—E FTHEAE L 2ERVBELN
T2 b, vy TEEAEOBUKIEE) T IIBMEICH D & B 2
N5, Ko T, TBS FL=—06MEHT 2K HEK LIRS
L CHgic B CHRAEIE DB HERE 3 5 DI 2, MK T THEUKD
WIS R U CORARAE RN EIT L TV D AIEEER H D, L L
7235, Jade %A b IiX Hakurei A b & 7% > TRBHEITALE L
TEY, HEMOREIFE cm O m BEICEE v, 77 v
7 AE—H—ir OFALILMIE, BEZ S TiKICiihd Z &
TRBICILDMR SN, BEPRETS 2 LR TG 0,
Jade V1 b ClIMEET _EORALIL I THERE BT, WK
ENCTWVWEREICH D Z L0, Wb RFESICL <,
KRB/ GAR DTERU NI AN 2 R lC b D L g T X 5,
LRROBIKIEEIH & I TOIERAER T v 2B LTI,
FATHIZE CTH DR R COBUKREI L 2 = L—3 3 iR
Mo BREO VT FpnEsNE D, Lo, 3 00BKIEE
BEPEDN D 72 DELAAERR 7 o RTHED T A PO E TITE D
HOTEHRL, WIVERIEBEBUKIURICH L T—EERH D, il
DA MBI DRI OBER, SLAEREROHEE, &inliifo
FEER EICHERT 5 Z EnNWIRFCX 5,

6. f& ]

ARG TIE, IR EK R COREE /34T & i R Eh Y iE
OREGEROLDNCT B2, PR N7 7 R AW A —
AALT 4L UTCEE L, TOUGH2 % W\ TRIE M it o $fE
Valb—va U EER L, BEET L TOMERKS & PEE
oA, BOURERE, RERE, WERHFHEC LD T — 21k
SNTHREL, Yol —a UREROZY T, BUiEL R
FEOFFAESREM LA LI Z & THRIETE 1,

VIab—va UERELIC, B~ T v REGEVEE F Ofib
WISEIR DAL T B AN OW TR Lz, EORE, BOTEMIC
DI B+ e BUK BEONIT BN R S, SARERIIRZRIERIC
KD HEEERENZ ERHEID BT, £2, Ty v T ROIFK
DEOK DRI 8 & P DR AEDER & 720, K T O
WIEARARCTHDZ EEHALNICTE T,

Vialb—va UREBEGFRET -2 ICESX, 3 o0EUK
TEENEE M L 5 Hakurei VA b COIMALER T B AT LT,
WIHBPEClE v v TIBITRIEETH 57280, R H D EHE
KITWERD T T v 7 AF—H—0bEH L, AFOWKEIES
L CHESHEREE OSLIRFA LD IL K TH DAL~ 7 v RAERK S h
Too HMIERBEICIX, RHAE &R LI D 72 B BB KED F v
TR FEBIOBREN-Z2I2LY, v v 7B FMcE
WTEUKORITHED & A A U, SRR Sz, B
IXBEDOBUKIEENCAY L, BUKIEBIOMKRIC L v ki~ v R
JED & 2 O R ORIE T ORIBRANSED LI L > TS HICFRH S
N5 LT, BUKIEEIO LA Dragon 7 A =—IZB -7z, FHF
B TOBUKKEIY 2 2 L— g VRN D b REED YT Y
FRENPNTND Z LD, 3 DORKIFEIERE) & 72 2 iR
K7 1 A IR B SLR I L C— R S D LB 2
Hivh,

B, KV ab—va VITEAKOICERE & PRI RS T
D, BUKOALFHARR, 3 & OVRE OB L SR ok - Fig s v
MEERISEEBL, L0BERAWEETY I 2L —2 g V2T
W, AR T B AT AV ERERIET 5 2 ERROBETH D,

HEE KMIS-08C FAAMINE TIT i 7= (F 44 M /X Hakurei Y1
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