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Rocks and Minerals from The Hahajima Seamount in Ogasawara Sea Area
—— Aragonite, Precipitated Serpentine and Quartzine in Serpentine Mud —

Toyoto AZUMA, Takayuki KATOH, [zumi SAKAMOTO and Yong Ui KiMm

Abstract

The Hahajima Seamount is situated at about 20km west of the junction between the [zu-Ogasawara and the
Mariana Trench. Tokai University’s research vessel dredged amount samples from the 18 points on the Hahajima
Seamount since 1984 have revealed the topography and geological feature of the seamount. The estimated area of
distributions of serpentinites and serpentine mud accounts for only 2-5% of all surface of the Hahajima Seamount.
Therefore, it is difficult to interpret the Hahajima seamount as the serpentinite seamount. The tectogenesis of the
Hahajima Seamount is considered that the fragments of oceanic crust undergone island-arc magmatism are crushed
and uplifted and of upper mantle intruded or injected to that. At the point 2003-St. 3 near northern summit of the
Hahajima Seamount, serpentinites, serpentine muds with acicular aragonites and cherts were dredged. Serpentinites
and serpentine muds composed of mostly lizardite and chrysotile with minor amount of antigorite. Some fructure of
serpentinites and cherts include precipitated serpentine and quartzine. Roundness and grain size of these serpentinite
and serpentine mud are not sorted, and serpentine mud is unconsolidated sediment. The modes of occurrence of
serpentinite and serpentine mud are similar to the serpentinite landslide on the land. It is favor that a serpentinite
submarine landslide occurred on the surface after emplacement of serpentinites of the Hahajima Seamount. The
authigenic minerals such as acicular aragonite containing serpentine fragments, precipitated serpentine and quartzine
are precipitated from the pore water in serpentinite and serpentine mud. It shows that the pore water is rich in Ca*",
Mg?*, Fe?" and Fe®**, because these ions are supplying from the seawater flowing surface and internal shallow level
of the Hahajima Seamount with serpentinite.
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REHELE, FE—/NEFINCET 2/NEFERERED
FHA 110km, FU—/NEFR¥EEE <) 7 FiE L O=
HEBO VR 20km 2B T 2 MW E £ D ThH 2 (Fig.
). ZOREHEILZHFE —/NEFEIEEGCMEL T,
Z OHIEICIE, KFETV— N L2h 25 KEILTH 5/
YEWHEPEZEL TWS, BEELICBWTIE, <O

JeRE Bz 1F, Ishii, 1985; /NIl - HE, 1984MS; Govorov
et al., 1995; &EILZ A, 2002MS; X H, 2005) 231Th
M, KBEEEFEHE LTt bLic~ >y b A AE, XK
B, By A8, R=71 b2, HEBEEHELTF v —
b, BKE, B, B, BESERIATW S, REE
W oM SNIZELOMAEDLEERFA 74 4 74 VKT
(B 2,12, Ishii, 1985; fij)ll, 1999; Govorov et al., 1995),

FAEFRHIZ > a7 F A b D B [RINRSE
K15 5~6Ma & &b (Ishii, 1985; AHI1E A, 1994).
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Fig.1 Bathymetric chart in the Izu-Bonin Area.
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RN BT 2 BRHEIC L > T, RS hizEmAaR
Bl TEOFWBEESCENEED S, HEEILOFER,
fesrayEIl (213, Ishii, 1985; Miura et al., 2004), =
T4 474 CAEIE», 2005), HEWVWIEZFOVTNE
bE D (BERIEH, 2005) w5 HENRD 3,

SR i N R S AN AE o= BTk Y SR A N eSS S B e
b, REEYEILOFE (1984, 2000~20044E) WBTbhNTH
D, 2003FEDFEICB VT, BEHENILE Cleirse 7
7T A P ERECERERSERS L, KTk, BB
WILHZBWTHRINERER L 2SS 7734
N e TRERMEEARCE « O —Y 4 Y IZDOWTERE L, BEEEIL
TERR DRI DO W THET 5,

2. BEBLOMERE

1980, 1982, 19844FIiE, HEKZEUBEERFSLHT - FHEUL
& o TREBILORKS XU, ZOWEHK 20km O H#HiFE
HEEY (BEELO—I) cBwT, BEAENTbONI
(KH80-3; Ishii et al., 1981, KH82-4; Ishii et al., 1983),
19844F121F, FMERY, HEBRFIIEOMMEIC B W T,
RRFAE N TbN Iz (OPEX'84 - D-1, D-2, D-3; /M|
HE, 1984MS).

A (1985), Ishii (1985) 1%, HEALMHE KH-80-3,
KH82-4, KH84-112 X 28RIC & o THERLS, Ny
—Y¥A b, FFAb, TRAE, FvI4 b, BHrvAHE,
AaV 7, NIR, W, Jea, BIKEPERS L
EHE L, TORE»S, BEEILICBWT, O B
SN MHEECHMBEO S AL, FREMIC L > TEksh
TelEEINS 2k, @ HFETIKEEINATVIEE
FLRAEAE DD & it ORMRE R T 2 &0 6, T
HELARTIEREL U 2R D & 5 L& 2, [NERE R &
ATZ. L, RREBINCBT 2 MBS IZ DWW T,
BENMBORBRTH 2 REED DY, T OEHEFEICD
WTIERBRTH 5 (FH, 1986). HH (1985) i3,
B L2 BN ENIZAELGIZOWT, @ A"y AN—Y %
A4 b, BvAE, XREBIVR=F4 MBI TDH
D, @ HIEEEOSAFIERE L IE—BL 2w en
5, FE—/NEREINC B 2 KEIESORRETH 2 5
Zle. TNHOERBZVWHLO®S “X 74474 N OFEAH
AEbEamizLTEY, REMHLO X 5 HiMEIEE
2474474 VEAZERINA 7 4474+ (forearc
ophiolite) &MEFRL 7z (aHE, 1985).

Yamamoto et al. (1992) %, XA, NV o4 b, B
VABEB X OAREDOEE - HETESTTEITY, SO
REE X% —> & MORBEFETH % & L, AR K
FEET v — MEROMBE ST Lk T v 7
SNtz EHEE L 7. Maekawa (2000) 1%, /N>R —
a-77F /WaHEsRTHYHAGDE XY —
B+70F AR+~ Ay A ) —Xy JEIR+RE+T
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NoNA N) B KH-84 il ic B 2 854 olE L T
BY, BEZREFFE—/INER—~) 7 FEiEEL B
WT—RICED SN D LFERL Twa, L AR 2000 12
X 2 WML AE (#6323, NT92-05 fit i, #686 ¥ i,
NTI3-05 fifi¥g) OFELEIC LV, BEEITH (2005) 139
ITEER B HERUE 7 0 — 25 5 L HefE L 7z,

20034 = B ALyE KHO03-01 T, REEHELD» S FE—
AN IR R B 2 O NE R R N OB E - B A
T, ZORSR, WECHEE 2 KEESR S ey (kR
E, 2005) Z &%, BEHBAD ICHAT/hE W (Miura
et al, 2004) Z &nMwESNTWwB, KH03-03 TiE, dtb
ERILTERE (KH03-03-1) SPRFEBIITER T (KH03-03-4)
METY MVIMADABTHINVIIIN—Y v RS F
A MASKEICEIR S 1, TE RS & 13 B IR O KBS
DEERE N (HEIEXD, 2005). BERIZ (2005) 13,
[RHEHENZMERCEHLI T A 744 74 bTh L, Tt
KRS ORLER & LT % DORmMEICiELTED, S
ARZ U OIAR (20/19-15Ma; Okino et al., 1998) Iz
Lo THEU NE-SW HHEID 7 > A7 x — LMK &
S CTHREDNMENEBF LzDE, KFEESLV— b ERigh
% NW-SE HAID b 7 ¥ A 7 — L Wi 8 O I 53 i i i
Wi ) s edb B L, SRR ICREEB O TICED A
ATETe DITHIZIR 2R L Tl S a Il OSEa L &b
WCHERCE 7 u—Ic K o THTEIR D s hiz] eFz
7z. Miura et al. (2004) &, REEMEILIZIERCERELTH
08, ZORIZ/NEFWE DILARAAIC L >TT 7 =V
ZIZHIF S e “IRIE LIERCAYEIL (rootless serpentine
seamount)” Th 5 LB L7z, HIEIE» (2005) 1,
E¥FILNIERCEREIL Tl <, il e < > b v
D—FEYETH Fc B U Ok U7z, WiEEE L - CF
U sIcA 7 4474 VEKRTHD EF 202, T
bbb, BREWHLUOKEIZ W, MEEEELs», 474
X T4 Mp, ZTOELLTHRVY, TRELGrATH
% (Table.1).

3. BEBELOHT - thEHE

RS ¥ 1L AT T O #8313 R P 37K 8 6000~8000m Td %
DXL, AKEA000m 1 E LKL Ko T, [RIZE
BB & 2000m, NW-SE SEICZENTE D, Eihis
60km, EHiH7S 30km DEFEEET 2 (Fig. 2). AFIZ
2 (2003MS) 12 & % &, WL O HEARHE X HEE G < K
PEfhm & HEFE LT Y, B ZAE3000m (iTicBs T
RS ARG &R KXo T & % (Fig. 2).
VRIS TR A I 0 75 AT 280/1000 O AERI 2 £ L T
% (Fig. 2-line 5~8) 2%, HAIRIHE 12 B > TIEZKEE 2100
m, 3000m, 3500m {312 BV CEEMNEL L, KIE
2100m PA¥ T3 AT 70~100/1000, 7K EE 2200m~3000
m 137 T & 110~200/1000, 7K ZE 3000~3500m f5f T T )
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Table.1 The origin of the Hahajima Seamount

B 'é Ishii (1985)

- Ishii et al. (1992) - possibility except serpentinite seamount

2 g ..Etc

% g Maekawa (1999)

g 3 Maekawa (2000) » high-pressure metamorphic rocks in pumpellyite-

= % Maekawa (2003) actinolite facies

E=E ..Etc

g .9

(%‘ :% Miura et al. (2004) t- root}ess serpentinite seamount that the root was
5 ectonically eroded.

Q « The ophiolite rock body consisted of oceanic
= Ishiwatari et crust and mantle in forearc cropped out once on the
<, al. (2005) sea level and subsided again and was remarkably
o

crushed by faulting. It’s not mainly serpentinites.

“The Hahajima Seamount was an extension of the
Chichijima and Hahajima Islands and consisted of
andesites, boninites and tuff breccias similar with
the present Bonin Islands. The transform move-
ments when the Parece Vela Rift cut the proto-
Hahajima block NE-SW direction. The blocks slide
down as to the trench axis before the transform
fault on the Pacific Plate reached the present posi-
tion. The transform fault on the Pacific Plate rea-
ched to the Izu-Bonin trench axis then subducted
under the Izu-Bonin arc. The soft and buoyant
materials consisting of serpentine mud with basalts,
gabbros and peridotites, which were yielded at the
paleo-transform fault squeezed out to the upper
part that is the Hahajima Seamount forming a
chaotic rock assemblage, like an ophiolite suite.”

Fujioka et al. (2005)

Island-arc volcanic island added
minor serpentinites
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Fig. 2 Bathymetric chart and submarine geomorphological feature of the Hahajima seamount and the cross section
of the Hahajima Seamount.
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130~200/1000 & LR L 22 2 Rt 2 2 LD D, AKEH
KREL BB LI > CRIAOABIIA X < 72 2B R R
T, PEHIRTENICERD 515 X 5 RIEARA 72 AJECHT 260/1000
DO AMERL (Fig. 2 Line 13-14) 1%, HAIRHAETIZ b —H A EE
#71800~3000m LTI BV THD S 5. HAIRHAIZ 1T,
ZKER 3000m PAGE D ¥ BERIRHAT 12 B 1V TN > F HIFS 03F
ELTW3S, JEEBckEEf 1150m (Fig. 2-Line 2~4), 4
R AKEER) 950m  (Fig. 2-Line 12~14) 13 £ D 2 DD
E £ DD 55, KER 1200m O ¥E 11 TE_EEFH
2o DEE, LEHOFEE BB L2 200m, FEEOE
FORBLZ30mMIFETHS, JLEB L UOHEIBOEE D
DEFNIHE L OB L CTHEIRIE I TR TH
D, ZDOEE D ORI IZZAKEE 1200~1300m 1E £ OFH 7%
Wi (Fig. 2-Line 9~11) MEH3-> Tw 3, DI, AKFHIZ
» (2003MS) kv, dtEoEE D 2, MEOE
D ETHE & NS,

HUFARFC & 2 RFEEINC B 2 UG AR R R
F2H (1984, 2000~20044) Tix, HEBRFEAMNELEE
AIZ & > TERABELIBEITHON TV 5, Z OFFEflxiii%
% Table. 2 12, BHHEER DS % Fig. 3 1R,

JEHERTE T, 20034F St. 3, 20014F St. 4 0 2 #ii 5 T
BeaEN 221 53.6%, 100%, DHEETHERRS AT

WERUE LIS OIS £ 1%, 20034 St. 3 T3, AJKE
230.4%, LkEN10.7%, F ¥ — b535.4%, 19844F
D-2 Ti&, WHEH35.3%, BEV A H5M327.6%, Fv o4
FBEUY A aF A b87.3%, A3 THN2.2% OEE
TEIRENTWw5, MEEMTIZB W TIE, 20014F St. 5,
20024F St. 3, 20034E D-1, 20044F St. 1 @ 4 HiS DO FRIEH
T THY, 20014 St. 5, 20024F St. 3 TIIMERLEI Z

20024E St. 3 T3, RHEAE21%, MLV A H17%, v 1 0
T4 9%, XA 9%, ARNAKLVAEIYN, VTR
FTIAN9%, "IN —T A 4%, HE4%, Al
EHA% TH B, 20034 D-1, 20044E St. 112 B W T, HEHL
BHRDASAEBEIZED SNT, 2003ED-1 2BV T
BEPCE D 92.3%, BELV A EDT7.7%, 20044 St. 1128 W»
TRV IZA MREV A5, MRS NE Y A JICiD A
FNTARAHE LY A EPRREN T w5,

FRLERSEAETE TUE, 20024E St.1 0 1 HORESTTb R
TED, EED20%, BV A ED37%, KRED 30
%, F ¥ — b 9%, BEENIY OHEEGTHERINTY
5.

¥ 1L B AR T, 19844F D-1, D-3, 20034E St.1 @
SHIBHDOFRBTHN T WS, D-1TIEED 84%, X
REN4%, A2V 7 »12%, D-3 TREWEH 100%,
20034F St. 1 TIXMERUEM 3.2% E b T ICHINENTH
D, BV AEN3.2%, KAV 16.1%, BEAEL16.1%,
BEIKEMNT1.3% Th 5.

Tbb, HEMELILHES X 0L 5 1%, Fig vy
N=Y A b« FF A MERFEOWREE, KA, Frog
b, BV A E Lo T HRE A~ SREE IS L, B
K, A, BE, Fr—1F, 4074 FHERESNT

W5, BIKEREROBRD SN bDbH Y, FERHKERE
M. HPREPHIE S & 02 OftE 2 S &, MERCE, F

VoA, TRAE, By AE, fHRA, AlE, mrsn
JeBE LV A FICI D A - ARV A Bk EBEIRES L

T, IEECEIE, BRI L 2 BB RIS ISR D S 5
giipicEw stz Tabb, HEELTE, kel

T Y MV A S AERIEOIEREE D ILHE « BIHEICER S 3

N2 100%, 4% FI S e, BERCEBASM O T 13 ki s bIIRS KT 5 (Fig.3). [EBHILEA O
Table. 2 Dredge positions at the Hahajima Seamount (Tokai Univ.)
On bottom position Off bottom position
St. NO Date - - - -
Latitude | Longitude | Depth (m) Latitude Longitude | Depth (m)
1984 D-1 1984.6.6 26°28.31N | 143°04.68E 2535 26°27.75N | 143°02.48E 2120
1984 D-2 1984.6.6 26°25.94N | 142°57.68E 1300 26°25.95N | 142°57.14E 1160
1984 D-3 1984.6.7 26°22.09N | 143°11.59E 3200 26°21.59N | 143°10.27E 2830
2000 St. 1 2000.4.17 | 26°06.194N | 143°07.443E 2521 26°06.915N |143°07.051E 2515
2000 St. 2 2000.4.17 | 26°03.156N |143°09.711E 3110 26°03.107N |143°09.363E 2903
2001 St. 4 2001.6.6 | 26°26.357N |142°57.572E 1338 26°26.616N | 142°57.368E 1288
2001 St. 5 2001.6.6 | 26°12.164N [143°05.149E 1114 26°12.588N |143°05.498E 1042
2002 St.1 | 2002.5.28 | 26°21.900N |143°02.005E 1538 26°21.971N [143°02.291E 1577
2002 St. 2 2002.5.28 | 26°22.264N | 143°06.510E 2338 26°22.283N |143°06.162E 2254
2002 St. 3 2002.5.28 | 26°17.673N |143°03.866E 1230 26°17.693N |143°03.652E 1228
2002 St. 4 2002.5.28 | 26°18.011N | 143°05.599E 1516 26°17.935N |143°04.981E 1481
2003 St.1 | 2003.5.17 | 26°24.704N |143°01.848E 1896 26°25.573N [143°01.438E 1857
2003 St. 2 2003.5.17 | 26°25.743N | 142°56.184E 1303 26°25.970N | 142°56.339E 1249
2003 St. 3 2003.5.17 | 26°26.755N | 142°55.989E 1151 26°27.046N |142°56.727E 1149
2003 D-1 2003.5.28 | 26°14.385N |143°05.574E 1291 26°14.195N |143°05.877E 1402
2004 St. 1 2004.5.28 | 26°13.184N |143°02.320E 1174 26°13.829N |143°02.769E 1066
2004 St. 2 2004.5.28 | 26°16.023N | 142°55.201E 2608 26°17.736N |142°56.615E 1514
2004 St. 3 2004.5.28 | 26°21.070N | 142°51.255E 2486 26722 .005N |142°54.552E 1589
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Fig.3 The dredge sites in the Hahajima Seamount, and the dredged samples. No rocks were dredged at the sites
shown by gray symbols. Sample means the number of samples. The ratio is for the number of the total
samples in the site.

: Bouseimaru, 2004 (Tokai Univ.)

: Bouseimaru, 2003 (Tokai Univ.) from Kamikawa and Amano (2003MS) in Japanese

: Bouseimaru, 2002 (Tokai Univ.) from Takayama et al. (2002MS) in Japanese

: Bouseimaru, 2001 (Tokai Univ.) from Takayama et al. (2002MS) in Japanese

: Bouseimaru, 2000 (Tokai Univ.) from Terashita and Fukuie (2000MS) in Japanese

: Tokai Daigaku Maru 2nd, OPEX’84 (Tokai Univ.) from Ogawa and Higure (1984MS) in Japanese
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NEHE, RESHLOSEN « SR

AIKE» X, NEFEE TR s HELOF > 2 bha
PRDHDOSNTBY (FT @K, 2000MS), REEHILF
FTCENEFRBEOMMBPEI > TwiEEZsRTY
3.

EHETRZ &, U IdbEs X ORHE O BRYEHI S T
B S 3B D 50% U B EFEE TH % 48, R EHE
T 20%, HEIRHE T3 % &4 %, HERE I HEIR
HIZB W CHEE TGO 710% U EZ2 50 Tnws, X
BE, NvoAg b, By AEE o KBEEREE, s
X OEEHESE D, HROESEHEENIC S S L TE D, RAIR
HTRIFEAERDSNB W, ZRE ARSI,
Maekawa (2000) #% KH84 ffi#fg » & 1K O & E 2 5K A
SR ) —FH-727F A 2ZRHELTWS,

4. FERXhi-teERET7ZTFA b -
B MR c O—Y 1 >~

2003 FEEEEESE M IC B W T, dLHETE EfTRo St.
3 (Fig.3 8 X O Table. 2) #FICE T % &K 50m IF &£
D L 1FH (Fig. 4) 2 SfFIK A% R T IERCEE O SR 03
B S 7z (Photo. 1), St.3 BV CIXHEAHI > 7 F
(B 57X 34x20cm) 2 D TEF 62000cm® D FE}HERIL &
NTBY, D55 23200cm® (DB L % 38%) neE
BERTH > 7z (Photo.2). Z OFRIRHIL 2 S 13 AT Tl
NHIETRRGE, AlkE, XA, T v — PEIRE R
Tnw5,

4.1 9ERCE CILRMEIERE - O—Y 1

[FIERIR S TR S M7 HERUE 1F, AR 21em, P
BT ~1lcm OHAEE~THMEETH D, AECHBEZEN
Thsd. AR - FOLBEMSE T ORI, BEEILCET 2
ERCE DR (R, BfEH) LIEFICIBTws, 3L
ANEDBERHIC T A VLRDS A a—F 4 v TBFEL
Twas, WK E TR ZRL, BALrER - ZE7FR
DHEATZD DR FECTHAL TV, JFEEST 1 o
WIN—Y A NT, 7ubF5=2F5 % (Mercier
and Nicolas, 1975) %7~ L, #IESEMIEZS F A b OHE:
MABLAREWED A RN, "NVYN—Y v 4 hDH
G DAL AR EDEORITEEH, MEOAEXINVTH >
leeFzonb, DASARIZY LT A vV Y F A4
Wy BIHHAIINAS A MZERZFhEELTBY, K
AR D DA TH S (Photo. 3). RIHMER DR K
B 1lmm 282 2L 0KRSSTHEZRT LD LD 5,
AE A NVIEE0.2~3.0mm, EREE~EHE, BT
D CTENIZEFE2RT (Photo. 4), NV N— v A
MRETE, fIEORAEAVDOADEEE, ZHIZBEDA
EXVBEONIGEERD L, T4 MRETE, BEOX
EARNDEHILDW, MO NVBEES . D 2HEERSE
WCEBSNTED, INS2b0IRSEEICHSILcERS
TWa, XS, VYEVS AN, 29V 8 40N, ToF
T4 N, WL, TV—HA N, M ud—J4 N, 75—
YA (?) THhD, AERREIFMEEERERT VPS4
F=2 VYV ZANE, Ay O RERC R R R T
(O’Hanley and Wicks, 1987), VHL A v 7)YV ¥ A4

Fig.4 The submarine topography in the near St. 3 in 2003 by precision depth recorder.
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Explanation of photos

Ara=aragonite, Ant=antigorite, Chr=chrysotile, Liz=lizardite, Ga=garnet, Mt=magnetite, MX =matrix,
ASP=antigorite serpentinite, LCSP =lizardite-chrysotile serpentinite, Pya=pyroaurite, Spf=precipitated
serpentine, Sp=spinel, Qt=quartzine, () means pseudomorph..

Green-gray gravelly serpentine mud with and needles of aragonite dredged at the point 2003-St.3

Gravelly serpentine mud with and needles of aragonite dredged at the point 2003-St.3 located near
northern summit of the Hahajima Seamount in container (57*34*20cm) used for dredge. The

Bastite altered orthopyroxene is observed. Mesh texture consisted lizardite and chrysotile is also

Precipitated serpentine is cut chrysotile altered to pyroaurite. Generation order is following; 1)

Precipitated serpentine is observed in crack of chert. Quartzine is also observed in precipitated

Serpentine mud dredged at the point 2003-St.3. The acicular and hexagonal aragonite is observed.

Photo. 1.
located near northern summit of the Hahajima Seamount.
Photo. 2.
dredged quantity is about 609§ of that container.
Photo. 3.
observed around bastite.
Photo.4. Anhedral spinel cutting by chrysotile is observed.
Photo.5. Antigorite is observed cutting mesh or sandglass texture consisted lizardite and chrysotile.
Photo. 6.
weathering, 2) generation of precipitated serpentine, 3) weathering.
Photo. 7.
serpentine.
Photo.8. This photo is enlarged Photo. 7. Quartzine is a chalcedony characterized length-slow.
Photo. 9.
Photo. 10.

Serpentine mud dredged at the point 2003-St.3. Garnet is considered a grossular (?) or a hydrogros-
sular (?) and that occured Ca-metasomatism. Dust-like magnetite is also observed.

NZHANRTERE 2 EEERTEER T > F3 74 Migd 4.2 weRRRET7 21 b
BHERS N, ERIRO7 > F 35 4 b » Bladed-mat #H RO YR IO 2 R RS D& TH 5 (Photo.
% (Maltman, 1978) (=interpenetrating fHi#; O’Hanley, 1, 2). BB M LETH2H, KZE0.063mm LA T D

1996) ZaRL, VY¥LFTA M=V VI ANDRy ¥ 2
Bat-> CHEEKT 2 (Photo.5). 2o DffEkz2 S 51
7)YV A NBARRICE > Tw b, BEEkEIEZ, AERILD
—EE R EREERT LD DODIEH, £0.03mm LT
DY A MR CHSCAIRTICEHE £ 7213 EET 5, 7Tv—
4 M, WRIKEERL, Xv¥affli&oduiiciiitie,

Fix 70 VA NVRICEES TIRIRICAERD S NE, —
KD 5B, BALIEHIC L 3 #2538, 254
2t —74 b (B LFa—VrFrq L), r—%A4 l\ (?)
Thab, Aut =74 bbb LIFa—=V A1 eFz
SNHUMIFREEEZEL, 7V VI AIVIROZERL X v v
2 HBEOTLERZRLTWE, F—Y A+ (?) BREN
2L, ENHBWICERL T, (EFEGRE OZRAT
T LIz F 2 onseRch (Blz2 1, Lapham, 1961;
KEIZ D, 2004; HEEIZ 2>, 2004) bSO S5 (Photo.
6). PEBMEMEHCH IS E B X OCEIETTME S, BER
T, VFNMTA N=2 VI IANDRAy ¥ 2 i E2T]5 &
I EHRRICER L T 2Bl FBH oD, 20D LD R
MR F ¥ — P OENHIC bFEH 515 (Photo. 7).

ZOHNTIZ FNICEE 0. 1mm 1F £ OMALTRE D FE FIIRES
bROON, 3= 4 YOEEKE %> T3 (Photo.
7, 8. A=V 4 YEAINER=—D—FETHDH, IEDH
RERT I ETRHREMAT oD, RARTOERBNI IR
Diel, K, Fu<A ~REGER, MREERED
WE s E o DERBHSNTE Y, Mg? (Folk, 1975:
KRBT D, 1987) 0 Fe?r<Fel* o BBz ~ (INEEIZ 2y,

2001) THEE SN 2R ER SN Tn 5,
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REZTTRL, WEKTFPZLLGEN5. I I TIHIERA
JB & MERUEBEDS 50% KD, F & L THREE2mm LUTFD
Wy ok 2MECERNTOREE LTEET S, &
DRI IE, B em~10 5 cm O f R~ T A B Y
10% BAL T3, BEMEITIEAEBLOFvy—NTHD,

WERCE DR 4.1 i Tl 7R e —8 T 3.

PRI & M7 e TR O & BER 1T 6.5%, SRPIIZE
¥157.5%, SIRFIFFEE36.0% ThHh, AXRHF—LES
MR & 2 MRS (IERBRE (5 3 RIGTRR)
REZTAS, 1990) 1CHD HESETIE, MRtz
a5 (Fig.5)., BN 2BRwiz, WoH—RMLas—y b

SEARCBWTY, BWHOZ W ARSI, MHEGE
HOWEREEH T XY FEFYEBEN I 7oy »3h 3 (Fig.
6). MERUEE QR FIEARIKE T, £0.5~5.0mm, &K
£ 10mm O fAEE~THAEECch 5, BEREIZY YLV 4 b —
70V YA NERCEINTET, 7 F T 74 MEECE b V&
HEND, WHOTERBRE SREEEHOTTCED, &
MERZZ 0 Cwa EFHz o5, F5~20mm, JKHE
~BHERTER~ERIRO 7 5 TF 4 b5 40~50% &
FNn3 (Photo.9). 773+ 4 b ORESMIT EROH

P TR CH 5.
TRIGEAIMEE T T3, IERalRh O 7 »F 37 4 MER

B, EEWRO 7 v F T 54+ » bladed-mat #H %
(Maltman, 1978) (=interpenetrating #H#%; O'Hanley, 1996)
ERT. VPN A =20V YA NVIERCER X, A
ARDEEHBETH L INVTA F =2 VYT A VDAY &
2 fHFE D U IZ0EREHESEE (O'Hanley and Wicks, 1987)
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fine-grained fraction

@ : Hahgjima seamount|
O : Sambagawa belt

50 50
O
o
gravelly soil sandy soll
gravel sand
gravel fraction 50 sand fraction

Fig.5 The soil classification of serpentine mud based on triangular coordinate display method
of the unified soil classification system of Japan. Data for the Sambagawa belt is from
Katada et al. (1994).

clay

. Kamuikotan belt
@® : Hahajima seamount
O : Sambagawa belt

sand A A, A, A ;IID A A, A, A, Si“

Fig. 6 The soil classification of serpentine mud based on clay-sand-silt triangle coordinate.
Data for the Kamuikotan belt (serpentine landslide sediments) from Noji and Hori
(1989), and the Sambagawa belt is from Katada et al. (1994).
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L, —587 VY I A VPBHERESGDOIRE L TR &
N5, ACRNVIEE0.15~0.5mm T £ NICTESEIE~DZE
BEgn, BREOEET S, B2mmUTOR T2 5
7 EEE, ECHMRRRCE R, BEREE, 77T A b
MO, A—%v bbAdEEENS, (Photo. 10), HE
BUERZEL.0mm U TO b ON% <, AM~THHETDH
b, BREIZEL LTIV LS A =20 Y F A NEERCE
T, YEOT I T T4 MEREE R E . WS, A
S AFDIERCEL T BBICAE U2 0.02mm LT D 57 A
MEODHD, BEUOAE RV ERZRLIZZE0.15~0.5mm
DIRD b DD SRS, 77 TF A4 bFEERTRA
Ff3.0mm, WiaIZAAEEZET S, 773714 M ZE
NICKERCER 28635, A—% v MIEE0.9mm IFD
ROk« i TEBERAERL, Z7uyyaT—3 L IENAg
FazZaysyas— (?) Ths.

OEHHER % Fig. 8 wRd. Fig. 71, 77354 @
PrgmnEElE Th 55, VEOIERAOEHHE LR TS,
WEMER T O E b — T 5. Fig.81%, VYL A b+
70V A NDEHRSIEEZETH Y, D EORIEH PR
SORHRLHERTE 2., FHIBETRDONT v F T
4 M, BEDD X HBHREHTICE W TIIHERTE
winoiz.,

=

<

5. %

5.1 HEAIENST « BE & BB DM

RESHEIL T, MEECES Z OJRE T H 2l E a8
WILEE» SIS T WS, dHE - FFHECIRERIGR
DE50% LA L, HIESTIX 20%, HEIRETIE 3 % &,
Bl e b o 2 Eitas 0l 1By, L5, XK

7o aF 4 +OFERB & TR O X SRR E T 2 H FvoAg b, BUVAEREDKEEDEENEL, B
To7. 77354 FOEFFER% Fig. 712, WHHTRE Branzb Db FEIRENTWE, IS KEEICEL T
T 1000 T T T T
3 I ' :
= [ [ [ {
Ara
e s 3 Ara |
| | ! Ara |
| ] | | Ara
! (Ara | | J Ara | Aa| |
. I Ara Spara | | Abq 1Ara |
L | s It |:J. :I L Iu I
N"".-'.-.,._ wmwu!. ___,'-ph_ - ,.ﬂ'ﬂ ﬁ?__ 1 Il! | A..t? | 'A':u | 1) n;l I!.i ﬁ.llrﬂ _ﬁ.rli}&lll'ﬂ
o I rr et Alarachish L o ettty il o = e e ] "::“--._—i‘+ =l
10 20 . 50 Cukla—28 (" )
Fig.7 The result of needle-like aragonites by X-ray powder diffractometer. Analyzed by Koki Saito. Conditions
for X-ray diffraction measurement are following: Target: Cu, counter monocrometer, Slit: 1° -0.3mm-1°,
40kV, 20mA, Scanning speed: 2°/min, Preset time: 1.5sec, Scale range: 2000cps, Hardware: XRD-6000
(SIMADZU). Ara=aragonite, Sp=serpentine.
5 1000
o
e
1
500 fi | |
| i‘.l'ﬁr | |
h /| | [ L | |
f e g | L mt | .
i, . 'Chr | Chr | pat
o D R N B gy
p+— - 70 m 3h—. S ..:D ﬂ] 50 —
CuKa—28(" )

Fig.8 The result of serpentine granule with mud-like matrix by X-ray powder diffractometer. Analyzed by Koki
Saito. Conditions for X-ray diffraction measurement are the same as Fig. 7. Liz=lizardite, Chr =chrysotile,

Mt=magnetite, Chl=chlorite.
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¥, Yamamoto et al. (1992) ® MORB {5 DT #E &
WHEOEAT I E 7213 N 7 v Faniz, AEIEH» (2005)
DEIHIRTH 2 L WIS HENI N TS, HEREFIIRE
HILATE CHEECH 5.

FERCEIR ) PNV AL b =27 VY ZAND Ry S 2 flfkH
HELTBY, HEREEORE ClestabIEH 25
Sl EERT, TYFITTA4 MROEFEEEZY P57 A
b =20V Z A NERCEE D _EFPICEROBOK S EE L 72
FEN DI ERBRT, HEVEIVIFLTA N—=T V)Y
7 A Vhekras ERAC, TR EEICHEEL TOWIETE
BeBESATDOT v FTT74 MREED KEECE 2B A
ATEHTREME D & 5. BREIHEEZERK O ARSI 2,
Maekawa (2000) 25 KH84 fit¥g» & 1K E O & HEZE KA
¥R —FH=77F /0AH) 2RHELTwE, V¥
WA N=2 DY F A NVIEREER ARE D & 5 KRR
&, Maekawa (2000) O/RLUCEEERENEEL T
W3 &S RERIBIERIE S A 7 NSRRI TR N X 5
THAT 2 Z EbHRETH S, LL, Tl d 2 X5 1cHt
BHEILSERE 20 X512 L TR S zieieEE e LT
ST 2121, WECEBEROSRD RN E WS FIERD
5.

Sl U7 ehiai L MR 7 T4 A b 2ok &
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TEHEORNETH L, MITEHRTOT 7 b= 7 2ERK
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WEN LT W EOMR%E L5 2 20, REIZHY (F
Hi - $E, 1989; Fig.5, Fig.6). F 7z, MHUAMT Xy »
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By AEL BHNL MO TS (BI2I1F, Bphb - 8
AR, 1977). $kxbb, K TR L EERCEIE L ERCA
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REMEDSEI V. SO 2 LIRS O —E YRR TE T O Mo
SERENT WS L ») BN aRE (Fig.4) »5 b %
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%, HEOWSCE SIERCEHITN) Th 2 LR 2
&, k& - BHIFORICAEOIZE, F100~300m, &
SRABKkmBEOLV > RO/NRBEERTHL T2
RERMMTIRETH 5. 2D XD ICE 2158, BEWELOKE
BUA DS, REEBLOHRBELIZL TH2~5% %
H® 2 IzlEE 2w (Fig. 9). a0 sfmir sz L,
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B2 EA54%, Yamamoto et al. (1992), I
(2005) DL EFET 5 L, REEEILIZEIKRIGE %2
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SEFRE NI T 7374 M iE, WA RHICEEL,
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ZD77TF A4 b EAERL T Ca DEHFETRIZ D W TIEL
TOXHFEz6N5,

R SR R IERUEEE S B 5 T Ca 2 R4~ 5
% (B 21X Coleman, 1971) %3, MR LIERAZ 2
BRI 124 40°C % 2 5.5 O T (O'Hanley, 1996), gL
BERDD R &b B I EDEE IR > TS 2k
DLETH B, REEMILORRCE L, ko X5, T
AN HEREY) % BR T IEEBO S I3RN EF 2 s, HiRA
EATEATH 2 28, MU R OIS 40°C 28 2 2 H 57
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Fig.9 The conception of distribution of serpentinites in the Hahajima Seamount. The area of no distribution of
serpentinites is interpreted from the dredged points of no serpentinite to ridge. The uplifted area of
serpentinites is estimated the dredged points of serpentinites, even if that amount is tiny, and topography of

the Hahajima Seamont.

b SPTEMEERCE, 32— 4 Y RERT L EEPSICE
ETLEHEZOHND,

77 FA NRANTA N DRSNS, BELET
1%, WERCEIEERICHES Ca B BIREADIEY & LT
(B 21X, Barnes et al., 1978; #£#1Z 2>, 2001), H 5\ ik
WERUE R %@ 5 Mg I8 &, Do Ca % & (R TK
DoOWEHE LTEST 2 (BIzIE, KE&iEr, 2004).
YIS 5 1k Fryer et al. (1990), MOEEIZAs (1999) AT
EHILTHZ A=A NELTANVIA b« 7T7TFHA b

95 3 35 (2005)

OB Fh=—RWHE LI, £, TT7TF AL HY
AN TN—H A b SRED RIBIE T A= =230 30° D
RPGHERRAESEVE T & 8010°C ORAKOEY & L THF
RanhTsY, BECEIERZHES tHF2ohTwD
(Kelley et al., 2001).

LU, SREEBELUTRE L7 7374 MIBUKE
HFLCHES FA=—2R L TE 5§, Miaeh o/
WAERL TWwb 0T, WHEEERICHES & Caiikdyr o
L7z bDEEFZIc v, 77314 b DOERKIZIEH

73



BBt - hEEEs - K

BT AD O Mg % Ca & e[ ADS, Mg IZE &8k
YT b % UBIERERUG &2 £ L 72 R DRy 75 Ca IRE O
AT S THEAL L 22 FTREME DS .

6. £ &

1. BEHEINC BT 2 IEHEE ORI Ty S 2 (T
FEELHY 2 ~5 %), HEFEAE < B IE £ 721X MORB
IO KA L, REELSESEEELTH 2 &
W EFIIREETCH 2,

2. REEWEINE EIUKERIEE) %52 1 72 B~ > b oL —Hog
Wi R DS S L, MERCE RITEIRVWIC T 7 b =v 2
R« EE LA REME DY E .

3. SEER U 72 ERUh R 3D h3% &, $HIRY 5 a4 A
N, WEMEEERSCH, 2=V v EER, T/ =y
W2 LR L 7 RUE IR OV T N D Y Th 5.
RBHRO7 7354 Mg, WECEHT XD HEREY T O
Mg - Ca IZ & L[k &, Mg IZE & EEhca
iz k5 CalEE LRI X o TRESR L7 HJREMEDN
L, A=Y 4 b IDLIRBETTER L EHEE
ahb.,

& B

AWtFRIC 20, EEIME - HAETRKS L CEEN
FHE DT ZIZ, WHEFEEPOLZERMEs L UHRIEH
BEORINZ LD, AFRICBIT2EELRE 2L Tw
7272& & Ul HiHHEEEE (uEERKEHERERER
HHI) 121, BEEINCBET 350 - SEFENERE L
TW/e2& F LT, RIGHREER iR E RS
B, #KREERl R¥ARFRFBE), AN{TF, MGk E
(IR F A RERIE) ORI, BEELOME
Bt 7 — 5 DR L Tnic & L,

WL TELIB#HOELZRLET.

SE

Barnes, 1., O’Neil, J. R. and Trescases, J. J. (1978): Present
day serpentinization in New Caledonia, Oman and
Yugoslavia. Geochem. Cosmochim. Acta., 42, 144-145.

Bonnati, E., Lawrence, J. R., Hamlyn, P. R. and Breger, D.
(1980): Aragonite from deep sea ultramafic rocks.,
Geochem. Cosmochim. Acta, 44, 1207-1214.

Coleman, R. G. (1971): Petrologic and geophysical nature
of serpentinites. Geol. Soc. Amer. Bull., 82, 897-918.

TERRERE (B8 3 BIETIR) MmEZEAS (1990): LB R
D LR, HE TS, B, 615pp.

Folk, R. N. (1975): Third-party reply to Hatfield-discus-
sion of Jacka, A.D. (1974), "Replacement of fossils by
length-slow chalcedony and associated dolomitization:

74

Jour. Sed. Petrology, V.44, P.421-427.” J. Sediment.
Petrol., 45, 952.

Fryer, P., Saboda, K. L., Johnson, L. E., Mackay, M. E.,
Moore, G. F., and Stoffers, P. (1990): Conical seamount:
SeaMARC II, ALVIN submersible, and seismic-reflec-
tion studies, in Fryer, P., Pearce, J. A., and Stokking, L.
B., and the Leg 125 Shipboard Scientific Party, 1990,
Proceedings of the Ocean Drilling Program: Initial
Reports, Leg 125: College Station, Texas, Ocean Drilling
Program, 81-94.

FRRHORER - fR it - BT - IRIE= - fepEfis - =
5 e ARk (2005): R - NEFILE < ) 7
SETBCALE T 2 BB OKE I T 2 —3Gm,. AT
Bk 54, 51, 130-136.

Govorov, I.N., Palandzhian, S.A. Tararin, 1. A., and
Konovalov, Y.I. (1995): Ophiolites, Boninites, and
Basalts of an Inner Slope of the Izu-Bonin Trench, in
Tokuyama, H., Shcheka, S. A., Isezaki, N et al., eds,,
Geology and geophysics of the Philippine Sea: Terra
Scientific Publishing Company, Tokyo, 279-309.

Ishii, T. (1985): Dredged samples from the Ogasawara
forearc seamount or "Ogasawara paleoland” - "forearc
ophiolite”, in Nasu, N., Kobayashi, K., Kushiro, I., and
Kagami, H., eds.,, Formation of active ocean margins:
Terra Science Publishing Company, Tokyo, 307-342.

FHEER (1985): 4 7 4 4 T4 b O — BilEiELL O -
WY YAZ7 = T7HROA 7 44 T4 +—. BFIHER, T,
no. 12, 680-688.

AHEERK (1986): INERMEE > SEES N F Ly Yk
BRI O 16—, HTIHER, 8, 510-521.

Ishii, T., Konishi, K., and Okamura, A. (1981): Description
of samples, in Kobayashi, K., eds., Preliminary Report of
the Hakuho Maru Cruise KH80-3: Ocean Res. Inst.,
Univ. Tokyo, 105-163.

Ishii, T., Konishi, K., Naka, J., Futakuchi, K. and Ohara,
H. (1983): Description of samples from Ogasawara fore
-arc seamount or "Ogasawara Paleoland”, in Kobaya-
shi, K., eds., Preliminary Report of the Hakuho Maru
Cruise KH82-4: Ocean Res. Inst. Univ. Tokyo, 167-189.

GHBEEK « NERE « HAEAC - M HE MR (1994): 5 -
NEIR -« = ) 7 EERA WO < > b VE —Ei - B
WL - BRI O L~ > M VIcE B i —. BT
Bk, =4, 9, 35-40.

OFHMERK - K= mEeryr-HillgEf- VFv—F 7
4 A (1992): BSIREIGE O R~ > b VI E 2 HUE W
HI.

A BH - MR - 22 R - KO 1B - AFRERK - T
]« ANR— A - HEE B (2005): NAE ISR IN O BB i
WA 7 4 4 74 S pRERCERIL» — F Ly VERF DR
W—. HTHEK, 5S4, 52, 140-148.

ENHE - REFEFRK (2003MS): BFEH#E L O — 2 2 AL
2003 EEfERARL & U —. BRI AR R
REZEE L.

FHREZ <R - ROFZ - MR 3 (1994): 588 kE

B YN WS e



NI, REEHEILOES - S

BUEHIR OMF XD Rk, ZE33EI HAM T ) 2R
FAEEE, 99-100.

TR - AT « BERERER (1999): =V 77 J HiglE,
3 = VLTI S Wiz KB T A = — Dk - TREIE
firfk. JAMSTEC &¥ghfse, 14, 213-211.

TgEESE - fgekt (1998): MERUA OB METTH. HAR
s P B 2 5 b S BRSO EE T e e R = F i T e
£, 18, 26-29,

EEZE - JINGA-IE #Hr-FHERE -ELRTA
(2001): 22— < Vg, PH)IEHRES CET 2 /680
a0 7 3 —2RA Ve R =—, HARHE A b S
20004F- B SR pl<s - G B L, 1-3.

TBESESE - AR SERL - 0 H - FBERAE (2004): [AA
MR | OFE - HEETICB ) 20, HAMEZRESE
1A SRS E, 143pp.

Kelly, D. S, Karson, J. A., Buckman, D. K., Fruh-Green, G.
L., Butterfield, D. A., Lilley, M. D., Olson, E. J., Schrenk,
M. O., Roe, K.. K., Lebon, G. T., Rivizzigno, P. and the
AT3-60 Shipboard Party (2001): An off-axis hydrother-
mal vent field near the Mid-Atrantic Ridge at 30°N.
Nature, 412, 145-149.

ARRHMZTF « $REER] « MERSEAE (2003MS): REEHEIL D ¥R
2 & M, RO R e i b IR R AR S A

Lapham, D.M. (1961): New data on deweylite. Am.
Mineral., 46, 168-188.

HIJIERD (1999): T —/INER, <V 7 FHiIC B 1T 2
BEERF O &~ > bVvIE O, ATk, =
4, 23, 99-106.

Maekawa, H. (2000) Comparison of genesis and tectonic
setting of Jurassic and Cretaceous high-pressure
metamorphic belts in the circum-Pacific regions, in
Okada, H., and Mateer, N. J., eds., Cretaceous Environ-
ments of Asia: Elsevier-Science B. V., 169-180.

HTIERD (2003) 7'V — bR AABRIZ BT 5 WEHCELIE
H. Hfiisk, =45, 43, 67-74,

AR « shi et - A FHPmERk (1989): A4 7 4 4 2 4
b, HIEEHERE, 98, no.3, 55-65.

Maekawa, H., Shozui, M., Ishii, T., Saboda, C. and Ogawa,
Y. (1992): Metamorphic rocks from the serpentinite
seamounts in the Mariana and Izu-Ogasawara forearcs,
in Fryer, P., Pearce, J., A., and Stokking, L., B., Scien-
tific Results, Ocean Drilling Program, Leg 125: College
Station, Texas, Ocean Drilling Program, 415-430.

Maltman, T. J. (1978): Serpentine textures in Anglesey,
North Wales, United Kingdom. Geol. Soc. Amer. Bull,,
89, 972-980.

Mercier, J-C. C. and Nicolas, A. (1975): Textures and

95 3 35 (2005)

fabrics of upper mantle peridotites as illustrated by
xenoliths from basalts. J. Petrol., 16, 454-487.

Miura, R., Nakamura, Y., Koda, K., Tokuyama, H., and
Coffin, M. F. (2004): “Rootless” serpentinite seamount
on the southern Izu-Bonin forearc: Implications for
basal erosion at convergent plate margins, Geology, 32,
no. 6, 541-544.

KEGSEIR « /8 B« NS - REESK (2004): wERCE
M B 2 IR R — iehUa R~ CO? [EHE 12
W TOFF 2707 Farifsk—, AR - ZMFEEES
K<z, 100-103.

AREHIBED - BER - WA & (1987): BRI KEFH
HHF o length-slow chalcedony (2 DT, HEFARTH
¥k, 38, 113-130.

BPHIIELR - SE PRR] (1989): MERUEHIT D & REACK 1O
TE., HAM S Y bl S ORI e R i
X, 36-39.

PPHITEGR - SR (1977): JLERACYEE I 5376 3 2 RERUE
M ORI R - GBI, 251600 HAH 3~ 0 25,
SR,

INNFFER -« HEAN (1984MS): /NEFREHEEILT RV v ¥
SNT AR, BRSO E IR R AR 2R

O’Hanley, D. S. (1996) : Serpentinites-Records of Tectonic
and Petrological History.,, Oxford Monographs on
Geology and Geophysics. 34, Oxford University Press,
Oxford.

O’Hanley, D. S. and Wicks, F. J. (1987): Structual control
of serpentine textures in the Cassiar Mining Corpora-
tion’s open-pit mine at Cassiar, British Columbia. Geol.
Assoc. Can.-Minral. Assoc. Can., Prog. Abtrs. 12, 77.

Okino, K., Kasuga, S. and Ohara, Y. (1998): A new sce-
nario of the Parece Vela Basin genesis, Mar. Geophys.
Res., 20, 21-40.

VepE 5% - BRHSET - HHER 200D L#HA4 ~— >
TAXTA MCERTZET VA Y R LB O #ERAL
. HIEGRE RS RIS TR,

RIS - FEPHR « BRS¢ - IUHE & -/ 814 (2002
MS): /NEHER, BEEL»S FLryYsnlcah—X
BOR=F4 b L T, WK R e A IR
BI2EZEERIL, 175pp.

FTEIG - R W (2000MS): /INEFEGEEHE T O RS ELL
F OIS NI AIKE, R E IR RIS L.

Yamamoto, K., Matsutani, Y., Nakamuura, N. and Ishii,
T. (1992): REE characteristics of mafic rocks from a
fore-arc seamount in the Izu-Ogasawara region, west-
ern Pacific, Geochem. J., 26, 411-423.

75



76

WOBt - EEEE K R & AR

= 5

REEHEIE, BE—/NEFER &~V 7 71 £ OSEOPER 20km ICAE L TW b, MEECEOOAR I, ik
THREHEILEEDO 2 ~5 % X3, HEELUITEECEELTH 2 LW BRIIRETH D, EIKBIGEE %3207
Eif~ > by —HGRET R DSBRE S h, ER - BB L EFEZ 6N D, 20034EE St 3 1B AR T, WRUE - eEH
B, Fr—FrBLUERROT 7 T A P 2EREE 17z, WERCE - MERCETRIZ Y U8 A b =27 ) Y F A VSHEBL, 7~
FITIA4 MRENICHDSND, WAL T ¥ — b OENEIC BRI 2 —Y 4 VR s N5, HEBEPRE
EAREIR CHEE IR TH 5. TEEUE « MERIRIB D EERIERE Fic B 1) 2 HEEUE T D OFER EBLTH D . IEhUEE
BOWFEIC BT B UEHCEHLT X0 Y CTh 2 ATREE E Vo SRR TR 2 &7 2 374 &, WEEERGea —
4 %, WIEEOREECE « BRI ER L Twa, Iho i3, BT oesch e 2 fBh s 2 Rk O A D
Wz T, RENCB T DRERCEDEILIERIC X 2503 0, Ca*, Mg?*"  Fe*t«Fe’t I EICE ATz s
7z

B YN WS e



