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WHATS: a new multi-bottle gas-tight sampler for sea-floor vent fluids
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* %k

* We report a newly developed water sampler WHATS (Water and Hydrothermal-fluid Atsu-
ryoku Tight Sampler), for collecting seafloor venting gas-rich fluid (or gas itself) at in situ pres-
‘sure (Atsuryoku means pressure in Japanese). It consists of four 150 cm’® stainless steel sample
cylinders, eight ball valves, a motor-driven arm, a rail, a peristaltic pump, and a flexible Teflon
tube connected to a titanium inlet tube. The motor-driven arm on the rail can open one of the
“four cylinders. Then, by pumping out pure water that has filled the cylinder, we can introduce
sample fluid into the cylinder. After completely replacing the pure water with sample fluid, the
valves at both ends of the cylinder are tightly closed by moving the motor-driven arm again. At
this stage, the next cylinder becomes to be ready for next sampling. We can take maximum 4
different gas-tight samples in series. Whole operation can be arranged inside the submersible
cabin. Use of only one motor to operate valves makes the sampler small, light (28 kg in water),
and easy to handle. With the sampler, we can collect almost uncontaminated sample because we

* pump fluid slowly (120 ¢m*/min.) into the cylinder using the peristaltic pump. To date, the sam-
pler has been used for ca. 40 dives of Shinkai 2000 and Shinkai 6500 with the success rate of
more than 90%. We also evaluate the Sétfety factors in handling highly pressured samples. We
conclude that the sampler can be used to the depth of 3,000 m.

Key words: WH.ATS, fluid éampler, gas sampler, gas-tight, multi-bottle, hydrothermal and cold
~.seep fluid, handling pressured s’ample
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BATHETENRL B0 TH 2,

BET OBREKCHIESERD 5 i3RI E S
THUWMEE, FIBICET -2 a—5 L FEIC
TBLRFERE LD L LERERSICEATHS S
EDBV, DX BREEBZITS R F U RARS
TNVE #RKE (Von Damm et al., 19857 &), ¥'X
b ¥ Y ¥ —4RKEE (Tsunogai et al., 199472 &)
D& BIEIRBFR Chv—RI iRk % v T
WLCHEICHLRLE, 20RTCHEBERSIA
RETCOBRMEZBATEHELTLEY, £LEE
BOPEEMNBRLTLE) 2 EBB Vv, CNTIEE
B U720 381 B I E RS O IERE 2 R B <2 R T
KILERD2 ZLETE RV BEEKF O BALR
TRV, kFE, —BILRE, Y DAL Vo
FEVER S O ULHE <2 R HR I % TERE IS 0 B MR BEC SV
TAHZLIE, OBEKLORE~Y < OEREEICHE
T AW, OWEAS ¥ A FL— hORESICHET
BHE, OWETICERT BRI BEN ORE I
T BT, OILHARHIBIT 2 WEBERICH T 20
78, O_BALRZICEALKOMICE TR (HTF
&, 2001), EVo L FHOEELRHEDERIZIR
R CTHD. FETIEHERED T 33082 B0 1
ICRbLRALERNT RS 4 MEEBEKFIEEE (KK
WHATS: Water and Hydrothérmal-ﬂuid Atsurybku
Tight Sampler - }H2002-20041) %#BREL70T
WmET 5,

- val
quick»conngc@or .

: Fig. 1 Front view (;f WHATS attached fo the pay-
load of Shinkai 2000.

2. KEBE

AEBEIBEBKD L) 2HERERS 2 SRICEA
PERAREEE, B2\ IRIBREBH A AD L) SRR
FEDDDE, QHADEAZEDLME 2 TR
L, OMLTEINT % F CHEEREDEDBLL &
INRIZEIZ 2720 0B TH 5. [LAPWV2000] %
[LAZ6500] 7% & OAKFEMO A 1 — FIZE
DR THERATAZEZ2FICEWTEE L.
Fig. 1 8 XU Fig. 21243, BHEREREK L~ ¥ — 0
KM L AD22000] (2BLD 1 1F7- B> WHATS
DFEF %, 72 Fig. 3121%, TL A D \6500] 1ZHL DY :
fHiF - He D WHATS DR F 27T, 250K B8 B il Tefion tube
IR EHOLBEMNE L7z WHATS O LW i#
I Table 1 IZ/R L7z & BHIC Fig. 412 RABDOE
K AF LOBERXRZR LTz,
CORKEBIIAT YV VAT Ay 4 AR (Fig. 1
® cylinder ; PIZ&EFE150 cm® - W & BB EIC

Fig. 2 Rear view of WHATS attached to the pay-
load of Shinkai 2000. i

sampfe injet

Fig. 3 Front view of WHATS attached to the pay-
load of Shinkai 6500.
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Table 1 The specifications of WHATS.

Maximum .
operational depth 3,000m
Maxi

ax1mun.1 sample 40 MPa*
pressure in bottle
Sample volume 150 cm® X 4 bottle
Pumping rate 120 cm*min.

DC19-32V/1.0A
D 605 mm X W 660 mm

Power required

Dimension

X H 287 mm
Weight (in water) 28.0 kg
Weight (in atmosphere) | 35.2 kg

*! maximum pressure that the peristaltic pump can
be used

” maximum pressure that the valves attached to
bottles can be used

peristaltic
pump

P

vent

&2

Teflon tube ~<<RRZZzzm,

ind
flexible & cth er

aonly

oy . hygrggetrcmal
It i ibe - fluid etc.
inlet tube 7

,’7/
. e am————

temperature
probe

Fig. 4 Schematic diagram showing the sampling
system of WHATS sampler.

IO RNERMEBEA - 57 MPaliHE) 44K, £H RS
A VEBOTMKEIC2/MTOESMOK— VNV T
(Fig. 1 @ valve * 40 MPa fif/E), 2SIV 7HET — &
(Fig. 1 ® motor-driven arm), RHEAD K547

2=y h1& (Fig. 2D motor unit), <Y A FED
Ry Faz=v +1¥E (Fig. 2 ® peristaltic pump),
F7UYBOTLVFITNVF 2 —7 (Fig. 2O flex-
ible Teflon tube) % LDZEH L% T 5B, #HK
FROBVERBEFEZHEALTIFIf 72y FEX
VTIZy P EBADLORSICE DHERER S
ZENTE S,

3. fE® F

AEKERE, FI4 7229y ML oT=2D MY
# — (Fig. 1 ® trigger 1/2/3) ® 2 \7=,3)L 7 B
T—rzBBHLELEEZRIEL>DL - (Fig. 1
Drail) LE—JH (Fig. 1 TADPLE) 8374
FT8EOE— VT DEN2EIC S B & KBS
PEIET 5, K= NV TIZ0E DD EEE CTHR—H
—SH—-H»BELREbOERAN, NVTHEAT—
LOBEICL BNV TRBOEE% Fig. 51277,
TFTAARDOEBNZ TRTHATHZ Lz ETHVT
ORHE (Fig. 4 8 X U Fig. 5 TEANZH PNz F D
NNT) BTRTHL, d9RF (FR) 23_TH
VIR TEM L (Fig. 5 0—BHOEHORE), R
BHRIUERNIC SV TR 7T — A ORAOBE T4 XD
BHRDIBLO—FRD 1 KIZDOWTEED/NIVT %90
EHEE S THREBICER 5 2 & Tl FBUREIC
LT, — WALV THBAT—2%EETS (Fig. 50
BEHROROIRE), RBEAOFENOSFT (RS
HILR &) I ESNRETRY T2 EBIS €5
L, RER2ES120m DO oL P ELIAE—-FT
BBIREBOTA Y 4 PEBAICTIZRALIENTE
5o MOBEHIT LW E o TR B ADFEBHITRAL
v, THEBERLTCERNICTOMmMAELTHo7:
MAEECRBICEE R D o210 (TERMK S
3, Z"VTHEET—LAOBBEZITo THAMD/NIL
THREFNFNVEREGESES 2 L THD, BrEE
BERLT A (Fig. SOEORORE), Z0HE%:
BAk4AKDEERTRTIIOVWTHBT) L TRAY
HORHPEMTE 5, ML 2FEHIFHE DSV T
PELOLNATT LAY, MENEKRESEIRENS
I CEBNICEH Shb, RS- BKkREHIER
PIZ MEELIZITELVEN] GBSESH) 0 F
BRERSN, L ARESEREOBENECEA
TWi-E LTh, BICEINENS T TERARS D
BT E 2V, 29 LT EICE S hz3BHE v
TOESIHMICH BT A v 7 axr ¥ EEFRKREER
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k}’ Trigger 2

> Trigger 1

“Motor-driven arm

—(/—70 .

=

igger 3

<+——— Arm moves this way

Fig. 5

Schematic diagram showingr the way to open/close the

valves using three triggers on motor-driven arm. Each fig-
ure corresponds to the stage of before sampling (right),
during sampling (middle), and after sampling (left), show-
ing the relative position between the ball valves and -the
motor-driven arm. The valve is closed when the cross mark
on'the rotating disk comes on the axial position of each bot-
tle, whereas the valve is open when the mark sﬂ:s the other o

positions.

BTHLOMY AL TR EERZICELAR, BHETEA
(B - BRESELETHADEZS £ VicERL
EFERER S OME - EIEEIHT 2,

% BEBROMFEHICE
R LRI OBREZE=4Y ¥ 7 Las o
35 (Fig. 4 ® temperature ' probe)o F 72#7k#7
LT MO 0 — FEBBOFERLBKRERA D
SOBRREWF L VL) ICEDOEED S, [LARWL
2000 DFEIZNRA = FOEH (Fig. 1, 2), TL
AB\6500] DFERWERDOT (Fig. 3) 1AK%
BAE L7z EOHICHMD S ORKBIEICH 75 Tidi
PSRBT 2 HHEBNICHEART N 7075 412
£5 T, BAREMAOEMEIFRKERY v 2@ 1T
Eﬁ%k-@@ﬁﬂﬁﬂﬁ%#ﬂﬁéhélvkb
72

1. BEGHOEEMCET 35%

2001 FOEASMEAERK LA, ZhE Tl00%k
TBRZABORIUIEIL, ZOHOEHEREL L
TIRERIE 2 AR (0% L) 2L T

BEL i, BBRADSICERER

%o FRBRMLIAB~OEY (Foil/LTB0T
HUKDBEA OB R0 B & B 5 R B S 50
B 2OV THEN VT & EHRT B0, i
DIAKEEL @kh?ﬁ?%%’i’ﬁ‘o 72 Table 2 IBRMEE
CI#6 (34°40.0'N, 138°35.7°E) 1B % [LADW
6500 DEMAE (FEOL19EM) 12B VT, HENS

BEANOF LEPTY Y 7Y V7 Li— kR %
G LIIBOBRETH 5, FORBENICITERE 0%
@ﬂmilnfbotﬁ,Eﬂbtﬁﬂ@ﬁﬁﬁuw‘
THREBRERLTVDEIEDE, RIWEAREIT
EEICEERD STV LA bR b, T-c0RE
D CHMREZ, 1986411 ICHA— R TR ENS =
X#Vﬁiﬁémwfaﬂ&ﬂ-ﬁﬁLtﬁoﬁ%
(Tsunogai et al., 1998) & HBL 72 DS Table 2
WRLTH D, 20O &) —BiEKEHTEARS &
EoTRRET TRETLIIEFNARSIBTTES
T, o T A VIRKBTRIL R CL+4E
HTEBLE20N0%, WHATS TR L RE0
CHIREDOSESMAITBEOR—EBRICB T2 =2 F
YRAKGTRULIZRBOZNEIZIF—BLTED,
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Table 2 Observed salinity and CH, content of sea water sampled using WHATS at Suruga
Trough. Literature CH. content of seawater from the same station in 1986
(Tsunogai et al., 1998) is shown for comparison.

. CH. CH.
Dgﬁ;h Sa(l;él‘r: )1ty [this study] [Tsunogai et al., 1998]
(n mol/kg ) (n mol/kg)
D619-W 1 1,800 35 2.2 2.5
D619-W 2 1,000 .35 0.5 05
D619-W 3 700 35 2.1 1.9
D 619-W 4 400 35 3.2 2.7
WHATS CIRELL 22 3BH3 7% ¢ & b CHOBE RS I+ 8l >
BT 2B L BB WS E BRI N, TR
RABOH AR RAT) BEABBLOSVTEIE g race PO oral pressure: Py
Evans et al. (1993) 12 & o CTEEAREIIOWTE  depth=0 density: or
1 CODRIHEORIEN A SN b DL 2 CALTH 0 emperatye: T
D, TOREPLHERRKBFORBHRMEREL LTORE
T IR ED Vb D L Bb D,
5. REMICHT 5E%
T L-RABI R L -G EEOEN #1130
FTERFLTEMEICEN - TL 5. ARAKBFOBEE , :
BARTH53,000m OESORBEHLFHE, & seafloor 1 gggg@wmﬂ
DARFRATIMPa (H300KE) HEOENER  pop ] temperature: T

FTIEBFFEIN, WYFICEEEILETH 5,

BHENICERRRLAEERCoWT, %4 FHE

DEE LRV PRE L TA.
5.1 RBFREEREORBAOENTLERRO
BErROBE ,

WHATS % i\ T 5 EE CRARE 2RI LT
25 15E (0.1 MPa) OKEICE- 7RI E2RHMN
DEDEPINCL DI BENEZTHIZV. TORND
ENENBBROERHBEEN B2 L, BELGHIE
LA L o TREBRO A REI RS
TL 2720 Th b, WHATS Opd, BBRAKLY
TV TV 5250 7 O AMERREE 2SO
TREBBOWNDENENZOEAREENTH 5
40 MPa 22 TRWIT Ve 3B 2 I L 72 1K1
BUTRAZONAE bICHIEICBIT 2 KETEEN
PHCENER V. L LA L LABEDSE L
BB ONTREBOKEET T 2—H THE SN
BENEENIECRETRBSNS, b LELES
TR DRE L FRONERIC DB R TN,
S BRI L RIS BT 2 KEDZ 0 F FAKEICH

l

Fig. 6 Schematic diagram showing the expansion
of gas-tight sample bottle due to depres-
surization.

FABRBANOENEL 2%, Lizdto TIRIEEOK
EAERBREEAUTICHS 2 TBHEE v,

L LEBRICIZREIC X o TREBICHSEED LR
F2E, RBEHALTVUEEEERELTILED
] (BKR) 2EZT (Fig 6). MARIAEEIEE
THEENPMETT 5720, BEBRNOBEOES (B
Tohg [WE] EREZEICTS) FIRIGEEDOK
FEED WL SPRITHIENTFEIND, D0
ECHRRL-EARNISBARICHA LGS &
Vo T L BE CORMFOEN 2 RIFT 2 b1
TRV, F—HTHEEZMmA L TWERBKICHK
R2EEAKOFHAHELOT, REHIANCEILS
5 ECOBICREI D r LT LAT S, —EhHE
CHASNIBEDOBES LTS L COBEDEN
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BRI 5,

PEVRLRoBROANDENEE ERILT 2
120121k, BB R EE LB BT 2 KELSC,
aﬂ%ﬁﬁoﬁﬂ@%®ﬁ¢%%KE@T%WE®ﬁ
&&ﬁﬂﬁﬁ@iﬁﬁﬁ@?éﬁ&@%k@ﬁ%%%
ENCHRLCHERT ALEND 2, DTREI ik
EE35% DK TH o 2B ATV T ERI I KES B
wf%%L,ﬁﬂﬁﬂ®ﬂ%&%k%E%Eﬁ%éq

AHEHAL 258X Fig. 1% Fig. 5138 L&
IITHREIIMEREE LTED, T3 SR R AS K
BIT/NE L e BRI & BRoTHNNTIZOLHBoT
Voo RAFRITHREEZBREDL 2401003, 3=
DEZDABRIANEE IS LT EOBRELLT 3
P RELDVLEDND B, THIIFEWIRE AEME
BLUNNT IS ORFRED O BEREEEL PO
EIRATIC & > TRED 52 LA MIK S, L Lieas
5, WEEH» f‘o?ﬁ.l:b’?f;é T TOERBAOREEILIE
LBROEBEEL TV AEH S, FHOHERER
W77 5% T 72D I EE 2 BT A0
EThb, 2 CARLCHEBRIIMES FHRCTHL
EAAMESREEMLTERZLZ LI, 2F Y
BEROBRIIAMGORNFELESS—HICKEL 25 L
IEZ LTS (Fig. 6)0 NV T EELTHEBO;
SERROEBLEYNCHEERF B E N TORITER &
DOLBEHSKE VA, SOEBICL BMEEIE
BOBHDBENOTHRRAZAELA2THAH ), SNk
25 EBHOBHESLCHBTYWOENEILICH LTid%s
BOXEEE, T2bERARHRIGEEICIOWTRED
BRAREZE 25, EOICUTIRT E S o EmE
FHENERLE NS DT, BEEHEICHEL TunA
ARBLDO LB ITEEE 25,

WEKEx BH) (m) TEEEHE WEER
mm, SHEFErmm, BEImm) KERL-EBE
KAEZWS D EKEO (m) TTHLR-EF
bo CORDODHAERPLTHE, BHONDEHIZ
WEPACHRZ L0 LEUTEZDTIADBHND
ENZEICHIEL, ChzBwsLhoh 5wk
CBIT2EBERONEDERMN EESHAD
EBRA LTOLHICET I EHBHESL (Gere and
Timoshenko, 1984) o

Pl I T

WA - ik - &7

Ar_1-20+1+0) ()" B,

n ("2/,,1)2—1 E
a1 P
l (rz/rl) 2‘ 1 E

BLoRKRTY VI, E @YY 7EThs, Kifhs
WCBEEAT 5 ERARE, WEE r=19.3(mm), 5
F#Er,=25.4 (mm), £X7=203 (mm) THhHDT,
v=0.3, E=197 (GPa; ~ M % A5 L 2 HD
) 22, /

&r_ 1 gax10-P,
r

Al

l
—HlE LTEREBNINOENZ P, BREE S —#
n40 (MPa) THo7ZBEICDOVTHEDERAr &
RIOERBA #5HLTAL L,

@Dg

=6.93x107°P, (5.2)

Ar=0.014 (mm)
Al =0.056 (mm) .~ -5

LB, TbLREENTTRABERONZIL
0.014 (mm) Z&, F7-851320.056 (mm) I
RLTWS, BRERIZZNZN0.07% L 0. 03%FRET
b
TABERML A BE 2 (m) 2B 3 HE0E
Expbl, SNEKEO (m) $THBR- 2B
BENOEEZ p L T5E,

Pi_ 1/nrl
pr Un(r+Ar)2(I +Al)

Aryz A
“1e2 g ( ) I b < ) T
'v@ao;<1,7<1;n 2RUEDEE A
TaE
“—12“‘g
Pr l

LV BIRAH Y L0, R (5.1) LR (5.2) FEA
Tét, ”

Lis144.37%107P, (5.3)
Pr :

ZAURHEKE L ¥ TR &9 7 A8 O Bk — R A5
2T BRTH BN, PICH LAREEATHLOT
ZOREFBER S EMHICNL 2 LEND 2, BAOE
B pid—MICZDRET EEAP OBKE LTUT
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DEIEBRTHZENTES (EHRFF, 1990),

p(T,0)

p(T,P) =
1-P/g (z,p)

(5.4)

BLEK(T,P) 3ZDiREEENSHICBT 2 H6”H
BRTHY, p(T,0) B1IKETOZOREIZBITL
5% EROEETH 5,

HEORIUKE x (m) 3 2HTTRIEBEORE
BET EHE RIEBOKE) PARTIZNT, &
(5.4) ZFHVBILTpDREL, 2F D p, 1TERE
KRz DAOBEBE LTEBENL, FHALLRK
(5.4) ZAVELER T TRLELABOERNEP;
ERREE T, 2EHL LT bR TELI I
5o ZZ TR (5.4) 12X o THRIEKEx DAOBEK
LLTCRBLAp &R (5.49) ZHVWTPET.OH
BeLTRBLAp 2R (5.3) ~CATBE, &
(5.3) BRIUKEx EERENEP L REBET O
BRen), BREET2MOPDOFETHRD T
RHIET, FRIUKEx IS THEBNEP, 2K
DLZLDNTED, FITREBET 2, ORLI
LB REEE R S RUBOBE (REBADRETH
52°CL L) 0FEEThoBEe, ORMELY
0KEEER LGS, ORIELV20KEE LR
L75E, OZ2056BEL, ThZhoHEIC
DVWTHABRIEEx CHTAIBRRAEP (T
DLEEICBIIE2EHBHNDOENZE) FHE LA, &R
% Fig. 71377 _

K BE2,000m (KFE20 MPa) THRELL 721K %
WCELBE, Fig. 7 &0, b LEEEMYEZTRIENE
12#918 MPa T, BFROBETIO%II EHEF RS T
B2l bh b, KK WHATS IZME L ERT
AR ERRLZ-BEREL 20T ERFLA TR
Bl RABTREZVY, ZOEHELBEIEVEY
10%BRETH 2D TIHITRERKEFLEXTELELL
BWIENRDbP D, $25 LBENFIOKIEZL ERT
5 LAEIZH2 MPa, 20 KEE LR LBEICIEA
JE3#28 MPa ~t LRAT B2 bbb,

BEROMBHAREE ) Th 540 MPa % #8 2 72 ViR
BEZROTADL L, BEEDI T RIEKEL, 400
m, +I0KOBREELEERT S & KIES 00m,
+20K DIREELEBRT 5 & KBRS, 250 m A3EH
RATHS I LMFig. 726KF B, ThbiFwy
NLARABOEABRRERETDH 5 KE3,000m
(Table1) & 0 +4E V. EBEVEHNBRNEICE

60 T
T T T
&

L iso(t)hlgrm -
Ee—— S
50 |- wemmeee 420 K s

40

30 |

final internal pressure at surface (MPa)

i

10 )
0 1000 2000 3000 4000 5000 6000 7000

sampling depth (m)

Fig. 7 Relationship between sampling depth and
final internal pressure of the sample bottle
-at the surface.

BASBICHBNCRIELZBY T, BELFIEHE
WEKPSI0KBETHLEZZOLNEDT, K
HOBHBREELZTFARVEE EROEEIREN
SRRV, FAFROMBARERET Td 540 MPa
7 a—7 7 MHIEREE R R X TRV T O H
BREEITH> T, HaaAEKOMETH 557 MPa i2
TERRELSEBND B Ho TS A DHEH TH0
MPa 282 CHEBREIBE L CAKICEERES
252 BEREIFHTL 2bIFTiEV,

TeRRECHEEHTERT2,500 m 2B X 5 RE
JECHREL L 7= AR O IR B B B & #h o 7213
IVIVTH 5. TEETHIUZEIRNE T AR,
KIZBTDOFET Lo X 22f b Tk BHINEIC
i & DO THE S N HHRBITHET IZET 5 LEFD
b0 BBV HBHTEOPLT LS E VST
b, MESTLHEFELEVE I KLREDTBLEND
%o —ERBHOWAKIEHEINTKIZR>TLED
b ABGAELRSRI 2-OBBMEELTLAR
BETIZRW, :

FERER S CEA AR R L BEC
OWTHNTEL, TTERELEROAFTHEIEDS
WA, FARCHBEERERSICEATHNTD
BRNONERBECRRL-BROKEZDEIETH
D, BRERSFSEVEBEOERIRY, RIZEL
X BBRELRSICL o TAESELLLSFEICDW
TTHBHA, TOHEDNEIEK TR LZFOK
FELVHIBZBYICBVTRZONEREFHRNZMH
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LT iofE (REHER) ictoTirErd
DTH o THREERFOBHFROINMIZNIZITE A
ERBESZ RV (LR LEBOBESICE - THRR
& ) NESKIFICRA T 235812 0RL 2 BT
BILEHY D B)o KL L TRIL 2 kARt
HREERSICEATHTY, FRILL > TERONS
FEEMPER L CEROBWELIET 52 Lidh v,
5.2 REEHRNOBREOEE

TR Z R L7254 & ABICHBE T LTY
TEAEAB R BHRER L THLIR-> T 28T TRE
DERENLAT S L, WHOSKOENL LATSE
FHEINE, CRPFKBELEHERTH o 2BE1LME
FABREENZBL THBEIC ORI ENEESN
b0 TITVEHEAECREN LA L&A
DEIVFENITIEEBTEHIRELTAH L, HEOR
hE2BEBRELREL, HONELEELZP &
T, BRELABONELREX* P LT, LT5E,

T
H=Rﬁ ‘ (5.5)
E b 4 KEEL500m (15 MPa) TIREUE h7-2°C

DRSS, KRB T22°C (2% o A EHICE -
TEtET AL, WHOEHN LAIZ1MPa (H8%) T
HoT, EEIZNIEMPaRBETHALI b5,
AAERBOBEITRERAL L Y D S HICREOE
BRI L 2 5 v SHIZARARA LZRBTLA
¥THb,

G.WEHSWﬁﬁtﬂwﬁkﬁtﬁkE

ChE CRIBEOBKRIVEICERES N, BELL
BBEBEFEDLDNTOLIEABREL LTI, TIEVRAKER
(F7ix5% ¥V IRKE%, Von Damm et al.,
19857 &), H A% 4 bERKEE (Edmond et al., 1992
% E), BEZEF| & KEF (Sedwick et al., 199472 &),
YR b3 v ¥—8ke (0380 7ok,
Tsunogai et al., 19947% &), %EiRK% (Seewald et
al., 2001) ZEFBETONE (BRI BAE
WTO—BOLFHRTEREHTIER V),

WHATS O Efi % LIS -0 ERIRAKE & M
BLEBLHELTAHD, QT AT 4 PREABBHENT
&D (TVEVRRBPER PV V¥ —RKET
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