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Abstract : Directly searching for undiscovered hydrothermal vent sites is inefficient due to the practical
difficulty of comprehensively imaging vent fields. Thus, most searches for hydrothermal vent sites rely on
the detection of hydrothermal plumes from water column observation. Detecting and measuring the
hydrothermal plumes are the most efficient way to infer the presence and distribution of hydrothermal vents.
Both the array of vertical casting and lateral towing are the most common methods to discover
hydrothermal plumes. In this study, we compared results of cast and tow-yo operations along the same
section of a spreading center with a distance of 20.5 km in the North Fiji Basin for mapping hydrothermal
plumes. Operation of CTD tow-yo provides a detailed pattern of plumes which enable us to locate the
hydrothermal vents. On the other hand, identification of hydrothermal activity can be determined effectively
by CTD cast with additional analysis of geochemical tracers. Reduction in the operating time is another
advantage of CTD cast operation, especially for regional-scale survey. Our results show that the
combination of CTD cast and tow-yo would improve the efficiency of the hydrothermal plume survey to

locate new hydrothermal vent sites.
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1.LA &

19773 el s % (East Pacific Rise)°ll Al  ‘black
smoker’ FENS] EF E5o] HHHE o] F(Spiess et al.
1980), W2 ATE B3l dlx] € o] Azt ER
FH sgor 243 & oAuAE ddale 585 9%
< sh= 102 Q12 E|o] gith(Pelayo et al. 1994; Elderfield
and Schultz 1996; Mottl 2003). T3+ a9} 8%k |zt
o] A5 zhgo] 93t G4 MAL Y X7} s =
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Ae HPAT = F8 717, 5 £29 A3 55
AEo] e AHEETEY Y teEs

Hoh(Tivey 2007). 1A ¢ S5

70,000 kme] Zo]E zt= FY4 ¥ (Mid Ocean Ridge,
MOR)S w2} =2 WAY3HH (Haymon 2005; German and
Von Damm 2006), ©F 22,000 km Z©]2] 4] th (subduction
zone) A9 9] % st (arc volcano)t TE = )
(back-arc spreading center)ol| 4= RI¥ A YEl= A
o2 d#A 2dtide Ronde et al. 2003; Leat and Larter
2003; Baker et al. 2008).

A FxsHE 4 £Z T (hydrothermal vents)=
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71oll= o zo] UAIRE AFel] Hls) FF o F
P2 F=TF T3 75 WA F64 =1
(hydrothermal plumes)S YA 7]+= |
et al. 1995). o]&3t ZE52 WS o EETE 53 74
He 23t on, gwert 9 dlre HES olF

7 e & £9F ol o8l FE AR o] FsH
Fth(Speer et al. 2003; German and Von Damm 2006).
b G EE52 EET AR ETE SRR A=

3= XS Folsh= 7MY
a3A0 WHo| EtH(Mottl et al. 1995; Walker et al.

N2 €4 EEA (hydrothermal vent fields)= ©12]
Wi ol ofs] WA AT 2000 o] EoiX = T3l

gk A% kel FhHlEt ol g ol 7 A A o)™
HAEAQ H WA o2 A=Ak Von Damm 2001).
£-3] Baker and Milburn (1997)0] 9J&] Aoz A%
Miniature Autonomous Plume Recorder(MAPR, NOAA)
1998 Q=S UEEE 2AME AR 2 AR 7R =
AAA B A7l st siA E S e
2 BET fAE getsted ol &8kl e AHloltt
(Scheirer et al. 1998; Baker et al. 2008; Marbler et al.
2010; Ray et al. 2012). MAPRS H-f U7t F27)F 285
5 I7eke 9 4bekd(light-backscattering, LBS) %k
HySY Fe?'o} 722 3kl gejo slels 557t =25
5 rashe Aksl-8h 9] (oxidation-reduction potential,
ORP) #o 2 4 E&° 54& 715 gtk (Baker and
Milburn 1997; Walker et al. 2007). |23+ MAPRS CTD
tow-yo, deep-sea camera, side-scan sonare} 72 o1 7
H]L} rock cores, dredge 53 722 AR A)F Ao A=)
o] Zg&HtHGerman et al. 1998; Tolstoy et al. 2006;
Ray et al. 2012).

UM E Skl Fel7]edollA ek dwe s
AET3d GAE Sl I S5 A EF EEAY
of thek AF7F ATk 1999 A EH G vhE2
4] (Manus Basin)ollA] €7 &5 ZAFE AIZC.Z 2000
Y SURE F2 CTD casts 538 Y2232 A
A&l = 7= (beam transmission) 7F2] HI}ZHE
T U 25 S50 FEE ARlEIIALE 5 2000; 3G
2HE-2006), 20065 Zoll CTD tow-yo systemS #| 2},
2009 =HE MAPR “gH|o} 2Fo] &&af 31 QITh(Kim
et al. 2009). & AP XM = FHE EX](back-arc basin)ol|
EAshe @5 AN dF £= 29A ARE FAS
7] 18l AR Akl o W EF E54 w3

£ MAPRE ©]-&3 CTD cast?} CTD tow-yo i<

O
-

offt

sl oz} sim, 2Azke] A-BAE HlwsT EAAel
28 WPyl sl =ol s e,

of

2. AFAYG % Y

ARl A EE Y E3]A] ] (North Fiji Basin)
= H AE-s 3 Atole] S AAl | g
3} dx BAZ 10-12 Ma Mol @A 3= 3
of oJaf F=7] A&, HRstal vt ol T 9
B A171E AA A=A th(shibashi et al. 1994). £X]
T T4 A A="H FARE 548 e o
%843l % (Central Spreading Ridge,
~14.5°-22°S)0] T2t} TSN E-> A vl &
A7 (segment) &2 FFE-E| 3L, F 16°50'S A Hol= Al
Mol o] vhbs A3 (triple junction)©] $]X]gH
THAuzende et al. 1994). ¢l E A9 1989d3}
19913 STARMER project?} 1998 HYFIFLUX I
project 5] A7E B3l S5 9 HEEA I AYo]
RIEA oM (Nojiri et al. 1989; Gracia et al. 1994;
Ishibashi et al. 1994; Halbach et al. 1999; Koschinsky et
al. 2002), S-lUEt7t A G372 s S8l gAH
= 5% 1 FFASKE-1, -2, -3) E3F o] x|
ki

A AR 20129 129 R/V L5832 o] &35l &
A A4 FSLAE T FESEFZHNorth-South
segment)°ll $|X|3= KF-3 X< (18°54'S ol sf1<3)2 of
Aoz 33 oW (Fig. 1), CTD cast £AF & tow-yo
ZAVE 33 tHTable 1). CTD cast £ARS &S
wEt H oF 3.1kme ZHAS=(HA 23km, FHU)
45km) 6 S AG3 AU ASS T AT
(CTD®] IEAE ©o]&, HAUSLZHEH 10m FA).
CTD tow-yo A= FEollA &0 8 A4l 49 £
°F 1-1.5 knot= 13A|7kel] AA P33l oS4 A
20.5 km), tow-yo #Z4-2 CTD cast & $IXE A7}
EE 93T} Cast 2 tow-yooll AFE-E CTD system
2 Sea-Bird AF9] 911 plus 22 o™, MAPRS CTD =&
A7 tow-yo A ZH Y vtE ] Aol Bl F2FetTt
(Fig. 1).

MAPRS =41, 28, B (turbidity) 2 AHs}-3+) A9
(ORP) AE=

)

2=219] A7+ 7H7(12 data/min,) %202

NEaE, B 24 B4Edd o T v
(LBS) AEE A% ghoz A dth 249 A% ghe
o]

—

nephelometric turbidity units(NTUs)2} 53 o2 ¢
Al FEot T2 89S ZH=THAPHA 1985; Baker et
al. 2001). M 53 AF= T4 LS A7
71 fsl = eE 2527k ARE U ZH
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Fig. 1. Map of the study area with CTD cast stations and tow-yo survey line. Study area (KF-3) is located on
southern Central Spreading Ridge of the North Fiji Basin. Photographs show the miniature autonomous plume
recorder (MAPR) attached on the frame and optical cable of CTD and CTD tow-yo system, respectively (index

map is modified from ETOPO1 data)

(median filter) WHOZ AZstdeH, Hd #AE F
95% A1Z|77HE Blojue= 32 Al Qs HEH o=
LBS 72 € E59 9o gle F4lolM e 3 i
o7 L o= (ANTUs) #o2 FF3} A|ZHoH,
ORP 72 A7l wE W3l (dEh/d)= oHetstsith
(Nakamura et al. 2000).

3. CTD cast &= ZA3}

KF-3 9% 3|9gelA] 4=3¥ CTD cast 5343}, &
OoR=E](ANTU) 0.01 ©)7de] 3k 2= Fsish €
E2 CTD 3 389 44 2,468-2,525 m(Z W] ANTU
0.029)} 2,558-2,588 m(H ™ ANTU = 0.011)°|4] 28]aL
BZoz oF 8§ km ol CTD 5 FHe 44 2,538-
2,557 mEth ANTU = 0.014)14 #=Hth(Fig. 2a). E5
Z2of| thk AHE Sl akghe) os) HA|H B A
(non-buoyant) 52| A FE, A=, T, sIHHOZ
FEO AE Eol 55 AR AdE M (Baker et al.

e H

2006; German et al. 2006), ©]213F Z5 543} tEo]
EAT S VTR 9 £5S A4 gt o
ATollM A 25| A 7IEe® AAF ANTU gk
0.01%, ©]& Martinez et al. (2006)°] E3]x] Ex]o] &
of $X3t= B ¥A(Lau Basin) U Eastern Lau
Spreading Center(ELSC)ll4] deep-tow sonar ZAF Al
MAPRZHFE] 53 ANTU Aol 283 7k} U3t
™, German et al. (20062 Northeast Lau Spreading
Center(NELSC)AIX € &5 93] gle wig e
E ANTU 0.004 °]ate] & AAleh7 %= it

AF F5 W 3R Aol &2 SelE Juo] sijHE
(e.g, Fe*', Mn*, H,S, Hy)dl thsll =2 #=S zte
ORP & e Fefe st AXRS vl w439
Haske 548 7FItk(Nakamura et al. 2000; Walker et
al. 2007). YAk o3t ZE-2 A= NS ke A
oA A FERSFH TAHE H4= AT &
goll o3l FAE = AA T ORP W= T2 G525
g 7198 stEdl vhes 9 EE59 FAHA1 A7
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Fig. 2. Vertical profiles and contour plots showing oxidation-reduction potential anomalies (AEh) and optical
backscattering anomalies (ANTU) detected by MAPR deployed together with the CTD (a) and CTD tow-yo
system (b). Significant anomalies of ANTU and AEh are observed at two distinct regions within the depth
range of ~2,400 to 2,600 m (solid lines in the CTD Cast (a) represent a isopycnics (sigma-6, kg/m®) with 0.001
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Ak, 25 ORP sk WS A H3l alF Sl o
A AL WA EYAOL A G e 204
Z9E| o 1km 973 Wold BEHE Aoz 9o 3

TH(Walker et al. 2007; German et al. 2008b). CTD cast
A4 ORP H3HAEh)= CTD 5 3% 2] ANTU &7}
£ H2l FAeNA -0.03 mV/s ode] Fro] #ESEH,
HA] AEM e FE2 W Yeh A e=thFig.
2a). 3] 94 ANTU Z717F 328 CTD 3 A=
ORP W37} A =]A] gkt ol F-FEZ vls) g
H Feo sigtEe] RETENE HoldrE fA kst

2,300 m ©] oM]/H% o2 44 ﬂ ‘;oﬂ Hlal] =7} sropxl
W7t AZEh(Fig. 2a). 53] 4 2,600m o] atefl A

CTD 3 A& CTD 5 AR SUxA Halr) A3
© 2 A vep} g 93k Jgko] FrAH, Yozl
Ur H3le EE7E S8 dE ¢ ZE0] A55Y

Vel e AIAWE} A CTD 3 FHe 4 2,558-
2,588 me} CTD 5 A 2] 4] 2,538-2,557 mollA] #=H
H WA SAFSE ANTU 3 2= 94 2220 5938 9
X (sigma-0=27.702 kg/m?) Aol A5 A4S e}
W 3] Wid wet o f27F 2] gRldnh

4. CTD tow-yo ¥= Z3}

AT 319 (18°55'~19°06'S)2] <=4 2,300 m ©|3}ollA 3
HRAZA (LA 5 m F4]) 48 CTD tow-yo &5 2
oMz ZA F A HolM FElg I S50l ElEn
(Fig. 2b). Athd oz J&o] 92|35+ 19°02.8'-19°04.2'S
Aol =4 °F 2,500 m WelollA] ANTU 0.01 ©)/de] 3t
Zh= G Z2o G B ko g oF 27 kmol] AA B¥
2 Pei= vl A] A U Qe 2o Qe &
el oF 0.9 kme] AZE FiL T AHCE T
th. F AHA elE ANTU o 2hS 9F 0.022
SA}EI 94 CTD 3 A oA F== 71 H|5]|A
2 S Aotk F AR Atelol] aE|al BEEoR
EE} 28 412,630 mpell A= AT o R 2o R o]
Z=0] #5Hrh I o] A qelM= ANTU W3}el o
2 ORP ¥t A€}, &5 F5o] #59 F+ AH
T AHoR g SR A (19°04.1'S)91M = oF
-0.1 mV/s¢] ORP W3}, H&o] X3+ %7 (19°03.3'S)
ANME -0.2 mV/s ©]732] tﬂﬁ}~ el tow-yo 29 37}
AelA g &7l v - ZWGPD} A =l
oA tow-yo ZAIE EEH -f—% o Wsh=

A

;Lr
i

o 2 #r ox rob
U e wlo

:L

l

Baker et al. (2006)°] 2$- £ W ELSCS] 4= 2 &
Az APALE A Z side-scan sonar RAFS Eaf wpe}
3 o) W3}k gheF -0.1 mV/s)Z Hlwa] =& aJJr
A e E S vlglolyt €= (Mariana arc) A9 W] ¥
(cone) FENE zH= ‘DAIKOKU’ s A 3}AF A4 Oﬂfﬂ
MAPR=Z Z74¥ ORP ¥3HF -0.2 mV/s)e}F AR <
o|th(Baker et al. 2008).

AT Aol FHem BE AT 18°57.6-
19°00'S2] =41 2,500-2,600 m Alool|A] HA=H I &
2 Ol“ °& X]“"ﬂ"ﬂ +=5H Ok“?)r 924 tow-yo ﬁ

v =T

o_,jr_ﬂlﬂ

@E}(Flg. 2b). Aﬂi ANTUT: 18°S9S k| *’F’?:] 2,570 m
oA 0.0319] Fe Ho] I X Hof v oF 1.58] =2
FHEA AEE et o] A ol I EF &

= 4] oF 2,500 molA 60 m AEL] FAE 7 to

M
m

yo <ol Higkel B0 7 7442 ANTU #ho] Hz} 7446 }
= Y= ®elr} 3 ANTU Hu zto] 2% A
1€ ORP W3 -0.05 mV/sE Y& 2| A4 v A3

o7 Uxut 5 1o CTD 5 A ZAw A
H3}%](-0.03 mV/s)oll HlaliA= o 2 #e Rojn 44
A7 Bt fAEE Ego] F=Hnh

5. 94 &% IotS 918 CTD cast®} tow-yo
Az v 9 2§ wek

S} T EETENH IHEE ZF
o] g Aol e T2, viEdE FAS ARt =2
Y5, AT slFel A=k W oA A ol Y=
! 2AtHGerman and Von Damm 2006).
e LG
& AFAEC] AR BEHT Yt F 7 B
W 2 29k (cast) 2T o 2 (tow-yo) H2 €]
T}(Massoth et al. 2007; Lupton et al. 2012; Ray et al.
2012). Cast W22, H]E A4 7+ 7HART F2 HY U
of < FFo] wxsd A ezl A7 AR, LA
3 HAGEEHeR oF 10km ou)e] 7 EEE wjdE
3 p2olut A= WE} A & g 2 Al ek o

2 dHAA] k2 Aol dis)
Z‘—/\} E—E}‘-] = E‘Q T AUk B3 Ellg A S 2T
’Jit(e.g., methane, metals) 4]
Fo] EA] W 745_ gotslt = Q= AWE AlF
’@D}(Mottl et al. 1995; Kawagucci et al. 2008). 34
A HRUAA ‘see-saw’ FEIZ FES= tow-yo
W ] &8 AJ7ko] castol] Hls 22 Azl AA)
FAlolu 54 7keA (e.g., axial valley wall of MOR)
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castol] HI3l tow-yo7} AT AR Al Folets Tl
Zdo] Q= WbH| caste] 7AFoll= &
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ofN
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yo &9 AIZE vlws] B cast(13.8A7H)7} tow-yo
(177770l w18l ¢F 4A17F A= @55 1=H|(Table 1),
= F 22%°] BAF &8 AolR AN Aol HE
G cast A AR ©E S O ARIY EE
T G RY o] Ae AGS UHOE cast DAFE

Table 1. Summary of CTD locations and in situ operat-
ing time in the study area

CTD Longitude Latitude Depth Op :::::mg

(E) ®

Cast 1 173°28.61' 19°05.00' 2687 2.0
2 173°29.03' 19°03.62" 2690 2.0

3 173°29.00' 19°02.36' 2714 22

4 173°29.28' 18°59.96' 2685 1.9

5 173°29.38' 18°58.00' 2723 2.0

6  173°29.49' 18°56.60' 2718 1.9

(whole transits) (1.8)

Total 13.8

Tow-yo SOL? 173°28.50' 19°06.00' 2705 13.0
EOL® 173°30.20' 18°55.00' 2718 '

(deploy & recovery) 4.7

Total 17.7

a: start of line, b: end of line

& A$-ole tow-yo ZAR vl A7+ @& &3}
& 7= gith sEAITE 7120l AAMA T slE
A A9E o2 motd a7 &5 i
ol 4] 200-4,300 m ARelol] xS, 1
78% =7t 474 2,800 m o|jollA] wAslaL, T
2,200-2,800 m AfelellA] 7HE =& WEE YEille A
2 d#A rh(Baker and German 2004). WA £ <
o A cast ZAF WHH O AZF @S B3 2
Q1 SHo] UARAINE A E S e R A
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s A & 7FsAdo] vke Ak ¢lAslof gtk
(German et al. 2008a; Son et al. 2014).
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