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= olEAllsle] 'hagghs oldllsly] YsliAl BESelA AT RS MY frlekAs FAEYAE PTh/AU b
HEE olgste] F4sISitt. 20121 293} 39l AA F= oHEAla| ] F 1470 A ellA 7‘0131‘& AT EE
AFHBIAIL, F PTh, &5 *Th @ A} 7 1e4E 24 o}oﬂt} Tl et & 24The] S5k = 28uel v
ato] A3t S HeRHSITE fRddhelld] & 2The] 29 Hee 954 2 FEE9) ASd-s veha, Ak Al
A} etEo] YepRg B S0 JFow FetE it Aselr dojil= F P*Th 23> Fe/Mn Alsl=ol
oJ3f| o] FofR= Ao A E T F3th vl ofEfle] ol UEhk= & P*Th #S APdES) A8Hrk= o] 2
ool A A YAV #*Thell 71158kt 7 de] Bz 43 2The] JA7Ee e Bt 867+246 dpm m? day

ollem, fgthollr dae} Qle] Ay Tkt WA ¥AdS Balvh AV 71949l PThe] HIE(7.08+4.27
umol C dpm™)& o]g3te] e AT F71eA0 AARZYAE FH 5.9£3.9 mmol C m? day' 02 VERGE

b o] gk 2-3€9] gldafiel fAReE ol A 7Rk EEAgl dapgate o] viER vERd AE
29 FE(ThE)X 3-54%(FT 28%) WA

In order to understand the carbon cycle in the Amundsen Sea of the Southern Ocean, the export fluxes of par-
ticulate organic carbon from the euphotic zone to deep water estimated using **Th/***U disequilibrium method.
Seawaters in 14 water columns were collected during February and March 2012, and analyzed for total and dis-
solved #*Th, and particulate organic carbon. Total ***Th activities in the water column showed deficiency and
excess relative to those of ?®U depending on the water depth. Deficiency of total %**Th in the euphotic zone
showed mirror images both with chlorophyll-a and fluorescence, and was consistent with the loss of nitrate,
which indicated the effect of biological activity. In addition, deficiency of total **Th from deep water was asso-
ciated with the increase of total dissolvable Fe/Mn concentration. Excess total **Th activity presented below the
euphotic zone might be related to particulate **Th concentrated in this water depth. Mean export flux of **Th
estimated using the steady state model was 867 = 246 dpm m? day™'. Mean export flux of particulate organic
carbon, which were estimated by the product of total ?*Th flux and ratio of POC/**Th (7.08 £ 4.27 pmol C
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dpm™) in the sinking particles, was 5.9 + 3.9 mmol C m?day™. These fluxes were similar levels to those in the
Weddell Sea during February and March 2008. Export ratios (ThE) relative to the primary production in the

euphotic zone were in the range of 3-54% (av. 28%).

Key words: Amundsen Sea, 2*Th/***U disequilibria, particulate organic carbon export flux, export efficiency

N B2

a2 AE8H A (biological pump)el E2]4 (83 %) B2
(physical-solubility pump) 7= 7|2+& B3l t7] Z<] olaksleka %
Aof] F23F 9 st d AlA ek vipd oF 2 Pg (107g)°]
SAaE Fsted O 5 dRke ko] dE oA AA "R
(Takahashi er al., 2009). th7] 2] oikshehie] ot sijeke] <
& Frisl] QM A giokel Ax dojue AEEE A=
gl gt olalie} AEFErt v S a5t

oREAlEl = HETHFS] A&l f1x]8k, 717} ©F 27,000 km™Q1
okrAls] ZE|Hok(polynya)s} ©F 18,000 kmQ! FRI4] E{Lo}
(polynya)ys X3S Arrigo et al., 2012). ©] 3|¥2 F= Z2
of & 7Hg Aol & AYex delA UTh(Arrigo and van
Dijken., 2003). 53] 2=Z%TE9] tha2lo] dojuh= 1€ 4
24 F5 47 mg mPOE TR ZEo} X Yo nls) 2-38) %
I (Arrigo and van Dijken., 2003; Arrigo et al., 2012), d2}AJAk
Fe BE J= Yol Bk 1.6 F 3kE BITk(Yager er
al., 2012). TE3E E=roll A W o] FA7F 7 w2 A gRobA] i
(Pritchard et al., 2009), 3"Jo] W24 TE|sk= Zlo] T2= 37
o] H B2 IS B Q= XYool (Jacobs and Comiso,
1997).

BTN AFome] AP A7 1EA J7HEY A (export flux)=
A A PR ohgl AR T B RS -8kt vh
A =8k 18 Q A (input parameter) o P, AFZH O Z
oF EZoll AAIE EXEE = (time-series sediment trap)S Al5¢
o] SAsIqleh AN HAEEHS o] &ato] YA f71eA

BEHAE Sk 32 78] 98] 2 (hydrodynamic bias)2}
2 AR Al BAshs o vl 3ulellA] 1087k & o xE
WA 7hsAdol 9o (Buesseler, 1991), o1& 7S 54l
B=53717F 7] ek P Th HRE)7F 24190130 R3] el
v ZFskA Fashe A wiEoll Hte nTollA HE o=
ARG 7Rt JAEHAE Fdshke=t Wol ol &5 itk
(Moran et al., 2003, 2005; Hung et al., 2004; Buesseler et al.,
2009; Giuliani et al., 2007; Kim et al., 2011). **Th/*U B33 e
17k A7 §lo] A7AlelA AR S87Fsskal o] A
Aelxe] Am7t 7Fsstzlell W] 71l AlghilEo] ot
AEEH ] njste] W& FHES Holerh

= TR elA AP ek FAFEE 2 g =23
(Cochran et al., 2000), F=<=3H72} 923l (Rutgers van der Loeff
et al., 2011), A=l $1x18F | 2~31¢-4l15H (Shimmield e al., 1995),
AZAH 4] %] (Savoye et al., 2008), ©}'F=-3l]I (Subantarctic
zone)PlX] =%3/1%] (Polar Frontal Zoney*}°](Jacquet et al., 2011),
ol tlsl| & (Subtropical Zone)?} =414 (Polar Frontal Zone)X}
©] 3%} (Coppola er al., 2005) solA HIEG O} opEAl3) &

i)

A

guolelld Bargl A2 gIolt. G5k Eeujol x| Ao wh
2} AdxpgE o] uig- & Ao|E Hol= FAR(CIE Y, B4
2] B3} 0§ o] 3ul x}o], Cochran ef al., 2000) A=Y F7]&k
WFEE 2] 54& wdeh] Slie LAk a7
Sdste] vl AE7F A est ofel gk A= e Al
TH(Cochran et al., 2000; Coppola et al., 2005; Savoye et al., 2008).
b B AT B e Seidoll s Aol
Sk kel obAlseIA b 7Rk W7Eele) 54
& ) 9 1) oA F HTh BEE wE) ATS 4

N p

SN, 2) MTh FFEYAS S5k WehalS sjetsh, 3)
YA f7 IR BYBAE TSl AR EPu 37

¥

3 QA e AAEY A 3] £ kel 3 =
g xRS} vlaate] oAl Ejujo} x| ofelx g
PR 7Rk J7dEE A SAS skt sigivh

WEEET

= oREAlsollA] ofgk TE o]83le] 2012 2¢ 104-2012
W 3 9dell AA F 14719 B eA A EE AHASFATHFig. 1).
o] AR 3 vE(%)s 7o EE Lok Polynya)e} 3l
(Offshore) -2 4= li=dl], ZE|Uok= W HlEo] 0%2! A
oJo]al A9 o] EANTR=(47-97%) 5] TH(the
National Snow and Ice Data Center, http:/nsidc.org). 3| HN= 7
A1, 3,6, 7,63, 8 181 ZEotell= FA 10, 16, 17, 19, 22,
31, 870] EEHATE F7 39 oAl HAS Hou; FAo]
3960 mell Z3h= 2]l (Open Ocean)*|<el] st Zal#] ]2
AL 480 m(3A 1ol 920 m(PH 86) WAQ L, Z2o}
Z]93e] 2 525 m(A 160141 1289 m(3 87) WIS Ho P
= UF WgFo R Filo] Trkehs AEE Btk Al AFHE=
A 120124 22 10)S AR E AR 7, 10, 16, 19, 22(2012
929 18y 9dell AA WaEglow, 29 2327 Aol
R el (83 86), ZElHol AN 873 31004 AEE AH]
3 H, 39 14 Bk AA 3,6, 63914 AEE AFEIITE 1
% 98l A 399 A& AF7} o1FoiF

35 9 F PTh 245 28iA 2 AH & 6-8712 F4lel
A 35S 3 1 AFHEI, o] T FEE HulS 4 ook
= S FACME YAV PThE A SR &l 3 LS
AFSIATE. YA PHThe - #*The} 54 2Th =9 A
0|5 o] &3 aL, §FAF BThS GF/F oJ3px| 9} 13 o35
ol-gate] YA AATE dllFell A FAEUTE HThe pA Al
712 Zgsp|lske] MRt 3o R i U 55 vy 2
o=z 345 212|513 tH(Benitez-Nelson et al., 2001; Buesseler
et al. 2001; Cai et al., 2006). 5= 3 Lol 23+ AALS H7}slo]
pHE 2 3k ¥=al 12ARE §, 4ol E Yol pH 8.0+0.15%
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Fig. 1. Sampling sites in the Amundsen Sea. (PIG = Pine Island Glacier).

gk} o37]o] MnCl, (MnCly-5H,0, 33.3 g L) €83} KMnO,
(KMnO,, 7.5 g L") €95 717} 0.1 mLA 7lska A 84
Hof s 1283 WRIsE. 2)4o] 25 mme! QMA (¥
= 0.8 pm) oA 9} 21F oA IFHE ARGBo] o stal of 7
= FAEY A AFAI MThe] SEEE F pAl AS7I9
RISO low-level beta-counter (Model GM-25-5, Denmark)E A}
gato] SA3IGIE. sllgrell EAlSh= #4Th ©]9]2] gl W& 4
2 PThe] W77} 2400122 s o) vz )7} ke 4l
F A idEH 7 3 0.59£0.25 cpmoI Tt AET] =
ojze} oA o] &5t Fik= ¥ QMA o FAE F7IH 0w 54
to] A=t I 5 020£0.14 cpmeth. =7 A 13] =4 A
F 10%019le™ 4 6(1xF 57 Al, 4 60 m, 100 m, 515 m
15 203] S4)S Alglsta 2t AlRE 723] W5 S8R
pa A5719] HE a&S B sted 2010d 1€ &
3l 443 1,500 mellA 2810 0.45 um 7+ HHEQ] oA 2
oJ¥}st & AS H718le] pH 152 Badt sls 2EEEE AL
B33l o] sllg= AFH 9 ol 5 oF 207l1o] A sto] BTht
Hyo] dd Foll EZaivta 7gE = Q1o *Th S 5E
By ey Ags] FHE 5 Uk o] dlE oAl
SlPAl s} sdsA Wt FAHT g SIS AAX Ao
7 7171 2% (cpm)2t B2 T3 9% *Th 5= (dpm)E ©|
g3lo] 74 A4 (calibration factor) 0.73+0.078 L},

olEAlE B 2] PTh EEE= T ¥ SAX 9 2ol A
Abstar, R HA FHE] S8 A7EK] 24Th #AME B3l of
o 1A B AR AF el W B A7 9] 33U &
Fof| oJgk 24Th A4 B AR Bl gk U4 (ingrowth)
HAS st o7]ol] 9] EFEAA ARl A AFE w3
of Akt sl 5 P4The] &1t el st 3782 %
TEAL R ARG ol oFEAlsl il Alseol B=A S
Follxe] slgo] Ao 7Pdstel MER BAEH oksitt Pfu
ZE 5 Owens et al. (2011)°] AAEE 38U (dpm L')=0.0786 x S
-0.3158 ARgEto] A AEENE ARSIt

N ol

¢

>

U rlo

AT et 2 AR Ul F5elM sl 153 LE 2
7} GF/Fel| oj7sto] Wehit & a7 (Flash EA 1112
series, Thermo Fisher Scientific)® 43}t

A4 F F 571 F5(total dissolvable metal; Al, Fe, Mn)=
228171 gstel 770 AR, 7, 10, 16, 19, 31, 39)°l4 F5H
= A o AelM A3 541 At AlZEE LDPE 500 mL
el sleE ol njdW o g o]F e & Ws Hykslo] A
AT o|F3IGitE A A wix|elA ks § BlEE vlEdst
JAF=(DST-100 Acid Purification System, Savillex)Z “g#] 5t
22k oF 2 mLE F7Iste] YdAtelA &% 7T 5S §E A
Aok e A AP & A A o]FolRon, &
7152 A A & ARt sllgrelld 558 sHAREEH
$13t>1 Nobias Chelate-PA1 (Hitachi Hightech. Ltd., Japan) Z¥|
og) #%l& AME3ITHSohrin e al., 2008). A8t ¥ FFAIES
10% HCPl A1Z$k 125 mL LDPE el 120 mL 23t 5, 20%
UEF OMAHOIE FNT} 20% oFAEAF S-S EFtslo] qHE
3.6 M2 $F89 2.4 mL(pH 6.0)8} YR UolE Yol A|59]
pHE 607 Ytk o] ARE Y ds FZ9} PVC 7S At
g3lo] £ 3 ml SHAI F0.05 M HEE oFAHIO|E ¢
SN 10 mLE 2 1 mLY etk 1§ Al 1M AT
3 mLE ARESIe] 1 mL min! 52 555 5810t 55=
EFES SN2 S| 2 AT ol sk FEARE
2fz=n} A=A 7] (Inductively Coupled Plasma Mass Spectrometry;
ICP-MS, X-7 model, Thermo Finnigan Ltd.)E A8-3}% Al, Fe,
MnS #4391t} o] w Fe CCT (Collision Cell Technology)
HER S48 ALY M ARE RER SAgIch wid v
a3} 9 ARkl mE FHE Wsh= In 5 ppbE-ols AlES} 3
Felate] ngatglch Anol AHEE B Slskel Aiet
HEF 9 AlEQ NASS-59F CASS-55 3] w41si9ict.

$71820EHAARH AR, QAR ], A A J1AE
& A% EF F27](QuAAtro, Seal Analytical)E ©]-8-3F0] 4
sFglom, 7+ 549 55 & Kanso Technos®] %% (Lot No.
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‘BF’)& ol-g-ato] A3t o 3] EAAF e 344
H3AaL, o] wf A ThAeF F5 Al g 14
&719] Al eAbE 2% B A4 Akt F A5 F
sko]
ZAstlet. dapgaree Gzt o it P E el A
A1) 2 (the stable isotope laboratory of the University of Alaska
Fairbanks, Alaska, USA)PIA 83l= 25247 (Finnigan Delta
+ XL)E olgslo] PC-UN 5§ wo1da AR S Sl 5
“Jalh(Lee er al, 2012). ¥ =Eo= g T F 857k =5,
F&, daEAE Asel gk A 9 sl sk kskeH
HThe] 718 B o] & o83k A f7ed JAFE=AE olEl
7] 93 vl RS ApaEy AREslol)

A Y o

ofl=2| 221X F&

A el slirel =eld 5SS AR flste] oFEAl
alf Zejuolel FIA Zejuolel A thirz]R] FRlEel thste]
CTDE B3 dojxl 2%, 9, £ A4 9 gPro] e &
EE TAEISITHFIE. 2).

%] &% (potential temperaturey= 2J3ljollA] -1.60-1.77 °CEH
0.26 °C), 8l -1.81-1.22 °C(H < -0.89 °C) 18|31 Z&|Yol=
-1.76-1.20 °C(33t -0.38°C)Q] EE R AT} Aol 4% 4 3
QoA FALSE 71(34.240.27)S B}, oFEAls] A (@A
1,3,6,7, 10, 16, 17, 19, 22, 63)°4] EZ(5-20 m)&] 258} 7S
B -1.6°C, 33.601H, 54 500 mo|de] AFolMs 259k o
ol Z47F 0.2°C, 34.58 Ho|x, IR AA (84 86, 87,
310 E EE(5-20 m)Q] 2529 GE-S ot -1.3°C, 33.60]1,
500 mode] AEeMes 259k ditol 4 1.0°C, 34.6%
UERY A9 A9 m50lM 237 fito] W, 4S5
AEo] H2 XS BT} ofFAls)] ZrluokdA 10, 16, 17,
19, 22)= H$] 2% -1.76-0.70 °CCHF -0.75 °C), B 33.5-34.6
(31 34.2)01 3, FIA EY o8 A 31, 87)= 27t -1.75-
1.20°CCE3F 0.13°C), 33.7-34.7(H 1 344y HATh g1 &
o} AFell 112 1419 =o] Ayl Wol Fo]=H| ol T}
A EUoprt oREAlsl] EEjyotrrt =4lo] 217] wiiFoltt.

BT EF(5-20 mellA] BPEE 2l3)] 346.9-348.8 pmol
kg'((3 3 347.7 pmol kg'), T3l 328.6-367.9 umol kg'(H
350.3 pmol kg), oR=AleH Z2uok= 309.2-366.4 pmol kg'(3
7 350.8 pmol kg, FR14] E] ] ok= 346.3-353.5 pmol kg'!
(37 350.8 pmol kgh)S] WS BT, A ES = ol
A ZlUololl A 83.7%(E - 16)0l14 101.1%(E H22)3  953%),
o1 ZelUoR= 94.7%(33 31014 96.6%(8731)(3195.6%)
o] M9E YeR). FFe glslielA 0.49-0.55 mg m T
0.52 mg m?), THalli= 0.71-3.62 mg m (T 1.79 mg m?3), R
A&l Z=IHoR= 0.48-8.90 mg m> T 3.44 mg m?), TR &
ZlYol= 1.21-1.78 mg m>(E 1 1.34 mg m?)2] WS Boh
EZ(5-20 mpellA] FE4AE 2 2015 Hol#] o Wi 3
T el wet wlg- F 2lo)E Rol=t] IRl ZEuole] &
ol AUk 178 mg m?S Hol1 olFAls)] Zejuol= o]

Hrp e 2 8.90 mg ms HERIIT AE(>500 m)ellA= &
TA7L Faliel EElyetell A 242} et 350.3 pmol kg, 350.8
pmol kg'& Kof FARE gk W iTt.

oFEAlE R F)E= =SS (CDW, Circumpolar Deep
Water)i= 57-0] 2F 2°C, 90| 34-34.5Q 54& Hol=
(Giulivi and Jacobs., 1997), o17]¢l| Wal7} =& &3 E= 25
F7F EgEol 2 1°C oY, B 33.7-34.39] WIFH H =
3k 454 (MCDW, Modified Circumpolar Deep Water)7} 3%
Ch(Jacobs et al.1996, 2011; Jenkins et al., 1997; Hellmet et al.,
1998; Walker et al., 2007; Nitsche et al., 2007). = X5+
T -1.6°C, T 33.2-33.8 WHlo|™ ET58 MCDW Afolelli=
L -1.5°C, FE 34.2°] WW (Winter Water)’} $)%3HGerringa et
al, 2012). o1& E3ll AT A9 F¥= MCDW7} A3l $1A|
ahar, el = 257F S1X8k 24 100-300 m Aol
WW7F EA8kE oF 5= SIth(Fig. 2). Aol 4% 1239
MCDW+= WetE 0] sl YAE +wsh=tl(Yager ef al.,
2012), o= AZelA dofuki= #*Th Aol 32 vl = s
Zo= g,

_55_ B4Th ‘E‘;‘Tﬁ

¢ Z U FFE FEE Owens ef al. (2011)°] AAE &
] AT @ A ks B8l FYsEla Bt sEe
2.35£0.03 dpm L& Blom, o= 7|Eol| E=alolA B
BU L % WA 2.30-2.50 dpm L Bl EZ3hE Sk
(Rutgers van der Loeff et al., 2006). & *‘Th &% TL<
1.18£0.08 dpm L'(8717)°14 2.67+0.11 dpm L' 19) B
1.95£0.37 dpm L") HI a1, LI A 5ojA Pl fEAF 24Th
T FEE T FEY 432%C37 160014 98.0%(IH87) (B
77.2+11.6%)5 4|83t

7k oA #Th 55 FE0 FAEEE VIS ARSI
BT F(0-40 m)elA] FEFEE Holal 50-100 m AlolellA] =]
ks Kol 1 ofeflellA thA] THAsHAY fAket SR
Btk A Aol 7 A HEh2 1.18+0.08(78 H17)-
1.73+0.07(37116) dpm L'(Ht 1.51£0.19 dpm L)2] H9= B
o] A Aol AA U E LRt AFEolglor, joEw F
S vl A Qe A= 1.68+0.06 dpm L', 3ol =
1.43£0.07-1.7240.08 dpm L3+ 1.57£0.10 dpm L), oR=A13]
Zg Yoo A= 1.18+0.08-1.73£0.08 dpm L'(B I 1.44+0.27
dpm L), 704 EE] ool 1.35+0.10-1.56+0.07 dpm L
(Bt 1.45£0.15 dpm L2 TRt Z2Uolol A <k 10%0]
A 2 AYS W tkFig. 3).

E5olA PThe] AR S S Hel T g5do] Zlojef wet
PTh G5 7 Zrkste] AA 22, 315 A9t WA A
Ao 74 50-100 me] MLl Fol] EdalA ek, ek
F AR E 60me 100 m-Zoll A U 5% vt
HTh 5% $57 & HdadS HehiZ| = $ith oleigh
) AL HA 6, 7, 10, 16, 17, 63, 86°I4 A=H T} FE o]
T3t o] 100 melske] 2 dollA] & Hdellx] ThA] BTh &
BE 5Tt oA FAS Bl 48 Aol ] 2Th A
274 6, 7, 10, 17, 63214 WAE]C).

o

rlo
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Fig. 2. T, S, DO and Fluorescence in the Amundsen Sea polynya (A) and the Pine Island polynya (B). Ocean Data View program (http:/

/odv.awi.de/) was used.
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Fig. 3. Vertical profiles of dissolved (open) and total (closed) **Th, and **U (line) activities in the Amundsen Sea polynya (A) and Pine
Island polynya(B).

A 28 S o] 83to] AlAbSt og(potential density 3o} APFESIS} I ARKES: olslislet] 3-8 T (Buesseler
anomaly)ell i3l ‘=& WebW 2 4] 2%, A ®isel e al, 2009). op2F U E PTh Fe 55, F=dsd 3 3=
e Wigl Q1S A = glom, F4le) tiEl] PTh 5% ¥ HS54A, FFE, 85 F71d4As 85 14 vlEel T3l Bl
TE vER AR f3uelx JFAy 45480 dAAD W SIIthFig. 4). AA] dlY9 F PTh S5k $59 e 9}
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Fig. 4. Distribution of #*Th, ***U, Chl-a, Fluorescence and DIN/DSi with respect to 64 (potential density anomaly). The dotted line indicates

Gy of 27.43 kg m™.

B} Ao ddE

% ol 5k, GYE, IFD 4
ol & MThe 2 4

afatr] <l
7 ol9e . Al ek
Aol LA AT Sl Sll] o 26.4-27.82 kg mP]
HAE Rt & #Th 55 555 o7t 26.8 kg m™llA]
2743 kg m7HA] T7FsHE AEE Holn, 27.23-27.43 kg m A
ol ¥Th Bk whvf PU EEke Fewch A e
T2 238hs wTF SRk o7t 27.43 kg miolde] 4
AeMs 45 F3 ARE Alskal thA] #The] *uxct A
Ae= e Bk

oo/t 27.43 kg mPo|slo|A #Th 5% s A52] 4t
AR 54 2 FFEe) AR ALY BEE RHolFSitt &,
oo’k 27.0 kg mPeA G54 9 FFLTL 7P 2 ks ek
Hhdol 24The 7H 22 ghs B3l o7t S7FehaA 954
9 FF7) Aache BaS HojFE 0 2743 kg melA] &
FEE AT AR HEgs YeERITE ek o7t 27.43
kg mPo|alel|A] The FgAel oJst A= Fao] Eush 3o
A Hsgks Bola, Wt Skl whet Aol ek s
go] Aashas FE7t F7FeRs A1o® A HT)

| TS} S 9149 BlES o7t 27.23-27.43 kg mP2)
Hololl A thAlZ HJghS Holal 27.23 kg mP0]8}9} 2743 kg m
o dellr A2 ghE Hol dFAel FHLIF Hujl HellA 85
F71A Y 85 qtdeel vl Aol o] dEAlow FrEE
2 eRfa o)9} AxtElo] B4Tho] HEghe Rtk & = Q)
o} BEok 8 F7)1dA) 85 7140 vlEo] o]l 73ke] I
4R elA 24The] #QJo] ASEHYUCHRE PThe] #o] &&
T840 AeNAQl AHE3H(Buesseler et al., 2009)2} THel=
7VFe de Blnk AR 9 AdEskel PTh A5 B Q)]
DS AR fl8te] ] 9t HThe A4 vl
Al5E 4 95 a18dste] 2The] 83 (-0.1<*¥U-**Th<0.1),
) (B8U-Th<-0.1), ¢’} 27.43 kg m?0)g B o|slof| A o] A

o

=
-

(FPUSTh>0.1) 0.2 FEste] Yepdl SthFig. 5). 85 T4E
MTh B % FE7F FEH A BolA Ftgto] 83.0£124 pMo] 1L,
Q1 AlZ oA 83.247.0 uM, T12] 3L 67} 27.43 kg mPo | do] A
AS Hol= digollA 98.3+7.7 uMOIAT). 647} 27.43 kg m
olstellr A& VERIE dli= 87 399} 8700141 54.142.2 uM,
1 2] AAEA 75.548.2 pMol STt T W A5 AE Ho]
T 3T T £ T4 5 WES Kol dlelxe ALY &
ABIAY 28 £35S Ho] 2Th M3ke)l Bdo] ¢l & 5 3l
Qom, A A (39, 87)% ALlekaL AEolxe] Th Ao 1t
Bl djlrol £ JiA 5 FEoM 9 AL 2Jo)E Kol
P4Th A7) §F 1749 AAdE TS 3] oH3ict. 19
A7 399 870l Aol e] PTh Aol & 142l w
Zgt 7hag) iAol gloe|e) o th(Fig. Sa).

| 57182 (Fig. sbye 2*The] F3 7} 74 A] 22} 28.6+1.26
uM 2 28.5£0.99 uMOZ FALSE 3he Wl WS P4Th 5
E57F oy7t 2743 kg mol el AS B wlis 30.7+0.61 pM
< Ho] Yy, 7 wie} fAkeE ahE VERITE 12y P4Th
5L 57t oyt 2743 kg mPuo|A] S Hol= AR
tisl, #Th 5= 5520] Afo] 713l Wt 8 F7144e] 3
ko] 2494433 pM(0.1<P8UTh<04), 22.043.68 pM(04<>8U-
PTh<0.8), 13.6+3.88 uM(0.8<**U-*Th<1.2)Z F23] #Aash=
B BT =, o7k 27.43 kg mPH|UR] ARl 2Th &%
T AFLS S TR AAS WAt BRdS 2t
& &= i}, o] w £ 149 AAE A ke A o

I *Th S5 SE7F L dlgellA] FEA &l
9} AL 2 §F A W WA FEE B 3 Y2t 9
HolFA] gkoprt, P4Th o] §& F
71450 et A 353kl o] lvk= X (Buesseler et al.,
TN A8} £ AR HES

X
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Fig. 5. Interrelationships between »*U->*Th activity differences and DIN, and DSi. The dotted and lined ellipses indicate St. 39 and 87,

and St. 10, 17 and 22, respectively (see text for explanation).

Mo

= 3ol A 2] o] BlE-S 0.351+0.0500] 3L T2 dgrell A=
0.345+0.029= B3P} 7Y a5 Alolel] YU ol wWE Alo]
© 719 givka k) weba zF Gekde] wst vl Sl
o] MThEge F7t FP7 7 oA 2Jol7) glorz
PThEEE v 5 e 8 77130 83 AgEshhck=
o] 4 e AHETE sk dAbEe] AEEo] AP
HTh7} S7eto] & #4Th ¥Jo] ASsIelttal sllAf s &= Qlrt.

o’} 27.43 kg mOJ3lol|A F PThe] A= sliollr] 8
71428} #2422 Bl 010014 0.59] HIE HATKFig. Sc).
OlF F 04 o) & #k& Kol 3l (Fig. ScellA] A4 ek
7 399} 87¢] sfdsh 8 tAavE  FOo= AAE si5(Fig.
5a)ek ARttt o] FHEolA 8 AL T PTh HH

el gl frALRE E1(24.741.12 pM)E RS, A ©ao)
A7tae] BlE(Fig. 5d)°] mi-¢ 2> #h& vERfe] o] A 3t
5771 Al EAEk e Ve = Qlvk. 8 A8} A7
0] vlgo] wh- AT 0.148) & PThe] Ago] wi$- & 3
2 (Fig. 5collA AXERDOIM = 85 AT 99 fARK &
E A E & ZoE AARY YAV fr e} A
Hlgo] ml$- 2 Zh(Fig. 5d)2 Kol 72571 ohd AEES] 93|
Th ZA3o] o] Folrta ot

ASolA el #Th % 5 A¥ HAE AF-fel ot
AN 23 Fdo] SItk(Moran et al., 1997). 5olA Lo
U= 2Th 299 o1& dolry] 93] & 4575 35 55
9} B W3ISITHFig. 6). & Aol F53 F 857 AR 6.5-

=
<
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Fig. 6. Comparison of »**U-**Th activity differences with total dissolvable Al, Fe and Mn concentrations in seawaters. Deep waters (closed:
potential density anomaly >27.43 kg m™) and surface waters (open: potential density anomaly < 27.43 kg m™) are presented separately.

742 nM(3 88.0 nM), Fe 1.7-159 nM(E+ 27.1 nM), Mn>
0.2-9.8 nM(E3t 3.2 nM) ©I$ith. & 857k 55& P*Ut *'Th
o &= s Ak vusigls W, o7k 27.43 kg mPolske] &
SAFoME ojd BEAE 3] oJH Yoy 67} 27.43 kg m
o] AE AlRoAM= HTh AR T} Al o] A3
A5k Fe?} Mn =8k WS #2738 & 5 Qi) oFEAls]
of gt 7]& A7elA] & 8E7Fs Fe 0.3-106 nM W91,
S22 0.04-1.31 nM S0 IR} F50] oF 95%E A
A8 th(Gerringa et al., 2012). ©] X|¥ollx RE Al Y Mn
AtmE AT Aol A 8 AlZ Mn ZH7} 0.3-1.2 nM
(Middag et al., 2011a) ¥ 0.25-0.6 nM(Middag er al., 2011b) 3
95 Ho o] X9 £F FLE FAREITL 7Pgshd F 45
7Fs w59 iy dAPdo] ApH|steef o dEith. A= o
A oM Wakel tiFo] g FatoA o A}t 3 =2 §
o= MCDWell 9]t E[252] Aol o8k A52] =t &
o] BarE|glth(Planquette ef al., 2013). Wb 2AZol2] & 4Th
AL AT o= FHEE YA F Feoltt Mn AkskEC] g3l 24
W w0 % whghttar & <= Qlvk(Shimmield er al., 1995).

BTh EYEHA

AT A AA FA2) 35 sligelA F 24The] vl vlsle] A
FHe BT o] Ao AE S5 AR ~ANA e 9
A SRS ShellA el whebA o] ARE TS
FsHA =W AT slirel] s ore PTh AFEHAE T
sk &= QltK(Savoye et al., 2006, references therein).

s Bl E SRk whaE W o] ¥hA Y¢] F PThe] =4
TS 72102 23k o9l ZrH(Coale and Bruland, 1987;
Buesseler et al., 1992).

6234Th/6t — (238U-234Th)}\, _ PTh +V (1)
71N oM Thots & PTh (84 + M) BEE 559 A
Zboll et WS Ve, A= 2The] B9 447(0.0288 d),

Pris WS A B TS WA R 2Thel F3E
€2, Vi 14 A7 01918l Bel €19 8 W AR MThe)

Table 1. Sinking fluxes of total >**Th and particulate organic carbon
from the euphotic zone to deepwater in the Amundsen Sea

Station ZTh flux POC flux
(dpm m?day™) (mmol C m? day™)

1 591 + 65 0.7+0.3
3 761 + 68 23+1.0
6 897 + 60 5.1+4.0
7 845 £ 56 1.7+04
10 787 + 65 5.0+0.8
16 561 + 52 57+1.4
17 1100 + 60 8.2 +3.0
19 728 + 56 -

22 1535+ 56 -

39 796 + 60 3.6+23
63 860 + 52 112+3.0
31 1006 + 59 12.9 £ 8.6
86 677 + 66 7.8+3.9
87 994 + 58 -

ols& YERITE 9] A WA g PTho] WAE I =]
= 2lelE vttt
B4The] AAZ = Al (steady state) 2w, 2] (1)e14

Pp= (U - Th)L + V ©)

o] #r}.

2 AelM= AT 29004 3ol AA AEE 134 58
=710l A dEnkS 7gstel #Th FAAEYAE FH8II
(Table 1). o] W, V7} Py, 40l FAIE 5= Sl gholekal 7H4
sieltt. o) AT Aol d o A ®Th S5 =7
0-40 mollA] #3:3k, 50-100 m 4ol HHE Uehlls 725
Holi glom HZgke] zloloA &4 9l FFErt HuAE
YeRdZ]el F212Q1 oo 7EAQ] EFRTE ATk
k7] wizolh W W tiF o= HE Wt X3k A9
o] Fol o] FH vk A2 FE A A EofoF AR A
Z Y] GRS AT A HA7F 33.7£0.13 (Fig. 2)°.F v
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_4

Atk 7= AFAE
ol5+g} ghte] 3l
1t (Buesseler ef al.,
1994 2009; Savoye et al., 2006) weba] FHARI o5& A
s P4The] FAE= A ok 2 (3)elM F74o] 7Fssitt.
Py = (U - 2*Th)h 3)

EAE 2] 9

Aol A3

I e A R
A= A Zdol7kR 2] P4The) U2 5% 5

m

afoketar, FHoll ez Aol FAHERE Aol7) Q7] wiiel
A A AA FJo] e A ¢h= 4 50 mE AEshs
7ro 2 Ak 44 100 mE 7507 ARSI % Zlo] oA
BYoll EdslA o= AR 229} 318 Alshd A th=A] ¢
< W= 95 ASITh
1600 5
| °
1400 —
_5’ |
1200 —|
N'E 17 r= 0.17
g | d 31
g, 1000 —| 4 °
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5 IE e M o
= 800 | ogg 3 S
)
g %%
<
] ] / /16>
600 ® L)
B L L L B L B
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| [
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= |
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£ 1000 — 4
E 4 o 763 /
°
& 80 | e 19 S
= | 86
3 1 °
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¢ )
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SR B

q; ond} 119

AT 713 Bt 7F A BThe] AEYAE 561 dpm m?
day'(’88 16)°1A4 1535 dpm m? day'(F3E 22) WAEH A

867+246 dpm m? day")Z HIth T2 FEFH oA F4E
B4The] FAEE A9 vlwslsl s ul, 2-39 23} (Rutgers van

der Loeff ef al., 2011)2] 12174364 dpm m? day' 3} AN} 0.,
29 ZEA3)|(Cochran et al., 2000)2] 1760+610 dpm m™ day'=.
E}‘E‘ skl 7(—]1: o] gj\-oﬂ gHE]——g]_oﬂE}(Table 2).
oFEAI O FAE B4Th A7FZ o] HHE W3l EAS
olalsl7] S8t £ 7R 54 HEF(Integrated Chl-
a) 9 3ol XY FoFd AFZEN-, P-, Si-deficiency)= ©Fel2
& olgslo] FsISiar *The] 7= A8} v]wslith(Fig. 7).

Integrated Chl-a= Z CxW,
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Fig. 7. Interrelationships between *Th flux and integrated Chl-a, and nutrients (Si, N, P) deficiency in the surface waters (< 50 m). Data

for sites within dotted circles were omitted for the regression.
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50
N(P, Si)-deficiency = Y (C,~C)x W,
i=0
Ci= 50 m off Zlojel F=ir, 8= F7 1At 8 110 &
Lo, was A9 S vEbdtt G 100 mETE O 212
FAelA ] & UL, 85 771 B & A0 B F

Lojr}.

The] ARTYAL PB4 e} 4 ARBHE A
o BAYS HolX) gkort Aa @ ) AR Ao

=

748 HoJFUHFig. 7). ol ¥ a5l
sre] 49 Axrt A 3HS Aelsta
th= A3}(Fig. 5)% LA|ah= 4
HoR= A4 9 Qo] A7) AdES

QR S =2

AR R MTh e A%

ehi.

k

LUK URK R7[E2} **The| HIE

UAPS F71ekae] JFAZEAE F 2Th A28 e 274
ARl o] PP 7 1ekasl AP P4The] vlES wsto] A
AT, J7 AxR= A 52 B8 &= E#(tethered sediment
trap)S 0188l A5E AF St ok shuk(Murray et al., 1996), -
Al ofellA Ffr E4E AFHSK] F8] % StHMoran e dl.,
1999; Gardnet et al., 2003; Li u et al., 2005). 184} - &2
= o]&sh= A= oFA g F=o] ulg Fask W) ot
=, ¥50°] 22 A FFEE PThe] olbxA vlgo] 22 gk
o] Ha F=o] & AF frleart B2 F AR AF
H]&o] AA ¥ th(Buesseler et al, 2006; Coale, 1990). THA| =
50 pm FEO] T2 7R oA E ARG A RS v
= Qlokar S A] th(Buesseler et al, 2006). 321 ] F=of uf
2 YA 71828} 24Th B]E-2 1->100 pumol C dpm™e] B
L9 Fo] R, oA F=0] 1 um$ls W o] Hl&S
2-13 pmol C dpm™'9] #tS K TH(Buesseler ef al., 2006). wW2FA
L AFelME GFF o3& ARG 1ol 53 A 771
€9l PTh H]E-2- 4 JAkelAe] 2 A 5 Hakel g
g} o=t

=

2 AFtelA= o] BlEE Fs] SldEl F3=0t Hui]l 4

Z s S A S )IA RS A st
= AR 283 gAY HThe & **Th
oA G4 PThe wiT+= o= S0l YAV #*Th
FE7F g @S A vlEEke] expt ol AR 7FsAdol 9l
Z1el vl& ARk Al AE A7E ALt £, F PTh 5%
571 1.18+£0.08 dpm L'o] 1 8 557} 0.98+0.08 dpm L'0]
W RIAMY 24Th -§57F 0.2£0.11 dpm L7} E|o] IS 24Th &
0] A7} 50%0de] Bk AAR NS 9 sHSolA Ao
A AT PTh % F 59 LA} 50%01dR] A= A
A7 22, sk 5 19 9 g70] EFESITE kA ERel AL
gk YAV PTh s27F w22 A5 AL)g Alse] o
slo] AP f7 IRk} P4Th vle-S ARlele] 545 Awrgict.

At F71EkA 9} 2#The] B]&(Table 3y AH-ZolA 7.16-
59.4 umol C dpm™'E¥ 19.9 umol C dpm™)2] WG 1L, s-=
M= 4 22220 m)E ALJSHH 1.17-13.0 umol C dpm™' B+
7.08 pmol C dpm™)9] W& Ko o] 3HF-FHTE 1.4(7%
7 86)-10.1C8% 1B 3.8 2 #k& BT ol FFrt
HulQl lellA 2717 & fi7lEde] F5-6b] Wioln &
okS sHtollM= A7 & 7= Aol FHASIST] Wi ow
T AP 71 AAEYAE 5P fste] AHEE]
= YA IS PHThe] HlEL sHEEe] whs A Esielt)
o] gk F=ol 1 umQl AFAE o3t Ffi=elx dojxl 2-
13 umol C dpm™(Buesseler et al., 2006)2] H$| 2} AL] UX|eh=
e HeEhdiEr

U= alje] gt vl w(Table 2), 22812 o3E5A171(1-22)2
%k 13.0£5.89 pmol C dpm'Hrh= 178 21, 7RA7| (489
FARSE 7kl wbA el (2-32) %t 4.80+1.46 umol C dpm'H.TH
1.5 2 gholl sfidsieh, ek 1290 2AME A=A A X
2ol e] 7.2541.67 pmol C dpm™'$h= fAFSE grolglth.

QRN B7IEK BYBRIA
QAP ARk 2Th BB 0 QAP A7 16k The]

Table 3. Concentrations of POC and particulate ***Th activities in the water column

Station Depth POC TITh, POC/~"Th, Depth POC S'Thy POC/~"Th,
(m) (uM) (dpm L") (umol C dpm™) (m) (LM) (dpm L") (umol C dpm™)

1 70 6.77 0.57+0.13 11.8 100 0.79 0.67+0.13 117

3 20 6.78 0.31+0.10 222 60 0.84 0.27+0.11 3.06

6 20 7.53 0.49 % 0.10 15.4 100 1.85 0.32+0.25 573

7 70 745 0.70 +0.12 10.6 100 2.29 1.1240.12 2.04

10 55 8.89 0.74%0.11 12.0 100 5.59 0.87+0.12 6.41

16 30 29.7 1.06 £ 0.09 28.0 100 5.74 0.56+0.12 10.2

17 35 8.02 0.46+0.11 17.3 100 3.55 0.48+0.11 7.44

19 30 5.58 0.29+0.12 19.4 100 271 0.09+0.12 -
22 70 15.8 0.15+0.10 - 220 12.5 0.59+0.12 213
39 50 3.44 0.48+0.12 7.16 100 2.12 0.47+0.13 4.57
63 30 10.0 0.45+0.10 223 100 6.86 0.53+0.13 13.0
31 20 14.9 0.25 +0.09 59.4 120 242 0.19+0.12 12.8
86 20 7.74 0.49 £0.10 15.9 60 5.82 0.51+0.13 11.5
87 40 7.28 0.42+0.11 17.2 100 3.55 0.05+0.14 -
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HE-S Balo] fdtlellr] 5oz J7E~E 4] POCyh, =
(POC/Th), x P& ©]-83to] F74 331 ch(Buesseler.,, 1992). ©] o,
(POC/Th) = 7 AblA AP f71RkA9l #4The] H]E-S v
et} AP 71 AAEY A= 07083 1D)-12.9(8 4
31) mmol C m? day'(E 1 5.9 mmol C m? day') B = el
et wlg- & HeE HSItK(Table 1).

g8t AP f7lekAR JAEY A S k] fJste] #
Aol Mol AR 60 72023, A7 117°43)04 71748 T3]
72°40", A7 117°72" Aol G2 EAE EfS olg3slo] 57
Sk QIS 7 'k 32829 ¥ WIStk (personal communication).
o] A& EfIZ 2011 1€l 2012 1€ 717 5% 5 425
melA] SFE=, ERW AR F 2011, 2. 19-2. 289} 2011. 3. 1-3.
15 717F F<ko] A} f71eka HAAEY A= 242 1.6 0.5
mmol C m? day '©|3{th. ERFR el vwsk= 44 eollA sli= A
F3 7= 39 3UR F Ago| dAR Al7|o| 22 Fghel
1.1 mmol C m? day'& ARE38Ie] 4 100 mollA1 ] FAE=-AE
243150}, 100 molAe] AAZY A= Martin er al. (1987)8] %

443)
FIO(): F (Z/]OO)-b

£ o]g3I o, 7)1 Fipe 100 mellM 2] Z2 2, 2= 3 (m),
Fi= o#l ZlojolM o] Z8 0], b= -0.858F Martin ef al. (1987)0114
ARG ghE 0] 83181t o] & B3l e FEY A 3.6 mmol
C m? day'©% ¥ A7 HH eolA Fofxl 5.1 mmol C m?
day'9} AR 72 gk Belvt.

2 ATelA] 93 AW sk FAEEAE A A
oJEH(129) A=S! 3455334 mmol C m? day'oll H] &A= 7]
S gol A, B34(10-11€)2] 441 2.8+1.6 mmol C m? day’
(Cochran et al., 2000)5.tH= ¢k 28 2 glo]l o, 9dafol A
7HEAEE-48)0d AR Fk 6.6+5.1 mmol C m? day'(Rutgers
van der Loeff et al., 2011)2= A °20] SITH(Table 2). &
AT 717kl doix oAl o] AA} AAFE 2 2-40 mmol C m?
day'(F ¥ 24.1x11.3 mmol C m? day') HLIR 21, o]= 2010
W o297 2011 1€ AR AFoNA dapBakE 187117
mmol C m? day'(Lee ef al., 2012)5T} oF gil] Zk& Zlo|git}. &
2alor IEH(129) D BH10-112 )l Folr AxpgaEe 74
Z}F 61.3+23.7 mmol C m? day' %! 19.7+20.2 mmol C m? day
o= oREAlsfeA o} FHL 3wl o) F Flolglont Tk
22819 3 I AR FEoldinh =, JAVE e JAE
gaol dxpArE ] 71 A ool wet 2jolE HolANk 11 ¥
SRS 2 A olA] Ao wlet v & AjolE HofFlth

FRadelA] S me] QIR f7lekA HAEE ek YA
S vwestd A P £88 A9E 5 UtH(Buesseler,
1998). Z*Th/”*U BB S ARGste] 43 YA f71eka 3
7Ee 9L AP ] BIE-S ThE (%)= FAI8lAL o5 Uz
A3} 3 Fig. 8ol EA8133TH Buesseler, 1998). ThE H]-&-2
3-50%CHT 27.8+19.2%) BHE B3 PR At gkS o
ERIR= 9kgkom | Fig. 8ollA] 50%4S wat v 7l A, YR
67 7970 12.5£10%2] 7k Rolct. Llale] 399 A7 AApY
Akeo] wj-9- 2k Lo 7 o] H|Fo] 100%e]do] Ho] AFEE H]

40
Ve
7
7/
= ThE ratio 100%
— 7/
- 7/
2 30 —| L7 4
o] Ve
~ 7/ ’
'E s/ e
_ s ThE ratio=75%
@) / 4
e o7
/7
g 20 — y e _
RS / Ve _
7 -
X _ ’ - ThE.rafio = 50%
= s 7 31 -~
© s . 639~
) 7 s . ®
g 10— L7, 17 8s ~ ThE ratio = 26%— 1
52 U e --" 16
P _ - 6 10 o
-3 , 72 _~ - ® °
A/////3”’7 = ===
sy -® ¢ — — — T ThEratio=10%
0 === ‘ T [ I ‘ I
0 10 20 30 40

Primary Production (mmol C m2day')

Fig. 8. The relationships between primary production and **Th-
derived POC export flux. The number above the symbols indicates
the sampling station. The dotted lines denote the same ThE ratio,
which was defined as the percentage of ***Th-derived POC export
flux over the primary production.
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