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S, JRHEWX FPELG =0T LGB E] 25 Ma. H TR
KU A REM KM Nd FARHRE,
B4 ERPHER Nd [ BB SRR =, JF HR
391 SC Tk 412 38 22 i = B S AT Ak 04 TR KR BE AR R (3¢
BRIL,40). BRI S, KOPPEIE K = ena T LA RE
o, KRR 2 0 A WG BRI K L R, £ AR
TR0 ena THEC R I A, TR 2 5 0 XAk i A
AT DA 3 R ST P T K A Ve g (. (B, — B RISE

Xt AL PP YRR TR BN N [l 38 B A BRI
4 A2 45 05 kD BAR B DGR. IER D dnat, AT
TN [7) {57 3 7 G 98 30 A ) it T AL 2 A4 L BT
TEILJLAF Nd [R) 37 22 1 T 7 5 85 0 B ol WA
PR pk3y -l vk ) BB 34 R ), SRAT M bk
SRR O LA Nd R IR A U R, R
A PG R A PR A - 1] D L 2 0 T A RUBE B9 AR I
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e, WP AT AR A B U g 4 g ke
R G P BRACTE U 4 T 5 i B 9 R,
FATIBUE T LA P2 7K B 7K P A% i 2 TR OK i
SN Nd B ZORIE. oAb, ARIEA URRAT 1K ds,
FNTHE— 2L FE T U R PR IR K Nd R 28 7R
(] ] = A8 A I AR E B

1 BRIL KR FETR R A &R B AR WF S IX PR

KPR R Z P EFERB LA 1@
OS2 R 0 e 2. BB (Kuroshio) & Hr b K P 1E 3R
MAG AN 2z —. F— I, FEVL AL i) K
HEHLIX (40°N LUdk), il (Oyashio) HH 108 B £ B9 26 i
AL R AL PG K (NPTW, 0=18~25C,
§=34.8~35.3, 0,=23.0~25.0, /KIE 100~200 m)) i/
A e AL RS R R IZ K R BAR B
X BEAT 2K AR IR IE B, (H 2 2 K — i
AT LA 3 R G i g PO, it R 2 K R A 3 R X
R U v W 200 E A Ty S A R B

W ALK VE T R K (NPIW, 0=1.4~6.4°C, S=33.3~
33.4, 0y=26.6~27.4)53 i tEAL K- Z 300~800 m 1
TR, I T KSR A A 3 3 120 rh Rk £
TEMAEZ) 40°N [ R AL H E 29 150°W, 17/ & 20°N
Jei, WBAMR [ P, 7E K2 3500 m R IRIZ TR,
FENR H LSRR K(UCDW), MR KR TE R
KVFFEAL . FE AR A BT, TR — D AR
B, A RICAR K, I BRI TR K
(PDW)— 3 (EEE R AR L IR 1 ()T s 2R 2,
3500 m LLF 9 5 OR 2 VR O R T ISR TR OK
(LCDW) [ db AL 5, 32 R AE 2 b AR RE, J2db
KV PE VR K (NADW) 14 58 A B4, Jb S P8 T 7K
B [E1 3 (return flow) 32 24 HP 7R 2R KO-V i X, i H:
I EFAL T 20°W PAAR (400N LIJE Y X, B
TEAH Y 6 T BACAL KPR A 108, v 2 0 3¢
fk[24].
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HAERIE: World Ocean Atlas 2005. http://odv.awi.de/en/data/ocean/world_
ocean_atlas_2005. I8 B fU3R T BRERLE5ERIZREM ana (HIM G, WG
ik PR, MZEBIA R IREE M 1500 m 25K E]Z 3500 m

FHEARXIREZ) 150 m FNPTW LLE R (S £9°4 35.1)
SHARAE, T NPIW(500~600 m) I LA e AR £k B ok 45
fE. [, Fdb KRR K CNPDW(>1500 m)iih 48
B FAEE 72, MEIR /K (AABW)Z it NPIW /b i
RA s, EAEENE, B TFKEERZ DS
BRI KA TR A, SEARX NPTW BYEEE
WA AT BT IAAR, T NPIW B T J32 1 E6 1 7 e T s
2 FeEE

AR SCHIF 5 1 4 445 7 300 2 R PERID IR R, R A
Hr b ARSI L (] 1(b)). AR RZRE G Y R e B
4555 i ] iR R EIEZY 10 mg, PAUT Nd R R
AT, EEFERKIR WL 1. Nd [ ZE 5T 7 /5 K2
AR 4 BT IR B AL 9T B R EE A 0 = R R,
KH LN WA AIEL FRisk i ok 617 Nd fb2# 32, Nd
[l v 2 FCAE I %€ Bf FHAX %% 4 Finnigan Triton TIMS.
'OINA/MNA He I o R b R s RN R
“ONd/Nd=0.7219 HEAF R IE . BE S I Y ) AR R
INdi-1 Ay &2 MR B 0.512121+2 (20 external
standard deviation, n=15) .
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F1 BENdRELRSTER Y

K& 7K (m) "NA/"MNA(E)R) &nd
CA02 3285 0.512452 + 4 -3.6
EEM 0.512453 +2 -3.6
CB09 3474 0.512452+2 -3.6
wEEM 0.512454+4 -3.6
CM3D34-1 2748 0.512454 + 1 -3.6
EEM 0.512460 +2 -3.5
CLDI10 2850 0.512454 +27 -3.6
MDD53 2700 0.512457 +2 -3.5
MP3D07 2860 0.512460+5 -3.5
MKD13 1530 0.512471 2 3.2
CAD35-1 2000 0.512486 % 1 -3.0
MIDO03 1680 0.512497 +3 2.8
MKDO03 1900 0.512479 1 -3.1
CXDO08-1 1910 0.512467 +2 -3.3
MIDO04 1950 0.512469 +3 -3.3
CADI0 2480 0.512469 + 1 -3.3
CAD25-1 2750 0.512453 +2 -3.6
CLD11 2750 0.512458 + 1 -35
CM3D38 2548 0.512471 1 3.2
MDD46-1 1950 0.512482+3 -3.0
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5 M-3.6, HIME KA N-3.4, (B2 Nd [ E4H N
Wi 25 7K TR Y 78 IR 5L B B R (18] 3). R IR
K EFF(HAN<2500 m), 8] — VR eva 28 TS S T
KKK 3, 4), (ARSI 1] L AAEAE ana BB

3.2 I Nd [T R A Sss s Nd g f 5

WK 3, A X R ang 187310 5 B W 1Y FEAE
SEFERIAE R B N, AR R —, e
3000 m HYIREE, 165°W 5 AHEK T 5000 km B 150°E
B35 149 45 52 (MDD53, MP3D07)éng (1 H-3.5~-3.6,
BRI (ana<-5) KB B B B A Nd. IBA'H
TGS R Nd R AR, nfe] 55k R KA ena TR
37K (ena<—5)FHTR G DT A 75 A% X TR K ena F1E T 155
3 2)-3.5?

AL AU AT T A A S R N IR LA K
BABLEIA: (1) PEXRY #Ok JL R 7 R 2 Nd
AR (2) 1) N U0 AY Uk W i s )2
(<200 m)Nd H# ATREEPY. (3) HEARIZIE K ena
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TURRAY) 1) g K R OO B N, Il DR
T A KB P2,

Jones % A0 3 21 Nd Al 2 4LRLAE i
REME, I Nd BN — B2 RFITER, BT
Nd [A) {37 28 16 W 7 3 )2 BIHROK Y A, Al b K g
HERRZE SR 5 50br Nd R R B A AR b b 4,
EJE X U AT P TR A AEL 45 SR 0 L S PR A enva (BT
. DR PERZ K0 Nd 5 %R Bl A K
AR DL AR K & O R Nd 9 HEAIE. Siddall
25 N\ PO 2 ST N R 37 38 Fe Hovk B ARl i 4%
1, AEINA T NAFE R IR0k ) 25 T 9 7T 30 05 R -fige iz

i oK fi B A Bk K Nd [RI 2 KA Nd HR A8 4k,
B8 S b AR PR K L Jones 45 A2 i) A 250 B
TCET B N, U B Nd 7 R A7) 2 T A AT 0 0 B g
SEAC T2 R KO R Nd A RK Y B AL
i, AEABSRAFAE 24 1A (1) Siddall % AP A A
AR Amakawa 25 A PSETLIN 2] ) A b ASE
WK T I AFAE IR 2 JZ (29 100~300 m) ) eng T ARAE
LI exa FETRE 7K 2 (R 1000 m)Z #7E & A R
fiE. XU AE TP b RO UGE R 2K Y Nd 9 5Tk
JETCTEFRAS I LER 2 1T R K 1) 8 0 S Nd 4
AL (2) BRI VY I A ILZE H -5 52 BRoUiiml L vy
G AH IR 2 BB ana 1598 LU S BR LI 1) ZEAIK.
X F A PR S W A AR W) 4, Siddall %5 AP
i T 2 R Ay b 1] A S 8 v RSP 36 2 U VR I i R AR
PRI F ik, BEA AL 2 oy, (EAR B TR X (L
W ECR B D Z . (HREFRATIN N, BMEfEAE
KL 5T Siddall Z5 PO il AR R S o (52
W22, XL R R Z WA KRR 2
A3 A BRI B ORI Nd SRR, mdn, BT E
Ja R S BT, ARG O R N Pt L g
B B 2K, hi IR B R K Nd LT A
i 81 PR 8 A T A AR A T LA R b R R R
RO EEGOK B R B N ) 2 BRI,

T ena TELAG AL IR RN L B B A T 7 R 1 % A
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REAR, PRI LB R oKL 336 68 %) 3% i o 2 ZE 4 v 1
WYERZED Ece R R EE AR R L
T BETR K 5 IO Nd A 28 B R IR, R Tk
ATTIAA LB A 2K Ly 3% 26 7 V7 v %) 5 fe o S 2
B B Nd YR IX

— TR R, b RO TR K
B Nd >R 3 R U JE B R AR TR Nd %
i (19110 0~3000 mP?), SR 1) b P H 0 R
I 51K v H B RIEKIRS . KRB T R PER
KB R Bl s AR XS R B Y, HL N Arsouze % AP
AR B B R A TR PR B /N T 3000 m (DT RR A 34 45 [h)
TR A N, (EARE H i id 8088 268k, KR IR
Y 0 i - A Nd A R 2 A6 RS PR TR K i B 22 1)
OGS R Nd PR AL AFAE— 2L [a] 5 (1) #8id 1000 m 7K
REYFGZLUURR K Nd 384 H RS %A MiE T, X
A X I RV Nd AR 2T sl xR A
fH 2RISR, Amakawa %5 A P8IXF B 36 B S0
SRR K Nd R 2 L B, 2T e e
BRI A Nd B384, (AR 52 3500,
(2) Arsouze 45 NP2 it A Wy b ER Ak 27 I VRO AR
AR BE AL DR /K Nd 324 0] 8 o5 3] T 3G EE
fift Nd i AR 90%. AbATTH T 50 3 & 4 1) ki B AR
7K Nd AZHcil il Nd G35, R BEAR Iy M i Bt
Nd [F; R Ak, (EICH: A R Nd 7876 5 P A

T MR 3 F R A0 R 0L, NPTW 2 & i e ] Nd
A EL KR Z —P 254 Siddall POVRT 3 A I B A
WA RS ETRK B Nd 2T AR G e Ty -
NPIW DIF3iE 20K Nd &5 23 A A6, 248
Ji ) T 38 S ORI B A R DL SR i AR
. AR 3 NPIW /Y Nd [F4 2 4H 0 ANH—
(ena=—5.3~-3.1, T H-3.6""), XJEh FEEHA
55 BT AR & T V22 R TR) Nd )7 25 41 PG 7k
A, W (-3.9~-5.6) . FE#I(—1.6~—2.7)FIHR B
09351 fA A i G RO S AR R, Nd R 24
AR T fE R A VR AR 15 2 —, X 5 8k 45 7%
FKEFEAEG K F AR (<2500 m)[E]— 5 B evg 221030
RIS R 3R KA. BARARIE H AT A8 758
X NPIW 25 b KRR T 270 Nd kLU
wfliit, ELLVF R R, NPIW #4471 Nd 8
HRETATMAY. Talley 25 A" UGBS IT H A S BT
JKIRA X3 (mixed water region)HiIE LAY NPIW 24k
6x10° m/s. QIFXAHIE ALY NPIW LU b 2K AT

1550

SOPHE AR, BEHE N W 20 pmol/kg™, 76
2, NPIW %if A Nd f938 5 0] 7 5.6x10° g/a, 3438 K
AP EIA SRR A B HE(2.6x10° g(Nd)/al?h )
215, PICERATAT AL AR 2K NPIW 2l
KOFEEIRIK Nd BB SRRZ —.

AT LA 3 Ao A7 B OB AR A RSP R K N [R]
AWM. RS PR, R B
(40°N LUAb) A K (R K A B NPIW J X ) 51 ik,
AN 25 3 22 A SR I L L KL 38 38 3 fit 2 8 Tl
FERCA Nd JE ) Tk, AR PR K AR RS A A
T, Ho Nd [R5 B AT L5 gonpow=(Fgy X &sw +
Fie X &¢ + Fnprw Xénptw)/(Fow + Fip + Fpiw), P 25 A5
KFFER K xa W-4.1, X5 Jones % N2wf AP
K ena WISLBREBIME 4.0, JEF 8. Xit— @
LTI T A RS A Nd YRR R AN T A,
W b RSP 2 [R5 R /K AT NPIW A9 Nd fy H B 22 2%
fif B T A TR BR K S B N B SR I

BARY IR AP Wl AT LU — 3B Nd AR
K, BRI R BE -3k FE AR AL (18] 2) AT IR 258 5 R, v
JEAFHERIK BRI T e R K B RRE, NPIW

(c) Rith AL KR TRMEK (F)

© Exm pipkTERK [ LRER
TRBE () —
I A T TN s
(b) Efth .
(0) Dt £ T3¢
B K

(d) EFFAK(FL)

B 5 sdb K FE@0N PAE)EE K (1500~3500)Nd H XX HY
NERE
(a) NPIW (W N USRI N 120 & T )21 O T DU (4
SRR NA(AA b H), 33 B AR NPIW R X AR B Nd. F,=5.6x
108 g/a (WLICHFI1HED); Nd [ 2 Z 4 ilig,=—3.6"". (b) A4 X,
JOTR T TP A RCEEERZ AL (o) WAL AL RSP TOK
137 3B B2 4x10° m/sP, Nd ¥ B B AP b RSOk AR (~30
pmol/kg™, Kt Nd il & F 220 5.6x10° g/a. [RM 2 H (&) E 85
457 R R RIS RE 20 92159, (BT BE L BRACHE R 5. AR SCIR
ST O AT 2 ST AR St 7 PR 3.0, (d) Zmtadt (R Rk
AT AR 58 R 202 8x 100 m/sPY, iRk AAR X
YR R /K SEBR_E S UCDW(<3500 m)#Y U AT PR A X 24, (Rl
Nd & IREUS b RSP RK AR (~30 pmol/kg™), Pt Nd i
Fe 210 11x10° g/a. [Al; Z 4 g A SCHUE-5.0, (HEK—4~—52, &k
Hi 47 FIZFE(4800 m)ZI—-4.61). (e)~(g) A& PHLIFAIK Nd (i 3
BL, FERRAS ST R 2 LA RD A Aot RS R K B Nd 4LAL
(=401, T 388 o U] 2 T R 04 sl i A R (Fy = Frg+ Fow + Fp)



LR FE R IR AP 8O0 H R m AR /. X 2R
FIAE TR TR SRR S R R IR K AR R, i
HAERA L LAt g NPIW iiot. Hi T AKX AR
KPEIK ena LIR30, GRS, 7o R ERE ana FHIMHE
LA E]-3.4, JF HE5% RZFEM ev H 2 P E
TREEE N 48 T ey e sy, (R E-3~—4 2
] (8] 4), 33X 8e 13 IR /K Nd [R5 35 152 3 1 ik
FHRCING W TTER, PRt KK Nd 91T
HIFARST. SEBR F, 7 Nd K RS ERAY FEAL
) 2 A o S I B (e i SCRik[13,14,370). — T
T, TR Nd 0k EE R A TR S i yg .
e FP AU, Nd W AT DU R ZE K2 5 pmol/kg
HARBRIZ MG K2 30 pmol/kg. 33X R T 47 AF 154 FH
MK Nd 54 Y BRI A G A B R p e R U
P YR — TR K R 2 R, SR )G R Uk AR
K, XA A AR R 43 B A ) R ) A T R TR
A7 £ A AT B e BB Nd 250 R IR i R A K
Oka % NUINFAb K 7EH Lo R pF stk h, R
A 0 (L Nd)E R DLIBUR 9 22 181 A 7T 300 g B
it WG A R A TR S o ORI 380 114 0 A s - G 2R MR AR £k
FImE. 25 BRI, FATIAh NPIW #7171 Nd F 2158
Ik PR T 335 G R i A T 2 A TR K

WA — A 0] T B RE, W2 N AT 4 NPIW 1
Nd [A){; Z 15 5 BEAE A R b K- 1 X 2 Ak i 5
FEARNAR, Aok BB KA 2 B AT AE # )2 K
A 32 4 A G S A VD B Nd A, T LA &R,
AR K —3FB 40 K i A Nd K R KB 2R 5 50 A A %
Sl BT R B 515 AR BB K AR, PR I o 3 J2 K M
FNPCE S P IR RE R 2R RS B Nd 1Y
AR /N, A A R (RLOR B A
ECONEE 2 N |y N 2R E P I 23 P35 % W RN ]
Nd F R Z AR (ang H-10 ZE4715%), SR KD AN AT
AE TR & AT AL Nd Bk IR, IF H B R A R
0. MFRATATIA A R NPIW B4 Nd (1) 2 fg
R EN BRI AR 2 4%, I NPIW 1 bk 37t 1
) R JZ AR 2O B X P Nd s kR
FZIKARIEURL ) BT BE i Y Nd B, O 29k
ey QNS TR

3.3 WiETE Nd HREA R

SO R, R R K (NPIW) 2 ) b
RAFPERK R Nd B B2 GRAE, 5B AR PR

Kl —&, AR R AU RS PR KR Nd R
AL, BIE T R ASE T AL R R 2K A Nd e
FE T HAC R AR Nd 4RO B A
NPIW JE R F LR F R 2P R AT & T
TR, KD LA R 322 B 2R TR i i Nd [ 7 RF
DR A, FHIEATFE DI A—AT 250
A AR B 2R TR Nd 7 f E A K A9, {Ham
TR, B NPIW B A 2 R b KPR K Y Nd )
Tt — e, X ADLEIZE LS A9 Nd 1
WWFGE p Rz 5 R E A, FF HLIRATTE SO ok A2 B
F b R K B Nd A3 A f LR, 1 48 NPIW /) Nd
] v Z R HE B h F

3.4 EE5ER)ZRENA [H 7 3 Sk DR B A AU b
ALIC Y Nd [ R A A

WE 3R, B2 7E R ZRE ava BEKTRIRJE
M 3500 £ 1500 m £ ZE MG I, XA BRILR
SRR S Y I ) Nd R R A 4550 R Z R e
1B ) SR AR AL R ~0.6 A~ BT 5 7E 180°Ff i 9 2000 m
DL ARAVR S5 50 B R ZRERY enva ZELHE /AR 0.3
ANBAT). Ling % N5 HZ M 45 5% CB12 (~2400 m)
FICIOL(~3100 m)7e fb 3 A 2 U 20 2 iy Ho 3 i AR Ak mT
PLRTF 0.6 4507, MFRATIRIL ISR 150°E T 2
H4E5E(MKD13, MDDS53, & 1(b))Nd [A]4v Z 78 1k %
T (T4 & 2 B0t ) 0 2 BH 78 B 1 5 30032 IX O [ 9% i
K eng (AR 22 AT UK TF 1IN0, X R, 50T
FE, WS DU 28 6 ST Nd R 2R B 2 B —
RS 5 T fins.

= EARE RIS, AR 2
FERIZFEM ang HOFH-3.4, ARSOE TA X ST
7K eng BIME(=3.9%). Nd 76 BRI K H A7 B8 ) ] —
CABCE AR, PR BRARIR K Nd )57 28 5290 52 ik
THEEFERERFEY. W m TAERKSERE, b
AU AT P K O R A 46 e A Kl R — L 1~3 mm/Ma
(AN SCRK[42]). A AR 45 7e A Bt mT DUAR 4 M sz e
B RUBE 18 R I AR AR RN X 45 72 A2 43 1Y
SO (PR I Han 25 U495 At 45 4 A 45 7 1 L
XA, (RS 3R AT AR AT 25 50 2 B Nd
AL ZAC R T A Bt £ — BT (<1 Ma, KR
FEEFE<l mm)f (AR, i i Hr A K7 2 R
K ONd FIEE, B TAFEE T34 R 0K A 1k
AN A I ) ROBE b (Bt 1 Ma DA A
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AR, T AT R Z RS AT Y ] ok L& AT
RE 115 T UK DRI - 00 0 T 7 S B4 (Y, ATt 3
BETCRIEAE M eng S R T BUACHE K (ELHY) — AT BE it
PRS2 AT A RSP R K Y ava (BB 5
9K Nd [RS8l RETF A AATERE A2 1k, Fr LA Rl
A—E R A it — BT 5E, 124 1 0%
Sl g (ELRE 18] 7SI I8 RE B T4 OB AR AL 40
R, NI IR N 20 BER A Nd [RA7 R LTS

AT T LA B B

(1) dbKFE7EF R K (NPIW)TE H 7S 8 BT i
FELAF B 0K Nd (&4 2 AR IL R )2, X
SE AR TP K & RO R NG TR 2 ) SRR
TRV o 22 2 U K IR I () N TR 2R B B R T
BN

(2) Nd #F ARG R AL TE LAAE B DF 55 4 AR
PURFST B A A5 B R S L, MR Nd A

4

AL, Z5aXe LRIEEK Nd [6 AR B i 53T,

XF Nd FEIEAE T RPRER Al fie Ao H 2 X

(3) HAL R TR K BB 4 e R R R L LA
BRAR VK H A A R N, 156 B 208 B N [ 37 K AR
B B TR RO AR A AR Y.

a5

ARSCHRIE T HCH AP ALK PR I 45 7 R JZHE Nd [

St RHRAERTARELR
%75 ik

Piepgras D J, Wasserburg G J, Dasch E J. Isotopic composition of Nd in different ocean masses. Earth Planet Sci Lett, 1979, 45: 223-236
Frank M. Radiogenic isotopes: Tracers of past ocean circulation and erosional input. Rev Geophys, 2002, 40, doi: 10.1029/2000RG000094
Ling H F, Burton K W, ONions R K, et al. Evolution of Nd and Pb isotopes in Central Pacific seawater from ferromanganese crusts. Earth
Planet Sci Lett, 1997, 146: 1-12

O’nions R, Carter S, Cohen R, et al. Pb, Nd and Sr isotopes in oceanic ferromanganese deposits and ocean floor basalts. Nature, 1978, 273:
435-438

Gutjahr M, Frank M, Stirling C H, et al. Tracing the Nd isotope evolution of North Atlantic deep and intermediate waters in the Western
North Atlantic since the Last Glacial Maximum from Blake Ridge sediments. Earth Planet Sci Lett, 2008, 266: 61-77

Piotrowski A M, Goldstein S L, Hemming S R, et al. Temporal relationships of carbon cycling and ocean circulation at glacial boundaries.
Science, 2005, 307: 1933-1938

Robinson L F, van de Flierdt T. Southern Ocean evidence for reduced export of North Atlantic Deep Water during Heinrich event 1.
Geology, 2009, 37: 195-198

Herguera J C, Herbert T, Kashgarian M, et al. Intermediate and deep water mass distribution in the Pacific during the Last Glacial
Maximum inferred from oxygen and carbon stable isotopes. Quat Sci Rev, 2010, 29: 1228-1245

Horikawa K, Asahara Y, Yamamoto K, et al. Intermediate water formation in the Bering Sea during glacial periods: Evidence from
Neodymium isotope ratios. Geology, 2010, 38: 435-438

Bertram C J, Elderfield H. The geochemical balance of the Rare-Earth Elements and Neodymium isotopes in the oceans. Geochim

German C R, Klinkhammer G P, Edmond J M, et al. Hydrothermal scavenging of Rare-Earth Elements in the ocean. Nature, 1990, 345:

Jones K M, Khatiwala S P, Goldstein S L, et al. Modeling the distribution of Nd isotopes in the oceans using an ocean general circulation

Jeandel C, Bishop J K, Zindler A. Exchange of Neodymium and its isotopes between seawater and small and large particles in the

Oka A, Hasumi H, Obata H, et al. Study on vertical profiles of rare earth elements by using an ocean general circulation model. Glob

Lacan F, Jeandel C. Tracing Papua New Guinea imprint on the central Equatorial Pacific Ocean using Neodymium isotopic compositions

10
Cosmochim Acta, 1993, 57: 1957-1986
11
516-518
12
model. Earth Planet Sci Lett, 2008, 272: 610-619
13
Sargasso Sea. Geochim Cosmochim Acta, 1995, 59: 535-547
14
Biogeochem Cycle, 2009, 23, doi: 10.1029/2008gb003353
15
and Rare Earth Element patterns. Earth Planet Sci Lett, 2001, 186: 497-512
16

1552

Lacan F, Jeandel C. Neodymium isotopes as a new tool for quantifying exchange fluxes at the continent-ocean interface. Earth Planet Sci
Lett, 2005, 232: 245-257



&
K

20
21

22

23

24
25

26

27

28
29

30

31
32

33
34

35
36

37
38

39

40

41

42

43

44

Lacan F, Jeandel C. Acquisition of the Neodymium isotopic composition of the North Atlantic Deep Water. Geochem Geophys Geosyst,
2005, 6, doi: 10.1029/2005gc000956

Miyao T, Ishikawa K. Formation, distribution and volume transport of the north pacific intermediate water studied by repeat hydrographic
observations. J Oceanogr, 2003, 59: 905-919

Talley L D, Nagata Y, Fujimura M, et al. North Pacific Intermediate Water in the Kuroshio Oyashio mixed water region. J Phys Oceanogr,
1995, 25: 475-501

You Y Z. The pathway and circulation of North Pacific Intermediate Water. Geophys Res Lett, 2003, 30, doi: 10.1029/2003g1018561
Kawabe M, Fujio S, Yanagimoto D. Deep-water circulation at low latitudes in the western North Pacific. Deep-Sea Res Part I, 2003, 50:
631-656

Kawabe M, Fujio S, Yanagimoto D, et al. Water masses and currents of deep circulation southwest of the Shatsky Rise in the western
North Pacific. Deep-Sea Res Part I, 2009, 56: 1675-1687

Kawabe M, Yanagimoto D, Kitagawa S, et al. Variations of the deep western boundary current in Wake Island Passage. Deep-Sea Res Part 1,
2005, 52: 1121-1137

Kawabe M, Fujio S. Pacific ocean circulation based on observation. J Oceanogr, 2010, 66: 389-403

Suga T, Kato A, Hanawa K. North Pacific Tropical Water: Its climatology and temporal changes associated with the climate regime shift
in the 1970s. Prog Oceanogr, 2000, 47: 223-256

Warner M J, Bullister J L, Wisegarver D P, et al. Basin-wide distributions of chlorofluorocarbons CFC-11 and CFC-12 in the north Pacific:
1985-1989. J Geophys Res-Oceans, 1996, 101: 20525-20542

Van Scoy K, Druffnel E. Ventilation and transport of thermocline and intermediate waters in the northeast Pacific during recent El Ninos.
J Geophys Res, 1993, 98, doi: 10.1029/931C01797

Amakawa H, Sasaki K, Ebihara M. Nd isotopic composition in the central North Pacific. Geochim Cosmochim Acta, 2009, 73: 4705-4719
Piepgras D J, Jacobsen S B. The isotopic composition of Neodymium in the North Pacific. Geochim Cosmochim Acta, 1988, 52:
1373-1381

Siddall M, Khatiwala S, van de Flierdt T, et al. Towards explaining the Nd paradox using reversible scavenging in an ocean general
circulation model. Earth Planet Sci Lett, 2008, 274: 448-461

Albarede F, Goldstein S L. World map of Nd isotopes in sea-floor ferromanganese deposits. Geology, 1992, 20: 761-763

Arsouze T, Dutay J C, Lacan F, et al. Reconstructing the Nd oceanic cycle using a coupled dynamical-biogeochemical model.
Biogeosciences, 2009, 6: 2829-2846

Frogner P, Gislason S R, Oskarsson N. Fertilizing potential of volcanic ash in ocean surface water. Geology, 2001, 29: 487-490
Amakawa H, Nozaki Y, Alibo D S, et al. Neodymium isotopic variations in Northwest Pacific waters. Geochim Cosmochim Acta, 2004,
68: 715-727

Talley L D. Distribution and formation of North Pacific Intermediate Water. J Phys Oceanogr, 1993, 23: 517-537

van de Flierdt T, Frank M, Lee D C, et al. New constraints on the sources and behavior of Neodymium and hafnium in seawater from
Pacific Ocean ferromanganese crusts. Geochim Cosmochim Acta, 2004, 68: 3827-3843

Nozaki Y. Rare earth elements and their isotopes. Encycloped Ocean Sci, 2001, 4: 2354-2366

Weber E T, Owen R M, Dickens G R, et al. Quantitative resolution of eolian continental crustal material and volcanic detritus in North
Pacific surface sediment. Paleoceanography, 1996, 11: 115-127

Jones C E, Halliday A N, Rea D K, et al. Neodymium isotopic variations in North Pacific modern silicate sediment and the insignificance
of detrital REE contributions to seawater. Earth Planet Sci Lett, 1994, 127: 55-66

Ling H F, Jiang S Y, Frank M, et al. Differing controls over the Cenozoic Pb and Nd isotope evolution of deepwater in the central North
Pacific Ocean. Earth Planet Sci Lett, 2005, 232: 345-361

Tachikawa K, Athias V, Jeandel C. Neodymium budget in the modern ocean and paleo-oceanographic implications. J Geophys Res-
Oceans, 2003, 108, doi: 10.1029/1999jc000285

Frank M, O’Nions R K, Hein J R, et al. 60 Myr records of major elements and Pb-Nd isotopes from hydrogenous ferromanganese crusts:
Reconstruction of seawater paleochemistry. Geochim Cosmochim Acta, 1999, 63: 1689-1708

Han X Q, Jin X L, Yang S F, et al. Rhythmic growth of Pacific ferromanganese nodules and their Milankovitch climatic origin. Earth
Planet Sci Lett, 2003, 211: 143-157

B ER, B, SRR, A EARSESE R A MR EAR: hERPUE W ENIETA S POThe /S Th WARIL ST HOBFS. o E Rl D ek
Bl2#, 2009, 39: 497-503

1553



