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Xgha Bk B WExE FEFRESN KCTPEEIESE

YKL TRMEEERK, RAEILABET pmol kg, HEHRSHERES
BEML AT BT ERRSBRERNEG. €491k, BRI TRRENST B EE
FRFEAEAREMERERE, EXFMHTEBERS, EASMIIEERK, mA
MERLEMRENHLCE (NP, Er %) MEBBHLYEME, SHERRSTIEEE
BE, HESARNENHLTE (Pr, Tb, Ho M Tm) WE# HLREXN /7. Shabani
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KR L TEWRE, B TEREENESR. AXUALKTFHENIEESKAINR, kE
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it st Tk P Y MW, FHEXETHANE LY IEFREMI UK Y 5/ LT
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B, ¥R EAR 12 RAEEN 0L AR MR KFEK CTD/NISKIN - ROSSETE X
TP, BEAEFEREHIIRE 3500m M 12 28K, EHEEHEEKOESR
IMREMELE. REKNAR REERAERELM) 2FE0H 6 mol /L MEREVEIEH,
MK A 203 e B AL AR (6 mol/L) BRILE) pH /T 2 FiBFEERE,

%R - REREHY SHETEN ILBAKPIERE, ZETHEHR 1% X
AHHBEARFEZRATSE TRIBENNTH. EBRAEETH 0. 25mol/L
M35%2 Z B — S RMEYS 65%2 22X S BMENFE R BEIEAS
NERENARERBE-—FTHERBEWMAB BRI} P, I TEHESE FRiE
U it R B, # Cd AR ZBEBRPENE AW, BTSETRIES 0
B‘J%fn?ﬂ‘]ﬁ]ﬁ?%”Y, 139La, MOCC, MIPI', 146Nd’ l47Sm’ lSIEu’ 157Gd’ lngb, 163Dy’
16Ho, "Er, '“Tm, '"Yb #1'™Lu, AP ERALRMNESERE TN, MA
% BaO* #1 REEO * SR th 5T 2 7] LA Z 8K,

BN EREN YRR ERGKT 95%. ER I TEURY MEBEFRIES
FHEE R 2% — 3%, BELTENNE 5% A£G, R ANE KRS, RIE
Sholkovitz % (1994) WFRER, EFEBKPRFRRLKELERBIE KL 4 %,
VAR S22 0T LA Z B AR T 3Tk LIRBERTTER. AT IRE AR IS AN T R K 3k
¥, La, PrAINd 45 10%, . EHTRY 25 5% BEM CeHAKRHNED
20% —40%, XATREFERB TRERSTSBFZHERMAB, HHASURY Ce tE
PFEMHE. B, XS AFEREAK (FER2000m) MEESHERESNT, YHERL
M EE MRS 3%, MmRHEHE % L£h.

2 #R5i1e
2.1 WKPHHBLETESGA HKEE BF BREMNEREREUEK I TR
AMERREL, B EATHEALESE kP Y IR L OENEESHE. HF La,
Nd, Sm, Eu, Gd, Dy, Er, Yb I} Lu B455H 5 Piepgras % (1992). Klinkhammer
% (1983) W¥URIER —.

%1 KEEFIHEEKMRE AE, RS K, CNRLTRRE (pmol/kg)

Tab.l The results of temperature, salinity, dissolved oxygen, nutrients, yttrium and rare earth
elements in seawater of the western North Pacific (concentrations of Y and REEs in pmol/kg units)

HE RE BE BREYE 8i0 PO,

(m) (C) (m/L)  (umolL) (umolL) Y La Pr Nd  Sm
0 28.2 34.610 0.0 0.00 69.8 4.72 1.25 4.99 1.16

25 28.12 34.597 4.61 0.0 0.01 71.1 3.28 0.78 3.70 1.11
99 19.03 34.865 5.51 (5.1)]) 0.04 72.0 1.43
199 17.68 34.820 5.44 0.8 0.22 77.5 4.65 0.90 3.57 1.10
197 14.90 34.615 4.74 8.9 0.70 90.7 5.95 1.46 5.81 1.35
695 6.61 34.071 3.74 59.4 2.05 160.8 15.98 3.75 16.06 2.72
993 3.95 34.253 1.36 119.2 2.93 210.8 21.94 3.71 15.65 3.39
1486 2.60 34.491 1.23 159.3 3.02 248.3 26.28 4.03 18.65 3.91
1980 1.97 34.597 2.22 3.17 270.9 4.52
2472 1.71 34.638 2.90 163.6 2.69 273.6 30.19 5.01 22.09 5.09
2963 1.58 34.660 3.25 164.8 2.62 280.0 33.53 6.13 25.67 5.41

3453 1.50  34.673 3.55 161.7 2.45 289.2 35.06 7.43 32.47  6.49
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gx1
?{5 Eu Gd Tb Dy Ho Er Tm Yb Lu
0 0.32 1.76 0.33 2.45 0.64 2.03 0.27 1.59 0.23
25 0.30 1.58 0.32 2.33 0.62 1.99 0.26 1.45 0.22
99 0.30 G.o)" 038 2.26 0.62 2.05 0.28 1.61 0.25
199 0.30 1.66 0.32 2.45 0.66 2.09 0.29 1.55 0.24
397 0.37 2.05 0.38 2.91 0.79 2.63 0.36 2.13 0.34
695 0.70 4.13 0.73 5.42 1.49 4.92 0.71 4.58 0.75
993 0.93 5.10 0.96 7.04 1.98 6.70 1.00 6.58 1.15
1486 1.08 6.01 1.07 8.17 2.32 8.00 1.18 7.98 1.40
1980 1.18 7.74 1.24 9.26 2.60 9.07 1.38 9.47 1.64
2472 1.39 7.35 1.31 9.88 2.74 9.30 1.41 9.42 1.63
2963 1.43 7.81 1.42 10.62 2.94 10.00 1.52 10.25 1.79
3453 1.67 9.13 1.58 11.51 3.07 10.11 1.49 10.10 1.72
1) WESHRIBERF 5.
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The vertical profiles of Y and REEs (pmol/kg) in the western North Pacific
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- B—[E{EM Pr, Tb, Ho LA} Tm 5 De Baar % (1983) R iRy & P 7 i 5048
M, BETERNSHEEEEHU, BEREHED 30% £4H, TLUANXREEAR
IR, L& De Baar%¥ (1983 )ME R, fEEFMENH Lt o miL BRE LS
BE, YRR SHITUE—H (CelRsh), EMKEE L2 EHRLBNH,

YA R KRG OB, TTLABRImE 2 IR, BR,
R MEEAME KR L TERMER, FEHLSH, ERLEE, M Ce BRM
FH (R Ce WEIRI A TR, A HFELERER, 7% Ce MEEMTAE S ).
BRHKOBR I BT ERATER LHNE FERURBRE L/, EEKPESH
COY HEBBRENEAY, RO TFHRMTIEEABKPHER, MAFH Ce
BT EAPMEENETZRE SHSH LB RRBLFEER. Ce KT H M
AR =MEREMRNEEOLY, BELL CeO, BRS MnO, [FE MK F I T
Tk, Bk, K Ce MIKEERI NN KRN FRIZEFFEK, £%FTF1000m g
Hk MRS —E M, JLEREEL.

BETENSIRERAECKKERENEES A A LN BREE NENH (83).
La/Yb H{ETZEKAEWE B 2/, $$HI7EKBE 1000 m 2 5 HA L FREFERAE,
{6 La/Sm 5 Dy/Yb WIRE, EA4FIMEE M NmE M/, SEREENSF
MAHERBBERKGR/ME. XE®RFANTRBINER L TERYE, PHLTEE
A S st 480 IR BEE T A8 K e DU R 3K
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Fig.2 The Shale —normalized REE patterns for the seawater in western North Pacific
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Fig.3 Variations of mole ratios of La to Yb, La to Sm and Dy to Yb with seawater
depth in westcrn North Pacific
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Fig.4 Variation of deep water enrichment factors with REE atomic number (a) and
the difference in particle —reactive ability of REEs

MEERBWTHEREAPH T 58, BRI ORERKEE RS R (B4da).
Broecker % (1982) E NIEEHM T HEBKNHBTENEERE Ebw b:
Ep=(1—-fg)/1-g)
He, ¢ RRTEBHERZER TRMTBR LN TRERENE I f XREBEFRER
SRNTFHERMMEFBRO TERENT IR, ITHEERL, EXETERK
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Epy 32 Epy=Cawa/Cx Couna F1 C 55110 3000 m TEEIA KA EWAKRY B 9K,

HEEW, BREEAEREWTEREES, HPR NSRRI, £/ a
b 8 AL IR A T, Piepgras 2 (1992) BHCHE -t Fe 30 th [ BE Y R 38
FiE Sholkovitz (1994) XM (Sargasso) MBI R F#47 T BEML —~5h8 + Y
B B+ B+ REMMES LEERLR, A RRR BT T A, &
RET, RTHRARE (FERREMAR) SHTHRONS CEERMENE,
WU ) BR AR 2 A, 8 4b B TR AL 10 3 R % S 2 R B PEY) I o
B AR, R RM SR (B 4a) MERBBER, X UNRT
R B R 3 M A T B0 THE SR,
2.2 Y SHEMBHIEHEE  — AN, Y 5 TR 0 2 TR AR B,
DT, Bl 195 S R S AL T RN, I 5 FTR, Y ST
BT T B R L REAAT 0.90. MABRELH, & Lash, NER LEE
B RMERRA, B2 Ho USHER 1, ERAWAT 0.9, XM Y 55
FAESR B AR ML P B AL B LB R0, b, AR T HE
WL, La 5 Y MHEH R, SO S B RSNE R TAHETIh 4f 5L 8
T AR,
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Fig.5 The pattern of correlation coefficients (R”) Fig.6 The vertical profiles of Ho/Y concentration
of Y versus REEs with increasing atomic number ratio and salinity of seawater in the western
North Pacific
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Bl E,, (Y)=E,,(REE). BIE S PR, E,, (Y) RF 4.0, LITAHRLTENESE
YA, EAEERBS Y Z2—BWH T iEHFAFE. PERNR, ZRBXHE
B RS E,,=4.510.2 M1 R?>0.99 ZJ5, RA Ho X —J uEREFRI BT & bk
A&, XEKRE Ho 5 Y MBI FIT R AL, X—4R5 Y # Ho MEF¥
BREE, MARBLTEHENBKREEZSMBREE M B LHY S (Lee et al.,
1993),

fEE 6 4, Ho 5 Y WMk MK E G KW FEEHB /D, EKE200m £H B8R
B /ME (0.85x 1072), G XN Z®EK; 7EKKE3000m X8 TEMNKRKE
(1.06 x 1072), ATLLE Y Ho/Y H5EFEMM T LBRFHBEBRER S, XU Ho/Y
B L AU R R B K SR F I R B T2, 0 [R]As n B R sk A 78 sh A st BR Ak 2 4
BrrgE. BENIE, EEREEPH T TENIHEEEH S RENLENE (W
Klinkhammer et al., 1983; De Baar et al., 1985), X#b 3 B8R L KBk {2
E X, AL EiTiE 8 Y # REE MIRILEMRHRE, Y AT %K Y4 REE K#
BRALFE NG AR R A LB R,

HEKBF Ho /Y B4 0.01 (Nance et al., 1976), LAY (Turekian et
al., 1961; Rankin et al., 1979) I & & (Haskin et al., 1966; Nance et al.,
1976) K44 0.025, @&# 8 0.05 (Kawabe, 1991). Ho/Y HAEKIX — 4 7 (6] £
ERER TR Y EA SR K. ks XA Ho H Y 5 T 8B+ BT R K &0
BEHAHETEM. LW Byme F (1993) B, £ S5ANEAMEESH, HMT Ho
R, YREBITHRELERI TR TASm, XM~ TR FRME Y & Ho WITH
Lhr ERBET Y, Ho SR FREAMNAVY AT EE KPR ERILE T4 6 YF RatH
HRESMER.

G EATR, XK Y 1 REE LR E R, FRNENEFRNARME
JTHITEE AR LT R R, 3A R T MBS R T R R R 22
g, £F#E L5 REE RFMEA —1I6EK Sc, BAR Sc 5 Y # REE ¥ #1bLF
YERARZEBOE, {HRHE Brewer % (1972) MBIREER, %K Sc Mg EHE PFE R
HEHN T INAG A e, A5 TE Sc— Y — REE BRI 2047 LA B4R & Ce HIZMTRE FE Y 1)
B, PERBEZHNEHMER.

3 #ig

3.1 AMRLMEERER- RERIBEEAFER, SEFETFHRIEMN, HREIH K
BRETHEAT Y 5HETROWE, R4 THFEAMELERBREA L2l
AR LR REN A,

3.2 FRBHR L TRERENEEEMERERES SRS TR LIRS
KETHE EREEDAURERSKPHESER, £ KPEFLHESTREHELEEL,
AN TEELNRE Lk, PHLE - ERENSH.

3.3 YHIWRENBKERER 70 pmol/kg FEE B Z# I MBI KHE 3500m £ H K
290 pmol/kg, EM T HSH LR AR KEZE FRE RN E LR 05 X — .
3.4 WHIEH Ho 25 Y HXMEBIFMM LK. Ho/Y BWRA LT LU/ ¥




58 " # 5 ¥ B 274
7K A 3l DL KoK PR X AR B 7R B

58 £ X W

Brewer, P. G.,et al., 1972, Earth Planet. Sci. Lett.. 16: 111 —116.

Byrne, R. H. et al., 1993, Mar. Chem., 44: 121 — 130.

De Baar, H.J. W. et al., 1983, Nature, 301: 324 —327.

De Baar, H.J. W. et al., 1985, Geochim. Cosmochim. Acta, 49: 1943 —1959.

Haskin. M. A. et al., 1966, Science. 154: 507 — 509.

Kawabe. I. et al., 1991, Geochem. J., 25: 31 —44.

Klinkhammer, G. et al., 1983, Nature, 297: 185— 188.

Lee, J. H. et al., 1993, Geochim. Cosmochim. Acta. 57: 295 — 302.

Nance, W. B. et al., 1976, Geochim. Cosmochim. Acta, 40: 1534 —1 551.

Piepgras, D. J. et al., 1992, Geochim. Cosmochim. Acta, 56. 1851 —1862.

Rankin, P. C. et al., 1979, Marine Geology and Oceanography of the Pacific Manganese Nodules Province.
Plenum Publ. (New York), pp. 681 — 697.

Shabani, M. B. et al. 1990, Anal. Chem., 62: 2709 —2714.

Sholkovitz, E. R. et al., 1994, Geochim. Cosmochim. Acta, 58: 1567 — 1 579.

Turekian. K K. et al.. 1961, Bull. Geol. Soc. Am., 72: 175— 192.



154 5 % KPR ILEENEK PSR T R iR 59

YTTRIUM AND RARE EARTH ELEMENT GEOCHEMISTRY
IN THE SEAWATER OF THE WESTERN NORTH PACIFIC

Zhang Jin, Hiroshi Amakawa, Yoshiyuki Nozaki

(Division of Marine Inorganic Chemistry, Ocean Research Institute, University of Tokyo. Japan)

Abstract The studied seawater samples were collected on September 12, 1993,
at Izu—Ogasawara Trench (29° 05 ' N, 142° 51 " E; water depth, 9500 m) dur-
ing the KT93-14 cruise ( R/V Tansei—Maru of Tokyo University). Y and
REEs have been measured by using a method involving solvent extraction and
back — extraction and subsequent measurements on ICP —MS.

REEs and Y, in general, increase in concentration with depth. Heavy REEs
reach a maximum concentration at about 2000 m and then decrease or keep con-
stant to the bottom, while light REEs continue to increase in concentration with
depth. The shale—normalized REE patterns, as studied by previous workers,
show enrichment of heavy REEs over light REEs, which is conventionally inter-
preted as a result of strong complexation of heavy REEs relative to light REEs in
seawater. Middle REEs show slight depletion relative to both light and heavy
REEs in deep water. The first detailed depth—profile of Y (1II) presented here in
seawater with the lanthanide in the North Pacific provides significant insights into
the comparative behaviors of Y and REEs in seawater. The concentrations of Y
range 70 — 290 pmol/kg and show the “nutrient—like” profile best resembling that
of Ho amongst the other REEs, in agreement with an expectation based on the
similarity in their ionic radii and hence stability constants of complexation with
carbonate ion. Yet variation of Ho/Y ratios in seawater reflects a difference in
‘complexation of Y and Ho with soft organic ligands on the surface of particulate
matter during scavenging and the movement of water mass.

Key words Seawater Yttrium Rare earth elements ICP—MS Western North
Pacific



