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Abstract: The contents of rare earth elements and yttrium (REY) are determined using ICP-MS spectrometry in 34 seawater
samples obtained from various depths from Caiwei Guyot and Weijia Guyot in western Pacific. Based on the data, the vertical
profile of >JREY content of seawater column are established in cobalt-rich ferromanganese crust exploration contract area of China.
The contents of rare earth element in seawater increase gradually with the water depth. The > REY contents range from 14.0 X
10"%to 65.5X 10", with an average of 31.94 X 10", Both the absolute content and relative content of Y are high, ranging from
6.0} 10" to 24.1 X 10", with mean (Y/Ho)y value of 1.98, followed by La, with content ranging from 1.8 X 10" to 11.6 X 10"
Ce is relatively low, with contents ranging from 2.4>X10"to 8.8 X 10". And the 8Ce is from 0.33 to 1.03, with mean value of
0.66. The NASC-normalized REY patterns show left mode, with mean (I.a/Yb)y value of 0.71, obvious negative Ce anomalies,
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positive Y anomaly and no obvious Eu anomaly. Aqueous cobalt-rich ferromanganese crust is widely distributed in the study area,

whose rare earth elements and other components are derived from seawater. The rare earth content of cobalt-rich crusts is 6—7

orders of magnitude higher than that of seawater, while NASC-normalized REY patterns of cobalt-rich ferromanganese crust show

remarkable positive Ce and negative Y anomaly. This coupling relationship indicates that cobalt-rich ferromanganese crust

components are selective for the cleaning rare earth elements of sea water, causing seawater rare earth anomaly. Both the

phosphate rock developed on the seamounts and the phosphate components in the deep mud of the surrounding basin have high rare

earth contents and a rare earth pattern similar to that of seawater. These phenomena indicate that the marine phosphate is not

fractionated but inherited the REE patterns of seawater. The unique characteristics of REE patterns of seawater are the result of the

balance between supply and consumption. Ferromanganese oxide and marine phosphate are two typical marine autogenic

components, which are essential for the formation of REE patterns of seawater.

Key words: rare earth element; seawater; ferromanganese crust; marine phosphate; magellan seamount cluster; geochemistry.
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Fig. 2 Plots of Y vs. rare earth elements of cobalt-rich ferromanganese crust
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PORF R Z TR R A RENZ 2R
Sit Bl e S B MR T FERENZ
IR A% AT A A 7 [F 8 T K SOS  k
AALY , BAT R ARG o A AR R AR
(Machida and Fujinaga, 2016). 7§ K - ¥ £ 4 J& 4%
B AR XS T 5 A e o AT E BT e AT IR R BAT A
SRR S G NS O Y R RS e v D
A B H 5 KRR L BORE G OC &R AR R B AR K
+ Ce f 5 Y IE 53 9 4 X JE i B A B 22 A
ZIfEH]
33 BEFEMBEENEAKBLLENHY

B R Eh DU M i v A oo R WA B
(i 2978 1T, WFSE N ik b PO 5 REEY HA
AR 1 75 B AU 0 (10 << K<<10°™) IR 2 K 1
PO, 5 REE" #Z LM A1, 2 Br th & 6 + i iz £R 170
7€ (Jonasson et al., 1985; Byrne and Kim, 1993;
Liu and Byrne, 1997). AW 7% g /K 9\ 1] 1) 17 & 7 M
b 1000 m 7K T s - F88 IR £6 1Y 2 i 25 8 3 m B
X R, BPAT BE 48 78 PO 5 REE' B ik 248 Al
R K 4) . Bl P A S 1 b W — Fh B RR £8
BTz R E AR RS R R e I
TR & R B B 64 Y LA K BN 9 L (Hein e
al., 1993). V9 KVl B R & A RIS H
SREY —fBAK T 1 00010, HASfb K (W K455,
2002) . 74 K1 V8 i L B A M 8 B A 2R K
2 Ce fi 528 ML 25 Y IF 5 0 R AE , 55 ¥ 7K 7R 1A%
A 28 AL R I A (La/Yb) FLAEE/N , BIAR 445
FAH XT3 (L 6a) . HAth ¥ 36 (G o 8 7 S B BE
T B 1L B P 2 B 2R LR RRAE (8 6b) L 1878
T 1L HE AN B 43 S TR Ak R T IR B R AR
RME DLW th 028 R B A A HE RO A5 2R Yk
TRAT I REAEAEZE LI 7K Ce B S 5 FRAE , R 1 (A G4
JE DL AR, AT BE A2 B AL B K Y S e PR O i T
PR A B0 A K B 0 A W ik kA DR AR 2 A 26
U K B H A SRR (Lécuyer ez al., 2004). 534
TE T L N R 5L L R A R SRR IR b A 9 I
Pt BA KR K L8, e 2 5
FLBR K 1 52 ), FCA A Ak R 1 K B R AE L A
i S Sl N i Sl S R N e o
(McArthur and Walsh, 1984; Lécuyer er al., 2004;
Shields and Webb, 2004 ).

R X6 KPP 2 000 22 4 B i 19 43 B, Kato et
al. (2011) & 3K 1 22 Bl o7 19 % i e A i

B 1, IR IR I TR T RE R — R B KA T
i 0 UR L B A9 & BRI e P S REY 5 P A
BB AR S BERR ER AL B R e, R IR
W 8 E B (Yasukawa ez al., 2014; {F
Y%, 20155 Ry 4, 2015). 41 i M I ¥ 3T FY
Y Bk ok Y 0 2 S AR W KA B S REY Gk
#] 9 300X 10 °~32 000X 10~° (Toyoda and Tokon-
ami, 1990; Kon ez al., 2014) , 38 33 F HCL % #5 /g £h
FRR + 00 F Ak PE S2 56, TF 30 VRV U op A0 B R
HASREY {5 K 9 495X 10 °~28 287X 10 %, I
T U T Y B R AR 4 4 B 5 T Ll B s DL K
LAY Ce 7 5% A Y /Ho $5 AiF (AT 9T 9k %5
2017b) . WP A AR T o3 AT T ORI e i B R
AT DU EAEE TEKPE
WA LT R 8 e KA A
S
34 BABEITEESHFERNBYZEANER
AR K LA B Ay ¥ K 1 R AR R 3 Ce L 57
UL KLY IE S ERIE 8 8 T R DU AT K
THFERR £ A 2 B op R RE RO B Ce ALY 1Y 50 4
E PRI SR AR VE DT ) b e SR R O
ANEAT Ce Y (58 FRAE R4 0T Lhwl 2 % 846 +
JC R IR Sk A MK, AR TR S 4k R Ho AW 5 . H AT
{IRE L AR SR A A QR s | A n
) BEIREL Bk IREL BRIREL BRALY ES T A
S5 B AT W] Re X KRR 7 AR s e L b R AR
616 VF Y i oK, B RO K Y A R R
fIE SR R R B 5 K, A ST REAS S R
+ 0 E A D R R R A H R RT i 2
FRAE , PRI I X T i 2 6 1) s - FR R A o it — 2B F 5
B A AR S IR R S B4 Kon e al.
(2014) W52 % BRI I8 v 1 B A1 UKL ) Y REY 18
il & 60X 10 °~170> 10 °.Dubinin(2000) #k 1% H i
TERE Ak 4 O REY & @ A it 750<10°°,
I L 7E B A7 3R A K T A7 7 i K A B B A )
LR — B VOB BR AL ) B S AR, R
TG F 52 B PR TR 5 R R B S AR
% LREE/HREE {8 #l @ % Eu 1IE 5% $RAF X F
FEAIE — fB B i 78 A8 5 B L AR 2 2 5K R +
TEEE (3 25 W45, 2009 ; P B #ESE, 2011) . A%
T AR VE [ AR Ay TR R A N Rk B
AR E R g, Ko R Ce 1IE 5% M A &
Ao VR A ALY AR, lUR Ce TR 8 FRAE 1Y 40
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Fig. 7 Sketch map of supply and consume of seawater REY

PRV

S B A AL £ B Ce IERH 1Y
JG R A7 A A 0, AELFRATT AT DA B fige AT T R I K
Fon R B EEEE, B R Ce HE)F Y, H L
Fiis B0 7R Ce IE 575 A Y 7 53 8 FRAE AR I8 9% IR
AR BT 2 & B A LRIk n X
107 t, A 7K 3] 5% 5 Y 19 g 1 4k LA ] g o 2 ()
WIS, 2009; 3k & a5, 2011, 2015) , ifi B ¥ 7K
f i v B HE U K R B 2 <107 t(Alibo
and Nozaki, 1999) , Bif & ) it 223 M 33 5 3 . 6 4l 45
5t X % 4 Jm A A KRR AR TR K T RE R
1 Ce, AR K H Ce 1 A1 X ¥E B2, N 5 3 Ce 3E A
25 7 1) TR AR, AT U6 59 25 7€ Ce S BRI AR
I = S, & A6 45 7 DA b J5 7 s st 30 1) B AR A A £
FRAE 2 R B B Y Ce IE 524, X T HAL REY,
T 7K I Ce Ve B 2 %0 B I AT . B, 25 28 Bk A 4L
Ak W 78 RE T K b R s B R H T T TR Y
HEFEAE R, — 99 A B K B £ 00 2 0040 55 AT AR
RS .

A T LR B0 T K 5 AR K B B AR X
HA Cefi 528, MK v £ 19 & 2 FAH T & 248k
N K (Lécuyer et al., 2004; Shields and Webb,
2004) . K M Bk AT A AL W 2 21 43 DT K P s AR 0T
F ] LA L7 ff B AR A 9 Jo <1 18 B 9 KR T
TR 45 % 5 T KRR 100 T AR . AR
T AU AE A 8RB Ak W 28 41 43 DT K s e R
TCE L BA T 805 4 U5 A 25 A ) . 4k
ALY 5 B R AL R H ORI ENE T A AR Lo
XoF Y 7K it A5 A 5 e B K I 2R ) I, A R AL
Wy i - 04 1 B W R R Ce Y, 17 VA 7K B B
1R 55 ¥ HL A 5 K AR R A A AR AR 4
TR B £ & B A AR, 38 7 b ] AT DA 3k g
7 A

1L g

(1) MR I 45 7 & 4 45 7% XA I K s - B 0
I 1) DR E B A 3 2 Bl K TR 35 4 A e
SREY 28465 [l A 14.0X 10 "~65.5X 10 2, H rh
Y Ry 4 XF (B A A X (R 3 (6.0X 10 P~24.1X
107"), (Y/Ho) F-¥I {8 F 1.98. i K i 1 o0 F b 3¢
TUA AR HEAR G R T 58 A0 s =, B 2 1 Ce fAt
S VY IR S ALY A Eu s RRAE

(2) B 5% IX 2 7K Bk PR ) 45 e s 4R X, L
fii £ E B S K REIRC R, B 4w FE
K, 48 783X B8 20 43 X g K R 1 e R B A
PE 2 18 B KR 185 Ce 7 58 R Y /Ho U (E
M E .

(3D 1L b 1) W B L e 1 20 08 8 1 s e
W, BB A 5K LB Ce FY 545
FAR LB URAE | 5 78 0 U B R h Ak K T i K 1
T URRAE

(4) T K b A 100 ERRAE 2 M 45 5 T #E T
MV A 25 56 AN A AR AN B B 35 11 Ce AN
N N R e A T AN R e SRR
H AR W 3 FE 3 SO K AR £ TR B 40 K Y
i T RRAE 5 X SV VE DU R YT

. AP B KFECAMRGHEATATHET
FHFFH , FRERXRAIAIRBTRFHOE RN L
B, A2 — S B

A ILATE M (http://www.earth-science.net).
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