a5 B 1 T bES

2023451 H

Haiyang Xuebao

2 e Vol. 45 No. 1

January 2023

XVHEGR, 25 07, AR 20, S5 R OR Y1 o i o DX K P A P AR S T 0 3R A A A A AR AR B S (D). ¥ i 2 4R, 2023, 45(1): 1-12,

doi:10.12284/hyxb2023030

Liu Hongna, Li Li, Ren Yijun, et al. The spatial distribution characteristics of dissolved rare earth elements in seawater of REY-enriched region
in South Pacific Ocean[J]. Haiyang Xuebao, 2023, 45(1): 1-12, doi:10.12284/hyxb2023030

AT B LSRGk RS
BT E T AN HIEFR

X, EHNE, LR, EAR, FRV, aE R

(1. ASRBEIRERES — M PERT ST 1R P B 5 R 1R M SE I %, 1R 5 & 266061; 2. F B ¥ RL2 5 HOR B8 E 558

B WA P AR S TR I RESE e %, IR ) 266037)

HRE:AEERLABRYEERFERIAER, AEXEZKE, —HAN, ABRDFH LI TEFL
(BRFRREY) WEEXREN LEBEA, EH4tERLEX EEEAFT REY WHRTRD o RHF R4
MAFPHEEHRLIERXEN I AL KEERERE, MRKE T ISHEMELSREY, FTH T 4545
WRER KNI, 2T T ZEXREY WEH QA HME, ARRXKEKFEMAREY REFEZR
LN, TP EREEREKPAEAMBAREYREZEZZAKALEH ., EHXBAFNTERERT &
(PAAS) Fodb K F % E A (NPDW) )1 —1b 5 th B 042 X 7T % £ REY B B9 15 454, 2 3 F 1A
KB 5 H A AR PR N REY 238 LR K I, %k BEAKF REY R JE % F AT 7 i dy N % 5 3 7
BA, PEXKPREYREESEWEFR N ERL, REXKPREYREEFE KFHAHER XN EH
KBH, HMREY REMDNBARAN AT E WEF FAFHF KT E,

KR A HLETTE; IR KEZH; §ATH

hESES: P722; P736.4 XEKFRERD: A

1 515

#i 1+ JG & ( Rare Earth Elements, REE) £3 4§ M
La | Lu 9 15 R R T HR, WA (Y, JEFIFE039) 1Y
fl2E b 5 8 R T R T AL, o 40 A REE 19
W92, IS FK Sl REY. REY HA B F AR L
fh2E Pk, (AT R A 25 5, BN Ce 745 EUK A
Gy 8% SE AL B CeO,(1V), DA THT B8 3 B 7K 40, 1
Eu 78 #8025 45 48 57 1 TR 56 00 it A~ 0 A B A
FH AT A2 oh B8 B Eu(1D @, Pk, REY AT 4R g i
A= Yy IR AL 2 o B PR ) B R ERSRLL NITTRE )2
FH T K B AL BREREE D Ik 38 B DL K Uk 25

%5 B 85 2022-06-06; 1&1T H #: 2022-09-21,

XEHS: 0253-4193(2023)01-0001-12

SCHFIE BRE A5 L R BT

7K TP R S REY W BERAIR, — TR B JBE IR 4
F+(pmol/L=10" mol/L) ft %% . X REY ¥k F& #R Ik H
IR N 2 A, DA H PR . Goldberg 455 iz
TEAR KPR 0B T T SE 1Y REY We & . 2
— 3 20 T2 80 AEAR, K rh A HE B 1Y £ s AT
AR Z B, WK PR ZS REY 193 6] 53 A 52
TKABREFIR AT WA A SR 0 RO
SRS FR S, G0 RSB SR AL, REY 1Y
HPIRRR F A SRR A A R ARDORE . R A
Hy R K A YRR PR e T AR R -
A . AUA ) 2 18 D R R — AR L O A R A R R B

BEE&TR: 50 R 5 8RB0 & 9056 % 00T 1 B 295 H (MGQNLM-TD201809); [ K [ 48 Bl 2 5 4 (91858209); [ byt i 3ak 7% I i

#H5F L+ =F "W H(DY135-R2-1),

YEZ T v KPR (1995—), 4, IWARA B AT, WFFE )7 [0 R PR Ak 2% . E-mail: 754918261@qq.com
*BAFVEE ZE S, WHIT 0L, WFSE 7 1) i PE ML ER Ak %2 . E-mail: LiLi@fio.org.cn


mailto:754918261@qq.com
mailto:Li.Li@fio.org.cn

2

WPE2ER 4546

F VS A 25 5 TORLAS Z ) ) 8 4 sl FR e e, ARk, 3R
JZ TR R e o AR S B LK TR S
REY ¥ B TH iR 09 80 E b3 K R i o 72, BT 16 Bk
IR RIK AR TR — BT REY SRR, £ 32 K0,

REY e 3 5 22 2 A1E b 5T 4 24 70 i e ) b A
B I 2, — A DU OO A R R S R A
H AT IH — b son, 55, 38 o 15— 4k AT DUIE B
REY [8] i “Oddo—Harkins rule” 5| 2 Y 7 {8 8508 1719,
Hyk, 385 AR TUA R R AT REY F#1E, K 5 0T
AT FRAE Y 22 5 AT BE S H REY 7RI /K H i A=)
Mo BR AL 2 b B B e, PR, B U I —
AL 3B X F 58 AT B 51X ¥ 7K REY 52 1 45K 1)
Ay IR AL 2 R

Kato %50 4 1 RSP K AR R DY) & &
s 4, AR R DU I FE B9 7™ B Az ¢
W ZJE, ARSI R T 4 M E#H+
SR, AL P L TP ARORTE L P R A
BV B —UR 0 6 435 5 A BT A o T AR OR A 5 3R
W, BRI UURR ) v M 1 0 & B AR AT AR AR AR TR
Yy —ifg K BT, A R G218 U R L KRR Tk
PR R A0 AN TR B St ZU ) S A PR B 2L [ A0 25 2R, HE

150° E 180° W 150°

Ry ok PR F By BRI, B LA, R LR
LRI RIBETE o, B0 BB KB B G 2,

SR, 1 T REY B B, HL K 410l
S 2% . DK IR AE, Sp B0 A AT XK o REY BT 5848
0,20 22 80 AF AR A IT i A5 51 X0F 10 2 BT 5,
AT A& R BTSSRl AR IR, R D ReeE kT
— AL BE XAV L AR T R R P K P T Y K
Paeem, BEXF RIS R R B =, TR R BT
B X RSP T TR K R AR S L RGE o A TR
FER A 46 ATUCR LR M B RV 5 M I XN 3 4
K TR LR, P2 T HER R 25 REY WK EE, I 5 A
SRR VR ARG 4, B X2 02385 DR - 23 A B IR
AR A Wy i Bk A~ i R AT T AT o

2 MRS

2.1 REFE

TR BE ST 2018 4F 3—5 H R H i FHLT 017 R} %
AT AT R 46 Ak S 7Em KR AR . JERET
3 AR TR A U K (38 49 ANV KRR D), 43 0l ok
S006. S020 Fl S021(9°~ 18°S, 99°~ 155°W), 3 fvi {if
B UL 1, W KAE i CTD(Sea-Bird 911 plus, Sea-

120° 90°

20° §

20°

40°

Bl 1 R R PRI AT X ol o B oK TS 78 A%

Fig. 1  Station locations in South Pacific Ocean and water mass migration path in the study area
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STSW: Subtropical Surface Water; SAAW: Subantarctic Water; AATW: Antarctic Intermediate Water (from south to north); NPDW: North Pacific Deep Water
(from north to south); LCDW: Lower Circumpolar Deep Water (from south to north); UCDW: Upper Circumpolar Deep Water; EUC: Equatorial Undercurrent.
For the analysis of water masses, refer to references [30—31]; Station GeoB17018 refer to reference [10]; Station 14 refer to reference [13]; Station EUC-Fe 14

refer to reference [30]; Station SO225-53-4 refer to reference [31]; Station GYR refer to reference [32]; Station 9 and Station 66 refer to reference [33]
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Table 1 Average blank value, detection limits and recoveries of

dissolved REY concentration in seawater

25 A1/ (pmol-L™) k2%

Je# (ne18) KBy (pmol-L ) TP

Y 0.24+0.14 0.42 98+8

La 0.150.09 0.27 9146

Ce 1.274+0.14 0.42 93+5

Pr 0.030.01 0.03 97+4

Nd 0.09+0.05 0.15 100+4

Sm 0.02+0.01 0.03 10247

Eu 0.01+0.01 0.02 103+6

Gd 0.02+0.01 0.04 99+4

Tb 0.01=0 0.01 10144

Dy 0.01+0.01 0.03 10146

Ho 0.01=0 0.01 10146

Er 0.01+0.01 0.02 102+6

Tm 0+0 0.01 10247

Yb 0.01+0.01 0.02 103+8

Lu 0+0 0.01 1017

e RS R

H4 I 5 [ A0 SOk b O BB AT TN L, S5 R
—H (£ 2),
#z2  fRAEEK (CASS-5F1NASS-6) & REY iRER L

REFALERPELE (B4 pmol/l)
Table 2 The analyzed REY concentrations of certified seawater
samples (CASS-5 and NASS-6), compared with the reported val-

ues in literature (unit: pmol/L)

CASS-5 NASS-6
TLH
AL (PSRN A3 R
Y 191.2+2.3 216.2+1.1 229.0+£23.0
La 65.8+7.6 56.5+1.3 72.8+1.1 74.444.3
Ce 26.4+0 24.1£2.2 27.3+0.1 30.0+3.8
Pr 9.2+1.0 7.8+1.1 10.5+0.1 11.4+1.1
Nd 38.3+2.3 34.8+1.6 44.9+0.3 46.3+£1.4
Sm 8.6+0.3 8.2+0.4 7.4+0.2 8.4+1.2
Eu 1.5+0 1.3+0.1 1.6+0.1 1.7+0.2
Gd 8.3+0 7.8+1.0 9.9+0.1 8.9+1.3
Tb 1.2+0 1.2+0.3 1.4+0.0 1.5+0.1




MHEEd 4545

4
&gk2
CASS-5 NASS-6

JLHE
A3 HHE AR B
Dy 7.9+0.1 7.8+0.5 10.0£0.1 10.0£0.5
Ho 2.1+0 2.0+0.1 2.54+0.1 2.4+0.2
Er 6.6+0.1 6.4+0.2 8.0+0 8.0+0.4
Tm 1.0+£0 0.9+0 1.1£0 1.1+0.1
Yb 6.5+0 6.3+0.2 7.8+0.1 7.7+0.4
Lu 1.1+0 1.1+0 1.3+0 1.2+0.1
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JCR HAT IR AL Z 5 B BE BEAT A, — A TR
KA 57 & 7 A8 7T 55 (Post Achaean Australian Shale,
PAAS). %5 EATHE T H BB HIE REY A2 A
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Gd 19 2 & AR 4 B A 275 SOk [16, 40—-42]0f 2 1Y,
Y 5 Ho it 72 12 Ak 2k B AR oL, Btk Y & T
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Fig. 2 Temperature (a) and salinity (b) section in South Pacific Ocean
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Fig. 4 Comparison of REY concentrations in seawater in three stations (S006, S020, S021) of this study with

adjacent stations in the South Pacific Ocean
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Fig. 5 The vertical distribution of the ratios and anomalies of
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The spatial distribution characteristics of dissolved rare earth elements in
seawater of REY-enriched region in South Pacific Ocean

Liu Hongna', LiLi"“?, Ren Yijun', Wang Xiaojing', Liu Jihua"?, Shi Xuefa'>

(1. Key Laboratory of Marine Geology and Metallogeny, First Institute of Oceanography, Ministry of Natural Resources, Qingdao 266061,
China; 2. Laboratory for Marine Geology, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266037,
China)

Abstract: As potential mineral resources, rare earth elements and yttrium (REY)-rich sediments in deep-sea, have
attracted a lot of attention in recent years. It is generally believed that the main source of REY should come from
overlying seawater, but studies are in general lacking on the REY in overlying seawater in REY-enriched areas. In
this paper, the dissolved concentrations and vertical distributions of 15 REY were studied in three stations located
in the South Pacific Ocean, where enriched REY concentrations were found in sediments. Data obtained from this
study were compared with data reported in adjacent waters and other ocean basins. The REY concentration in sur-
face water of the study area was mainly controlled by wind-driven dust input, while the middle and deep waters
were controlled by water masses. After the normalization of Post Achaean Australian Shale (PAAS) and North Pa-
cific deep water (NPDW), the fractionation characteristics of REY can be clearly identified, and different water
mass characteristics can be distinguished. When compared to data reported in other ocean basins and adjacent wa-
ters, more differences are found in surface waters due to dust and terrestrial inputs, while the REY concentrations in
Indian Ocean are similar to the study region; the REY concentrations in deep water show a positive correlation with
the age of water mass, i.e. the concentrations of REY from small to large are Atlantic, Indian Ocean, South Pacific,
North Pacific.

Key words: seawater; rare earth elements; source and sink processes; water mass transportation; South Pacific Ocean
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