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Fig. 1 Water mass migration path in South Pacific Ocean®*-

391 (a) and station locations in the study area of South Pacific Ocean (b)

STSW: W 27K, SAAW: IR K, AATW: itk 27K, NPDW: JL R F P 27K, LCDW: T 3R IR )2 K, UCDW: | Hik %2 7K, EUC: 7k
B . S006, S020 MK 3 2% [ 3Ciik [30]
STSW: Subtropical Surface Water, SAAW: Subantarctic Water, AAIW: Antarctic Intermediate Water, NPDW: North Pacific Deep Water, LCDW: Lower

Circumpolar Deep Water, UCDW: Upper Circumpolar Deep Water, EUC: Equatorial Undercurrent. Stations S006 and S020 refer to reference [30]
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FERTIAT Teflon WHEHE, YA 1 mL ¥ HCI, 1 mL
# HNO, Fl1 1 mL ¥k HF, 76 8E56 4 190°C fin#4 48 h; 78
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WA SR T I R K CASS-5 F1 NASS-6
KW 2 REY 40 M7 694 25 5 R0 o o B, S0 {5 41 3
EWI A BAE, 25 FHEBAR (R 1) s Hrid 72 b il i 7
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233 fLBUK AR R EUROT R

FLBR KR 5 2% 9 HNO, F B 20 4%, i ] 1CP-
MS £ filf 45 i A5 2R HEAT 43 0, BT R S Hom A
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Y/Y" =2xY,/(Dy+Ho),, (2)
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3.1 FLBUK SRR S U O E 3R S A R IR
FLEK H RSEs YT [ 73 A 0P 2 Bz o A

{37 7 i 25 Fe. Mn ¥ & ([Felyo. [Mn]y,) A, 204
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Table 1 The analyzed REY concentrations of certified seawater samples (CASS-5 and NASS-6), compared with the reported values in

literature , and average blank value, detection limits of dissolved REY (unit: pmol/L)

CASS-5 NASS-6
TLE 2 Al =4) He R
e E(FSTRIEN i fE A

Y 195.6 £2.7 - 225.7+1.4 229.0+23.0 0.61 +£0.22 0.66
La 57.5+1.8 56.5+1.3 704+ 1.3 74.4+43 0.37+0.07 0.22
Ce 242+1.1 24.1+22 25.6+0.9 30.0+3.8 0.69+0.10 0.29
Pr 82+0.1 7.8+1.1 10.6 £0.3 114+1.1 0.05 +0.02 0.06
Nd 373+12 348+ 1.6 456+2.8 46.3+1.4 0.31+0.07 0.21
Sm 84+1.1 82+04 7.8+0.8 84+12 0.04 +0.03 0.08
Eu 1.4+0.1 1.3+0.1 1.7+0.3 1.7+0.2 0.03 +0.02 0.05
Gd 8.0+0.7 7.8+1.0 9.6+0.4 89+13 0.07 +0.02 0.07
Tb 1.2+0.1 12+03 1.5+0.2 1.5+0.1 0.01 +£0.01 0.02
Dy 7.8+0.3 7.8+0.5 9.5+0.7 10.0+0.5 0.06 + 0.04 0.12
Ho 2.1+0.1 2.0+0.1 2.6+0.1 24+0.2 0.01 +£0.01 0.02
Er 6.9+0.3 6.4+0.2 8.1+04 8.0+04 0.03 +0.03 0.08
Tm 1.1+0.1 0.9+0.0 1.3+0.2 1.1+0.1 0.01 +0.00 0.01
Yb 6.3+0.6 6.3+0.2 7.6+0.3 7.7+04 0.02 +0.02 0.05
Lu 1.2+£0.2 1.1+0.0 1.5+0.3 1.2+0.1 0.01 +£0.01 0.03

T B N M £ bR 2S; a6 T 3Tk (313213 A CASS-5FFREY ¥ V-8 ; b. 36T 3CHk[31-33 134 INASS-6 HREY # J3 19 F- 115

e ARAHRIE

F2 FRAEEK (NASS-6) HITHR
Table 2 Analytical results of the reference seawater (NASS-6)

NASS-6 Mo/ (nmol- L") UM EE/(nmol-L ™) VI 2/ (nmol- L")
MR (n=17) 103.6+4.5 12.8+0.4 30.1+2.5
FRUE(E 103.1+7.5 12.6° 28.7+3.3

a. RINIE, (UES% (N RE R R ZE K 2).

[Mn], = 16~ 180 umol/L) "9 S014 w {3 L B 7K H
[Felyw. [Mn]y, P T8 BE 19 35 m T W] e A2 Ak (5] 2a), il
S028 Wi fii 7F 25 cm LA R [Mn], A T+ (€ 2¢). S014
S AL A Mo, U, VIR EEJEH D 105~ 145 nmol/L,
7~ 10 nmol/L F1 40~ 52 nmol/L; S028 3 i 1% fif 25 Mo.
U, Vi %75 [l 124~ 187 nmol/L., 7~ 12 nmol/L F
28~42 nmol/L( &l 2b, [&] 2d).

U e R IS )2 U K A A R B DL AT
HURBR P9 (L R e i T SWI A A AR R AR . M4
U J2 T K VS ik AR Y vk BE, R RE BT AR 4K 34 T BR B )
43 A4k (> 63 pmol/L) . 4 (< 63 pmol/L) Fl it 5
(0 pmol/L) IRASEN, AR5 X JZ 6 7K 1 5 it S vk

#5°h 180 pmol/L(CTD S 4% 4f7 i ¥ fife A 4R L A ), 3R
B F 5% X SWIL AL F 4 £k 36 5% 05, 350 B ) e A vh
[Fe]. [Mn] 3= & DL Bk S A6 W £ 75, R G AE AL B K
W BERRAR (& 2a, 18] 20) . Bifi 6 TR BE O3 i i S 2
i WTRE R, R SR T IR A TR, DT O 5%
F| S028 i i FLER K H [Felys. [Mnlg, 7E 25 cm LA F %
WiTl % (E 2¢). Homoky 2508 F 57 & BE, 24 ¥ DT AR
Y FLIR K Ho A7 7R B A S8R NO, 15, FLBRZK H Y [Felye
(0.03~0.22 pmol/L) i HA { & TV 7K 1 [Fely,, HHL[H
17 2 41N 5 A W) B Y Fe [R5 25 20 15 0 W W 2% 5
G R T8 S A Fe (IR 2 AL AL, TR IG5 [Fely,
IO S22 0 0 KAk (IR 30 D V2 ik ) T R 30 ) e A 25
Fe, i 5% IX L KR AK H A7 7E 1) [Fely, PTAE L 322 0 il
Wy 5 KA BT B A SR 25 Fe AHXTT Fe 1 Mn, LR
K Mo, U, V 7ERJZ AT & 4 (& 2b, I 2d). Mo Fl
VI B T RE 5 2 2 UKL A AL T ) R AR RO G,
1M U B &R SE K2 KM TP 880, kA
TR 1) 8 2F RS S AR R R X, Mo, U, V A
AT A AR R R R A LB K A A B R T v, AR
W5 F S028 3 437 25 em LA F Mo, U, V ¥ & 1 T+
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Fig. 2 Vertical distributions of dissolved Fe, Mn, Mo. U, V concentration in pore-water of core S014 (a, b) and S028 (c, d)
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AL K, 10 em DL Bl BE TR, BIE S B4
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Haley %507 8 I 48 JE 037 2% IR 5 40 1= 06 v U8 )
F 1Y [REY . 19 55 KAE AT 35 5 800 pmol/L, Abbott 55+
AR XD Bt 22 16 3k 457 FL BR K h & B [REY ], 7T 35
10 909 pmol/L. SHTATEVE KP4 . 55 VG ifg 5 i 42
38 F $ 4 A EE (5 800~ 34 000 pmol/L), A HF 58 i X
I FLER K o [REY ] M ARG

oK TSR T Ul R P X R S REY A1 H
1 F, 843 UKL A DR 20 DT FR A 2 18, AE L s
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Fig.3 Variations of REY and PAAS shale-normalized distribution in the pore-water with depth
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e, 9 W B AR ORI ) REY 0] 38 i A B [
SR SR I S R R R R I A AL R
JRuT -l EEER, A5 X R Z VTR AR b T 4R
RS, Kk A Fe GALY) iR S50 i B2, AL B K
1) [Felys MTREA A AP TRAEEY, LB /K H [REY ]
W AT REAR T axX — b B A PR Py o, R, AR TR
UL 2 AT 5 S, W 5% X DR vh A BILES (TOC)
BRI, AN 0.10%~0.13%, {HHZ)Z(0~10cm)
TOC %42 (10~40 cm) fii &5 0.03% 9, F AT A
SFFAE R DU MR e . R, 2 FLBUKH [REY 4.
B 7= A AT R S A AL R AR AR DG o [RIA, 3R 2 (25~
38.5 cm) YL v A7 FE — 8 12 BE B A IR A B, &
2 RSEs 1Y 3 3l ([ 2¢), 11 B 2k 4 AL ¥ 19 38 5 ik
B, 2B — I R AS REY A LB KU,

B4 WS 35 67 FLBR 7K 89 REY 08 2% JH PAAS HEAT
Frifk (18] 3b, & 3c), 54N 1Y REY Bt /015 204 B
2%, S014 3w fi 2 B 3 i + (MREE), #E# 1
(HREE) & #4528 (& 3b), 1fif S028 3 {37 ) 5 2 {b) Vi
/K. 4 HREE & 8 (& 3¢). Fe & ALY if 7 ¥ fift
FIITRR Ay v ol 12 50 A O B %) 9 2> 7T i 2 S AL B K
r MREE A & 48 19 J B 0700, g Tk, wiF 5% X350
TR B A b T8 AR 25, S014 35 037 K 52 Fe A 4L ¥ if
JE A ik (s (JE] 2a), PRI, FRATTHEDN S014 3547 FL Bt
K FEH B AR AT AR R A2 W R R B 1
Wi, BEAh, WA A UL £ A R A Gd IE S L
KA A Y 1IE S (3¢, K 3d), FLBR/K F A9 Gd IE
S (1.0~1.4) 5058 X AR K Gd 153 (1.0~
1.3)AH 200, 5 & Gd W3R T 2 K HE A A] g
FOE K Gd 1E 58 1 — A R 9 YK, Gd Y 4 H
T2 TR, S G e HiR, &
HARSR ST R A KR G R e A, 5 Gd AR A], AL
BRK Y B9 IE 5% (1.1~2.5) 0 B g A Tk (2.1~
4.0), KMHY BYIE SR R B T H 5 AT R Bk L
MR 25 5, RO BR 9 R AR A%, 49140 Ho 7
IR T AT R Y AT, A, FLBRK
1Y 1E 58 I8 T K T BB S 32 ORI SRR FH s i

T8 7K (5020, S006 3t i ) 5 £L B 7K (S014., S028 3
£ ) REY 1Y 2 AH 43 A1 R AE 4n &1 4 Bz, Horb (La/
Sm),. (La/Yb), Al (Sm/Yb), 5 % 1t % LREE/MREE,
LREE/HREE #il MREE/HREE f4 L8 . % bk & 3, ¥
AN 7 ¥ J2FLIR K (0~ 10 em) HY [REY ], 552K
AL B A o (ELAH LU RS 23 98 K, T A 3l 457 L B 7K
(La/Sm), %1%, (Sm/Yb), 5 &, (La/Yb), HH 5% 2 i
JKAH Y 5 HEAIG, 44 7% MREE A% 8 4 (MREE/MREE")

FRRAE o FT SR SR, ORI ) 76 K rh 2 AR e 0
1 LREE. MREE, [H . 7E SWI (1) B3] i 5 1 7 b, i
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The study on the early diagenetic processes in REY-rich sediments in
Southeast Pacific Ocean and its indicative significance
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Abstract: As potential mineral resources, rare earth elements (REY) and yttrium enriched sediments in the deep sea

have attracted a lot of attention in recent years. It has been shown by studies that the enrichment process of REY is
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most likely to occur at the sediment-water interface (SWI), however studies on the early diagenetic processes in
REY-enriched sediments are in general lacking. In this paper, we collected two short sediment cores in REY-en-
riched sediments in the Southeast Pacific Ocean, then we had conducted an in-depth analysis on the early diagenes-
is process of REY at SWI and its influence on the enrichment mechanism of REY in deep-sea sediment. The low Fe,
Mn concentration and high Mo, U and V concentration in pore-water indicated that the sediment cores were in oxic
environment. Compared to the REY in overlying water column, the dissolved REY in pore-water characterized by a
middle rare earth elements (MREE). In sediment, phosphate phase is the main phase of REY, while the distribution
pattern of REY in pore-water may be controlled by the phosphate content in sediments. Our results show that dur-
ing the early diagenetic processes, the REY initially combined with Fe/Mn phase and other phases re-released into
the pore-water, which is subsequently adsorbed by and eventually buried with the phosphate phase. Therefore, the

early diagenetic process is an important mechanism of REY enrichment in deep sea sediments.

Key words: early diagenetic process; pore-water; rare earth elements; sediment; Southeast Pacific Ocean
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