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Fig. 1 Samples locations in the study area
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NASC-normalized REY patterns for Cobalt-rich Fe-Mn crust and phosphate
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e WK SRR cm D I 4RI A
Aoz o OIS R 2 om B S ) B 2
AR 6 om BAAZAL; E3 1 om HEARGR TR 1 064
Aot ; S (6,55 7% g MR S R BB SR TR BB L I
FALRE AT LR 3L+ g LA 5 2
A A . , HE 0 e B 5 % R 5 B T R 4 L 7T DL BOAR
BAO5 ) ML 5 Sy R S B, 3 TDHLRS X
” b A LA S R T FH B AT DS S
BAO6 20 L 255y 3R 4 B R
Aos ; B (0,55 7% g 2R S M B BRI €A T L £ 1 2 AL AT s T
REA TRER HIK T IR ZALBAS AT 0 DT
= T 3B 25 RO G E  BRR L FE /%zgi;@ﬁﬁﬁffﬁff;;ﬁgf
LI X 0 OB 2 A KA A~5 em MR 2 om0 e SRR e A AT g B
F AL
S 2 5 LA = R 1R B R A
BAL0 5.5 WARZEH; bR M 5 L A I € FO BR AR b 7 KA
B FLIR R s 2 B0 2 AR
S AT SR AR LR A em BB, R E RO (B 2 (T R T 0L
BAI11 9 BHARKE RN ;12 3 em B E AL WA s F 30 JK 1€ 5 I I 4 02 ) e I
FI2 2 em, BOH AR W B ZAL
ALl . WS LA SR B R 2 o BB TR G IR G BT TSR O % 4 %
HE 5 eml AL T2 5 om, BB S AL B AT
55 LA = RS 1R 2 o BOEUR ) e e
BAILS 8 BT H 1R 2 cm A Z L IO A Gt
TR 4 em . BUETEALIR e e
TR ¥« 5 B ph 42 45 7 S AR R A B K T 3
Qyol 2 B 28 7% 1R S M L B TR b IR L 48 PR PE 22 3 T 5 o 5 L
WY e R R AL
- . F 8 2 B SR 2 0 o ] 9 2 8 66 0
E‘@ gli:l:'d_:'ﬁ :A‘%iv = 2 J:TE *f‘ e .
vos kT . @Sigﬁﬁ%;@xiim:}gzﬁg A S 5 e 5 0K 1 A 2T 66
‘ 11 B R e B0 22 B AR 5 2 % R
= 4 em BRI o T L
avor , L6, 55 5% g B R S R BB 66 0 2 T TR IR L T4 I T DL it

R TR

W AW FER, e K& ik 2~3 cm

RRAUNZE SR 7 G 2Rl 1R R A 25 7 iR ER 2
SR 2 REY R T 454l . I8 4R 5 )5 i 2 REY
T4 dlor (B 4b) X 5B AT . K& 1 Kl
BoR L BERRE L4 7 i X REY HifE /T R B R 1k
g55¢ L H b g B R 2R 20 3 19 7 2 2 REY R T
ZETe Ly I da BUUEE R CEHGE SEPRS OL . AR T
MG 5 3k R BF AR R R £ X REY ARAIR T 45

gl S 5 P I B IR R 2 4 (9 X REY R
— A AE B M LR £ 21 O3« [ BN A E A AR A
WRRRER 4L 70 o K Wi TR 4 Ak 45 7 A D P Rl A Y TR
- NBER R R AL e 4R YR G R Bon Y IE R 5 (A
WA g5 eom A 4R Ce iR G A WL R Ce IEFH .
FEAE MV LU PRI HH 0 W R A LA B RO AR 25
F¢ T B A b BEIR R 2 2y T RE BRURAE A5 e .



2017 4F 4 A

AT 3 5 o I 4 e

38

Pr6 1 V22 ¢ 976 1 L1€ 2 91L ¥ 292 ¥ €50 ¢ €99 ¢ 916 € 188 1 796 1 800 ¢ AN L2l 1 €L9 ¢ GSL 1 901 ¢ AdAK

LV Gy 0V "¢ 06 "€ 0Z 'V 06 "€ 0V "6 86 'V €8¢ 099 127 LTV Iy 7€ 25 '€ V6 '€ S6 'L gy SL°C nq
9°0¢€ 1€ 0T "9T 06 "v2 06 "9¢ 0062 0T '8¢ €2 '0¢ 1892 LL6€ 6692 ¥€ '8¢ 06 °L¢ 0622 16 22 652 96 "8V 61 8¢ §7 '81 qx
8L T vy 0€ ¢ 08 "¢ 0¢g v 0L°€¢ 0¥ '8 6L°F 10°¥ €079 96 "€ 1z v 8¢ 'V 9€ '€ L9°€ 01 ¥ VL Sv 86 ¢ Wl
9°¢¢ € 09 9T 0L°92 0V "L2 06 V¢ 08 "09 GL°T1E €1 °L¢ 9¢ "IV 62 92 2L 8¢ 66 L2 GV €e 96 V¢ §9°L2 19 1S 9€ "0¢ 1661 Rl
L°TT €1l 0T "9 06 '8 0L°6 07 '8 00 *02 68 01 97 6 98 €1 GL'8 16701 91 '0T L2 '8 LV 8 €L°6 09 9T 9¢ '01 G0 L OH
868 8¢ 00 "z¢ 06 gV 0L"¥¥ 00 "6¢€ 0¥ "98 LL"8¥ 26 "LV 2009 | WAVAS L0728 € 1S 6G°6¢ 0y "2v LG8V 96 'TL [ As ¥9°LE el
LS °6 76 0€ g 09 "9 069 00 "9 0621 €972 vy L LL°8 [L°§ 718 I[1°8 LE79 0979 0L°L 8V 01 L1671 €29 LT q.L
699 <9 06 "IV 06 "8V 0L"LY 0L V¥ 0T "L8 ¢V 09 62 '2S LS 19 8€ "LV 91 '¥§ 10 6§ L2 9V LV 8V V8 "6V 09 '89 02 '2S €0 LV PO
¢vl it 0¥ '8 096 066 0.°8 0T 9T 8€ 0T 90 'TT L1721 V6L €6 °TT Yaral 09 "6 1.°6 €0 °TT LLCET ¢0°TT LE 76 nyq
609 19 0L °¢¢ 08 '8¢ 08 '8¢ 0g "¢¢€ 0T "¥9 92 "2V 00 "LV Ve 6V 8L °1¢ €V 1§ 96 '2S 92 "0V 8 '6¢€ GG 9V 26 °¢S € 97 €V '8¢ wg
162 682 9091 0161 9,81 G €LT 86V¢ 8 "G2¢ ¥ S1e ¢ Ve 8 1LI 0°G€2 1°9€2 0281 8161 €922 9 98¢ €622 €181 PN
¢ ¢l cL 0y *gv 02 '8V 06 SV 06 "1¥ 00 28 gL 68 1€ 768 86 69 61 ST 86 '6S 86 65 299V 6G LV 616G 2€°L9 18 °6S 29 'SV Id
062 T 02¢ T 182 1 782 1 €20 1 16€ 1 €er 1 9.6 ¢ 680 T 860 T 78V¢ ¥ 22e8 7816 69TT 012t ¥ °20L 8°9¥L ¥ '8¢L ¥ve 1 2D
Lve 449 G661 €192 8 192 [AASY [°0L6 8 °26¢ ¥ 892 ¢LLE 9-€le 2 °L6¢ €962 ¥ 0€2 ¥ 2ee §vIe 0°8¢€¥ 6°€6¢ 67002 8!
1844 6€2 9 €6 2 'S2¢ €602 G'IS¢ 289y I §-9¢¢ 6°L81 € 189 L °00€ 9212 0002 6°9L1 6152 1°€61 2182 ¥ 1002 At A
€V "0 ¥ 0 8¢ 0 97 "0 6€ "0 760 1€ 0 6€ "0 66 "0 0¥ "0 7€ "0 2y °0 060 L9 0 99 "0 9€ "0 0€°0 87 "0 7S °0 IN
YAt €1 19 °0 86 "0 98 "0 050 0€ "0 8¢ 0 29°0 2€°0 62 "0 86 "0 79 0 €9°0 29°0 §5°0 120 86 0 L9°0 o)
10 v1°0 ¢2 0 0L "0 90 "0 [T°0 I[r°0 0L "0 02 °0 [T°0 010 6070 10 92 °0 81 "0 €10 €00 60 "0 G20 no
02 °¢ ¢ €€ ¢ 002 it €51 91 LVl 681 Le°1 971 861 LL°T 202 681 6L°1 L6 70 L8671 v1°e ‘OLL
VL0 9.0 LL 0 7970 L1570 19°0 250 LS50 08 "0 G970 1670 89 70 89 0 §6°0 2L °0 1870 16°0 L9°0 §6°0 0
7201 €01 76 V1 789 02 "6 6€ '€ 88 'S 06 ¢ 0T 0T 879 6€ ¥ VAL 12 01 LT°0T 99 °g 6G°L1 0L°€ 66 °TT GETT ‘OIS
V12 172 6 ¢ 9’1 2571 SO°1 891 G670 €1 ¢ 8L°1 9¢ 1 ¢ ¢ 80 ¢ 89 ¢ 061 1€ 2e 1 01 2 69 2 04UV
96 'T 681 112 002 91 "2 0L°1 0y -1 LS°T 8¢ ¢ 9¢ '1T 921 912 ¢ ¢ GG ¢ G2 ¢ Ve ¢ 8.0 122 eV e O3IN
€LY 97 g€ 80 L 1.°€ VLVl G961 9621 L9°€ e e L 81 8¢V 61°F v STAN] G8 '€ Gy "6€ 1€ ST O®rD
61 661 10°1T Iv-e 251 0L°L V.11 L1579 00°T 96 21 60 °TT S9°1 9¢ 1 66 °0 e v Vel 90 €2 00T €e 1l ‘O
80 LT T°L1 28 L1 92 "S1 7L 66 °6 Srarat 06 "TT 96 V1 00T L8°TT 9V *L1 ST 91 90 €1 6€°TT G781 €079 VLLT 127l RX
G¢ €2 2 €2 26 61 LE Ve L8 V2 86 'S¢ 99 '81 L1792 V2 'S¢ L6761 €S 12 6V 22 [ 4 86 V¢ 6592 7061 97 91 8¢ '€2 06 "€¢ UN
Weit WEg e =T 2y =T #HyoET o
[-FONSHD  T-DONSH  90AD  €0AD  €0AD  T0AD SIvd vivd Vivd 1vd 0rvd 0TvVd  VoIvd 80vVd 9ovd SOVd vovd rovd covd A aH

S1unoOweas NAURIY) pue Bzeleg WOI] SISO U -9, YOL1-00) Ul SIUIWD[D Y1ied 21el pue 1olew jo uonisodwo)) 7 dqe],

EHWOELTUNELETEENRE

(45



EHRVE S R ] ARV 55 BERR ER AL A X B B 4552 h iR Hoc R Y 52w 39
=3 BBISEET_TBRAELEE
Table 3 Virtual data of digital simulation mixing model between Cobalt-rich crust and phosphate x107°¢
LR BER 2R D 1% 8% 15% JLE MR +h 455% 75% 50% 25%
Y 7 000.0 134.1 408. 7 683. 3 1164.0 Y 500. 0 134. 1 408. 5 317.0 225.5
La 2 160.0 297. 4 371.9 446. 4 576. 8 La 151. 2 297. 4 187. 7 224.3 260. 8
Ce 1944.0 1600.0 1613.8 1627.5 1651.6 Ce 136. 1 1 600.0 502.1 868. 0 1234.0
Pr 408. 1 59.5 73.4 87.4 111.8 Pr 28.6 59.5 36. 3 44.0 51.7
Nd 1756.7 253.0 313.2 373.3 478. 6 Nd 123.0 253.0 155.5 188. 0 220.5
Sm 372.6 52.4 65. 2 78.0 100. 4 Sm 26. 1 52.4 32.7 39.3 45. 8
Eu 97. 6 13.1 16.5 19.9 25.8 Eu 6.8 13.1 8.4 10.0 11.5
Gd 514.6 58.5 76.7 95.0 126.9 Gd 36.0 58.5 41.6 47. 2 52.9
Tb 80. 7 9.1 11.9 14. 8 19. 8 Tb 5.7 9.1 6.5 7.4 8.2
Dy 505.7 51.4 69. 6 87.8 119.6 Dy 35.4 51.4 39.4 43. 4 47. 4
Ho 115.3 9.8 14.0 18.2 25.6 Ho 8.1 9.8 8.5 8.9 9.4
Er 328.3 28.2 40. 2 52.2 73.2 Er 23.0 28.2 24.3 25.6 26.9
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NASC-normalized REY patterns of mixing results Between Cobalt-rich Crust and Phosphate
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THE EFFECTS OF PHOSPHATIZATION ON THE REY OF
CO-RICH FE-MN CRUSTS

REN Jiangbo, HE Gaowen, YAO Huiqgiang, DENG Xiguang, ZHU Kechao, YANG Shengxiong

(Key Laboratory of Marine Mineral Resources, MLLR, Guangzhou Marine Geological Survey, Guangzhou 510075, China)

Abstract: Rare earth elements and yttrium (REY) are extremely coherent in the nature. The relative abun-
dances of them can be used to deduce their sources or subsequent geological processes. Major elements and
REY of the Co-rich Fe-Mn Crusts from Marcus-Wake Seamounts and Mid-Pacific seamounts are analyzed
by XRF and ICP-MS. Combined with previous studies, REY characteristic of phosphatized and non-phos-
phatized Fe-Mn Crusts are emphasized respectively. Fe-Mn Crusts with low P have low SREY and notably
positive Ce anomaly, as well as negative yttrium anomaly, after normalized by the North American shale
composite(NASC). While Fe-Mn Crusts with high P have relatively high SREY, positive Ce anomaly and
notably positive yttrium anomaly normalized by NASC. There must exist REY-rich phosphate components
in the phosphatized Co-rich Fe-Mn Crusts, which are especially rich in yttrium. The issue of phosphatized
crusts could be regarded as a mixed model of phosphate components and Fe-Mn crust components. Mixed
model simulating result indicates that REY-rich phosphate components in Fe-Mn Crusts have the same
REY pattern as seamount phosphate rock, but the content could be more than 10 times over that of sea-
mount phosphate rock. Besides REY®" and Ca®", other alkali-earth metal ions can also be bound to PO}
in water column, and there are numerous calcareous sediments in ocean, PO}  can replace CO5  in carbon-
ate sediments to form REY-poor phosphate. However, the growth of the Fe-Mn Crust is so slow that REY
has a better environment to compete with Ca at the time of PO} input, forming dissemination REY-rich
phosphate. Although PO} is still mainly bound with Ca*" in REY-rich phosphate, SREY/Ca ratio increa-
ses remarkably. This REY enrichment model may be a common geological process in non-calcium sedi-
ments in deep sea.

Key words: REY-rich phosphates; Co-rich Fe-Mn crusts; phosphatization; rare earth element; Western Pa-

cific Ocean



