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Abstract

The composition of rare earth elements (REE) of three-layered ferromanganese crusts collected from west
Pacific Ocean were analyzed by inductively coupled plasma mass spectrometry (ICP-MS), and the results show
that high total REE abundance(2_REE) and positive Ce anomaly (8Ce) are the main characters of the samples. The
>REE, 8Ce , (La/Sm)y and (La/Pr)y vary widely over three layers and decline from inner to outer layers. La

contents decline dramatically from inner layers to intermediate layer but increase from intermediate layer to outer
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layer. Gd/Gd* ratios decline slowly, Eu/Eu* ratios show non- or weakly positive Eu anomaly in outer layer.
Compared with hydrogenic polymetallic nodules, the inner and intermediate layers of the crust have positive Ce
anomaly, and outer layer has negative Ce anomaly, suggesting that the environment of forming inner and
intermediate layer ferromanganese crusts are more oxidizing. In addition, the source of the REE in
ferromanganese crusts is predominantly seawater. The REE characteristics show that the ferromanganese crust is
of hydrogenic origin, while submarine hydrothermal fluid might have added during growth.

Key words: geochemistry, ferromanganese crusts, Rare Earth Elements(REE), Inductively Coupled Plasma
mass Spectrometry (ICP-MS), West Pacific Ocean
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T (La/Pr)sno [FIFEIIERE, 4558 P EuRIGAIN 59 1E 5 5 1 5 2% 410 71 5 SBu I 8GA I T A E A
Michael5§ (1996) KM AKX (1) FIAIL (2) , KIBIEASTHE T (La/Pr) sh/t T 1.16~1.89, 3504
1.36, (Ce/Pr)sy/t T 1.49~3.35, P14 2.49, (EWEu*)A-T 1.22 ~ 1.32 Z 8], “F¥h 1.27, (Gd/Gd*) AT 1.32
~1.39 208, P390 1.40. UEHIXEEC R HIL T IESE, SEGMTH 45 R 2R

(Ew/Eu*)sy = Eugn/[(Smgnx0.67)+(Tbsn*0.33)] (D
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Table1 Compositions and major parameters of REE in ferromanganese crusts, nodules and basalts

FE 5 La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
MDD43 4k 313.88 795.52 57.72 26144 5311 1332 6067 7.76 51.93 10.69 3031 424 2641 4.14
MDD43 i 256.08 1166.32 51.19 21247 4358 1064 49.69 598 39.80 8.52 2401 354 22.68 3.66
MDD43 5% 399.19 1473.16 4877 22283 3672 940 5234 627 4505 1120 3270 4.86 3055 5.09
M27D 4 31445 864.44 57.67 26770 5071 1343 6353 7.80 53.13 11.83 3244 461 28.81 451
M27D i 225.00 1020.72 3725 16171 3374 866 4000 483 3267 857 2473 347 2339 370
M27D 5% 35113 1731.14 60.56 25934 4925 1260 6499 741 49.67 11.50 33.16 462 29.20 4381
MID30 4} 324.54 786.94 5861 26817 5441 1360 6273 7.99 51.10 1127 31.16 438 2753 440
MID30 # 255.50 1127.25 50.09 22283 4542 1142 5406 6.72 42.80 9.10 26.85 3.62 23.62 3.87
MID30 5% 390.39 1741.75 6127 28461 5079 1258 6274 729 49.73 1133 31.84 459 28.07 452
AN 317.62 815.63 58.00 26577 5274 1345 6231 7.85 52.05 1126 3130 441 2758 435
BT 245.53 1104.76 46.18 19900 4091 1024 4792 5.84 3842 873 2520 354 2323 374
TR 38024 1648.68 56.87 25559 4559 1153 60.02 699 48.15 11.34 3257 469 2927 4381
TG 101.66 266.66 28.99 13220 3063 7.96 3149 498 27.61 564 14.17 204 13.48 1.94
IR % 257.00 910.67 5171 21600 4579 1125 4938 744 45.04 924 2656 373 2436 364
Lk 63.06 81.97 1251 51.90 1011 318 1145 138 8.82 1.96 529 0.72 439 071

¥ 5 SLREE  YHREE  YREE LREE  §Ce SEu 5Gd (La/Sm)y  (Gd/Ybyy  (La/Yb)y (La/Pr)y (Ce/Pr)y EwEu* Gd/Gd*
MDD43 4k 149499  196.15 1691.14 7.62 133 0.72 136 372 185 801 2.14 2,08 0.77 117
MDD43 i 174028 157.88 1898.16 1102 232 0.70 142 3.70 177 761 197 344 076 121
MDD43 5% 219007  188.06 2378.13 1165 216 0.66 155 6.84 138 8.81 322 456 0.75 134
M27D 4h 156840  206.66 1775.06 7.59 144 0.72 141 3.90 1.78 736 215 226 0.80 125
M27D i 148708 14136 162844 1052 245 0.72 141 4.19 138 649 238 4.14 0.79 123
M27D 5% 246402 20536 2669.38 1200 263 0.68 1.53 448 1.80 8.11 228 432 0.78 133
MID30 4h 150627 200.56 1706.83 751 128 071 137 375 1.84 795 218 2.03 0.76 118
MID30 #i 1712.51 170.64 1883.15 1004 226 0.70 140 354 1.85 729 201 340 0.77 121
MID30 5% 254139 200.11 2741.50 1270 245 0.68 1.49 483 1.80 938 251 429 0.76 128
AN 152322 20L12 172434 757 135 0.72 138 379 1.82 7.76 2.16 2.12 0.78 120
Gz 1646.62 156.63 1803.25 10.51 234 0.71 141 377 1.66 7.13 2.09 361 0.77 122
SR 239849  197.84 259634 1212 241 0.67 1.52 525 1.65 8.76 2.63 438 0.76 132
Herig 568.09 10135 669.44 561 1.17 0.78 1.14 2.09 1.89 5.08 1.38 1.39 0.77 0.9
TR 149242 16937 1661.79 8.81 1.80 0.72 123 353 1.64 7.11 1.96 266 073 1.04
Zke 22273 3470 25743 6.42 0.66 0.90 122 392 2.10 9.69 198 0.99 098 121

e (La/Smyy 554 CURBL AT AR UELL 7 AT ELAEL,  CUSORER A1 4040 51 F Boynton, 1984; A% EUHE Hh Ry I UE I MU 5 AR PR A X (CCIX)

oK P 11X (2900~3300 m) R4,

51 SCHR3E24 44, 2004; 8Ce=2Cen/(Lan+Pry), SEu= 2Eun/(Smn+Gdy), 8Gd=2Gdn/(Eux+Tby) o
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Fig. 1 Chondrite-normalized REE patterns of individual layers in ferromanganese crusts from West Pacific Ocean
CL Chondrite REE data after Boynton, 1984; hydrothermal fluids HR22B4, CY8219G2 after Douville et al.,1999; meteorites and sea water data after

Wang et al., 1989
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Fig.2 Post Archaean Australian Shale (PAAS) -normalized REE patterns of ferromanganese crusts in West Pacific Ocean

(PAAS value from McLennan, 1989)
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Fig.3 Comparison among Chondrite-normalized REE patterns of different layers in ferromanganese crusts and polymetallic nodules
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Fig.4 REE abundance patterns normalized to hydrogenic polymetallic nodules for the ferromanganese crusts from the west Pacific

Ocean. The contents of REE in hydrogenic polymetallic nodules (after Jiang et al., 2004)
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REETE HAR S 2 DR M A b &S I, 2 S Wt o 5 sk Ak 2% 4 H 0 KL U 45777, TTREEN] Py 348
e O HAR MR 24 1 BRI B AR BRI T U o [ N ANAE & il &5 e s s P9 AT AN /D dRiE (£
IS, 19895 /R SC5E, 20015 KL, 1999; 2002; MZEHE, 2003; Z2EH5E, 2004; HERS,
2004; F¥UESE, 2008; be Baar et al.,1983; Aplin, 1984; Elderfield, 1988; De Carlo et al., 1992; Bogdanov et
al.,1995; Bau et al., 1996; Douville et al.,1999), 45} 7R & #4576 T REE 5 & & 48, YREE— /= T 1 000%10
O, MY R E T 100x10°°, LB AT B R — 8k, BN IECe R H B LR EE, 5
7K 3k P 47 Ce e R AR L0 28 B AR LB OC 2R, Mk DAk &5 52 H IREE = R, F Bk AR 4
AT SR A SR B TR B NS 58, CelfIE S L T 45 78 T | T A IR 8, Y (1) 4R S kiR 4k
A5 o A SORER VUK T VE = R G555 R W R + 0 B ICP-MSZM T4 T AL 25 5, (B L5 4% AN 45 5 [+
SEWH ORI =), BFG T Ie R T EIAT AR SRS (2001) TACAHEE I P4 et B4 i A 4 52 70
FHMMZESR, RIBHZCo AR tuam & EAg b W5, Moy Ni FiCu SEFEC, MvERFEs
Bhighise %ot /2 EEN YRR, REN AR Ak KA BT weE, SRS H e s
WEKAT, FEARNGEEEH Y, INZRERAE S A DR Case R (&35, 2005), H.
K2 e AR SIS, PPN AT 2 455 G Lo R B M Ce & i m Tl oe, (IR W3R
AR LU EB BRI R IE GBS, 2002) o MIMASCEE (R 1) wTLIEH, Mool 2 2lmin
2, HAWAEBIAKR, ISCeABMANR, HEM LIORLal& & T 1ABZEEIINE, SCelilik,
(La/Yb)NH9 0, JrsCe M/ b5 tLatfinsid . 4 7 I 8T G 2282 A, $Michael vh 5 H
KISEE (BT, (La/Pr)snHME NS E BB 2 K, ARG 2 BIANZHI A K . (Ce/Pr)snlFI{E A
SEREE— EHBSNZ WA, AR, AT S GRS 2 BIANE D R R 2, BB BRI RSN S,
SFACIREE ) 38 SRR S A, T IR SR B T30 JEUA S, & I AE RS & il 4 e AR KA FH TR o (e X 5%,
1999) , BrLA, IXPHEREE A SO AT BY TR SR AE F 2B, 1T (Bw/Pr)sntB A 559 BI3E 0. {H(Gd/Pr)sn L
REA S, TREDUES IIE R, Al e Gd™ B HARUT (G o0 2 AT RS (L 45, 1Gd MY IIE R
WAl R LRI EHLE S IR ER 51 (Bau et al.,1996) .
42 Ce RESHEGFINE

B S R AER I E EU  lmm/ Ma [EURENE A K, IRk T R IREE . RIS AR I K
Wi, gt B K FURYR . OREER L R AR SRR W AR ) AR I AR T A
XL B2 ARAEAE TG 3 S A 28 A S IR SR AR . REBAE N — N4, 03 2 (i) AT AR LU Hh Bk
AT A, AE TR A s 8 RIS I AS R AR 00 B o Cedt— MBS, e AE/K 258 5 ke AL A i i Ak
EAERIPUN AT e, ik Z0 i 5 ILAREER) 2B RY . Goldberg 2% (1963) 126K T i
JiFe-MnZit% 1A Celt) & 5, $&H Ce Nig /K HdfT th FE SRR L8 B A WA, 5 ko) Kyl K A SUiE
SET XA S . Klinkhammer (1983) X #UKIE B IX Ce s i I 8E— 2 32 8 T Ce 5 Fe. MnAfHILUTHE FIHL
. HTCe A AT RICeY, AT N Ce o AR Ak SR 2 E K 1 AU IR SRR AT 6 o ARSI AN [R] (44
TR I, Ce® WAL TT LU BUAE KB AR RA S, AR AT R KV HI 2 LA Ce S R IE. (g2
&, 1995) o HHTWRPHAE R TR TR FIREEFE B 2 PO 0 = ZEHLE], T DO P REE 1 bR A
AEFMERJZ /K A I SR 2 A B A SR AT X SO AR K AL 22 TR R . RSO = 2 45erh, B2 3140
JZ, SCeffihi, HERHA)ZEISZPOE WD, CesnlsElE ) RI4ME — By, Elderfieldss (1988) #F51K #
Fe-MnZ55¢ H [ REE KU 1AL (i K RS, I SR W] B (M Cean 4 « Moffett™ (1990) Ce™ (5L
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Fig.7 Variation of REE parameters from outer layers to inner layers of ferromanganese crusts from west Pacific Ocean.
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