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%1 H4&REHD MnFe f1 REES
Tab.1 Mn, Fe and REEs in selected polymetallic

w5 % K #E (N)| K& (m) Ma Fe La Ce
CP-1-3 177°32'E 10°0’ 5480 33.47 5.38 126 208
25B-1 179°37'E 10°44’ 6025 19.17 15.80 153 1000
CP1601 178°52'E 11°00’ 6117 20.07 19.41 231 1020
CP2405 178°28'E 9°31” 5987 19.89 16.37 211 791
CP2-112 176°14'E 7°02’ 5369 17.68 20.10 249 796
CP0413-2 176°28'E 7°31" 5450 20.05 19.10 229 776
CP1514 179°36'E 9°32’ 6 146 20.18 16.63 198 761
CPo0710 176°44'E 9°43’ 4963 18.20 16.06 221 741
CCX103 146°01'W 10°58’ 5300 24.20 12.99 199 977
CCX104 146°01'W 10°58’ 5300 33.46 5.90 95 360
CC3615 139°59'W 10°30’ 4830 23.99 6.88 109 185
CCA6FG1 141°01'W 9°00’ 5043 21.89 13.40 202 752
CCA17FG1 139°13'W 8959 5025 26.24 5.03 94 225
CCA17FG2 139°13'W 8°59’ 5025 20.15 6.17 98 227
CCA45FG 141°16'W 11°14’ 4874 28.42 4.56 130 267
CCAT2FG2 140°13'W 9°10’ 5077 25.26 5.16 85 188
CCAT8FG 141°44'W 10°44' 5176 24.25 13.06 199 760
CCA9%Y’ DG 141°44'W 10°45’ 5075 23.18 11.59 173 785
CCAI132FG 140°23'W 10°52' 5088 21.44 16.62 166 679
CCC41FG 143°45'W 8°00° 5020 30.60 4.51 96 219
CCC50FG 142°29'W 7°31’ 5112 27.81 4.05 97 218
CCA99" DGC-3 141°47'W 10°45’ 5022 19.57 25.29 338 723

CPXZ @ BEAZMM LEE (X REE)(1 32113 X 107°). BB /T CCXE&EN
(648.32X107%); £4&BEEM SREE(L 450.14 X 107%) & T CC REBK,X&ET
CP X&EM. BRISE&ESERREANY ., ERMMEEMNEKHENMREHEA
1 W32, 4 B A TR IR W0 B K RIBIBR Ko I E R AR RIBUKIE I, CC
X &2 Mok B ikt CP IXER(BE  165%,1991)0 Ak, X REE ik lig5E., CP X4
BE CC RKERRKMEM, XERBKERAR, BMEBA, XL REE 24059
2h+48, #il, EBXE#% (CCA6FGL, CCA78FG, CCA99DG Fi CCA132FG)
1 REE f9E 5P PR MK 48 (CCA17FG1 CCA17FG2,CC3615 A1 CCA72FG2)
B, W2 1o :

A2 @ BREBNY REE MGG EL. KR-BERERNTBEDHERE
B, La, Ce, IREE HRMPEMMEZHBHME S, BHSRERTED IR #EAKH
KSR REE ELMTR#ABR KRB E .

ZeBER P REEWERESEBTWAKR . ZETREREIIHX HAE 1 7L
EHY, 4% ZREE MM HINLTMEIR; B 6-MaO, ML ME. XUHAMAXY
THSEHES >, REE HEWERT 6-MnO, 1, BRIXMHERNEETRESTZ. —R
8-MnO, *f REE fWMsE DL SRR 38; =& o-MnO, R TLOBET EmAL
RIS, B AR T REE JllE. £eBERHRAESHREITEMRRM, 45
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6 573
BUER: Mn(%), Fe(%), REE(x1079)]
nodules [units: Mn(%), Fe(%), REE( X 107%)]
Nd Sm Eu Tb Yb Lu 8Ce LREE HREE ZREE
149.0 24.20 8.05 3.8 18.00 2.41 0.690 515.25 24,26 539.51
94.5 19.70 6.57 3.6 19.30 2.69 3.307 1273.77 25.59 1299.36
212.0 48.90 11.60 8.6 25.00 3.65 2.009 1523.50 37.26 1560.76
225.0 47.10 11.10 7.1 25.10 3.04 1.625 1285.20 35.21 1320.41
202.0 50.60 11.70 8.4 25.60 3.11 1.509 1309.30 37.14 1346.44
230.0 48.40 11.80 8.0 25.60 3.03 1.498 1295.20 36.61 1331.81
197.0 43.1¢0 10.60 6.9 24.30 3.00 1.705 1209.70 34.23 1243.93
214.0 43.70 9.82 6.0 24,60 2.90 1.500 1229.52 33,52 1263.04
152.0 51.10 15.20 9.6 26.50 3.33 2.356 1394.30 39.40 1433.70
169.0 27.10 8.41 5.2 15.00 2.09 1.339 659.41 22.31 681,72
107.0 30.60 7.31 4.1 |- 13.60 1.67 0.756 438.91 19.37 458.28
265.0 54.60 11.60 8.1 16.70 2.58 1.496 1285.20 27.38 1312,58
158.0 30.40 6.66 4.9 11.00 1.49 0.866 514.26 17.37 531.63
112.0 31.20 7.21 5.5 10.20 1.50 0.983 474.91 17.20 492.11
122.0 37.10 8.24 6.6 11.10 1.98 0.928 564.34 19.66 584.00
105.0 27.20 6.14 4.7 9.66 1.41 0.911 411.14 15.78 426.92
260.0 53.50 12.00 8.1 17.80 2.83 1.537 1284.50 28.70 1313.20
150.0 45.10 9.94 7.3 15.10 2.29 2.101 1163.04 24.69 1187.73
156.0 44.00 9.78 7.3 15.40 2.54 1.848 1054.78 25.25 1080.03
115.0 28.90 7.00 4.7 9.59 1.69 0.946 466.30 15.93 482.23
106.0 28.20 7.00 4,5 10.50 1.49 0.969 455.70 16.53 472.23
220.0 72.40 15.60 10.8 23,70 3.94 1.069 1369.00 38.44 1407.44
%2 SLBERRAEETANS REE pTH &R RIHEH (x107)
Tab. 2 Average contents and characteristic values of REE in
polymetallic nodules and associated sediments ( X 107%)
HOR La Ce Nd | Sm Eu Tb Yb Lu | 6Ce | LREE [HREE| ZREE
#| CP X(E#HE) | 247 774 210 42,8 |11.70 | 6.97 | 25.3 | 3.36 | 1.57 | 1285.50/35.63 | 1321.13
,1.% CC X(EHE) | 113 335 140 33,2 | 7.77 | 5.41 | 12.1 | 1.84 | 1.17 628.97|19.35 648.32
% % % 265 767 304 61.7 |15.30 (10.50 | 22.5 | 3.64 | 1.26 | 1413.50/{36.64 | 1450.14
7 CP X(EiE) 60 82 67 15.6 | 3.67 ) 2.70 | 7.29 | 1.09 [0.583 | 228.27 [11.08 | 239.35
F CC RCEHME) 93 83 110 26.2 | 6.60 | 4.58 |11.60 | 1.84 |0.371 | 318.80 {18.02 | 336.82
& FigE 77 83 88 {20.8(5.1213.63]9.42 | 1.46 [0.457 | 273.92 [14.51 | 288.43
JLETE 32 73 33 5.7 1 1.24 ) 0.85 3.1 0.48

BT R ZED A AA:
Fe J0E 4 (Fe, Co, Pb, Ti, REE, Sr, Sc, As &) —&EELEH (Si, Al,K,Na, Ca
F), EMRETERA (P, Ca, Si, U, Th, REE ZH)FG KA (Cl, Na, Ba &)
(Bk#8%5, 1991), REE 5 Fe HxRHX R, HACINER | ER5A B REEAH
AR, MEFFE T /KR REE %AW REEREE, AR Fer HR Fe BHRE
e P AR, FL R I IE o
2.2 Wt IoEES I

Mn %4 (Mn, Cu, Ni, Zn, Mg, Mo, Sb, Ba %),

Z&BEZT REE WFEREEMMRK, BRESHEREL
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Fig. 1 Correlation between TREE and Mn minerals
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Fig. 2 REE partitions of polymetallic nodules from different morphological units
EFTHG KRKEEAREREN Ce ERFE, BRPBIERKT Ce 85 XREEH 50%
Pl ko X THRAMERIRYERHE, 2 BEZHEESE LREE,

Bl & EE# REE WESHEBAK ELERTom, BHIEREEZ. ARIKX
AR R LR AL, REE B RIEARR, EERIE Ce B b, KRER(KRE S
CP REROLFE AR S (KEY CCRERBORFRM Ce ERY, H—#XAH
WIS @ B4 # REE BORERE 25, Ml EmB X 4%+ XREE #&&, RHE
B Ce ERHE;SFIRMMX 4R ZREE K, Ce WIERT AHE, HEHI Ce WHR
B CRXEZ#ZAN REE BEABRAN TE LSS SERMM X 4% 2, THE Ce B
(B2) B Z2FE4% REE Ry LRB B BEFRR, N 2R E B R4 4
AREHIE BT XK - AR R AR R F MR E R, FEE TR R K
afeH. BIBCEERIRIRES X S TR B A 36, FURIR S K, B & 1 F E BBV TH B
K EBIE R Mt AR,

CP, CC WXLk, CP XEEERE Ce, Bl Ce WIEREIHE, Ce FE—HA
T 700X107°; 8Ce 124 1.57, CC R4 Ce EES Ce BHER CP REZEM,
Hpbi# Ce FHMMEAR; 6Ce ¥4 1.17, ARBAFIERFEBRARIAESHEENR
AEBER Ce aRH%, MHEAE Ce WIERY, Elderfield F1 Greaves (1981) 5
Fleer (1984) A4, MiREAEWMERNEZEE Ce NMRY, HEERRIEDRAG
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REFAFHLERITRE Ce WAFHE (Elderfield et al., 1981), % 3, B 3 AILE
H,# K, CP, CC,C. P XKyJj Cé/La LLERMRFEMRIIES , X IELF AR I R
HHE—H. XEFENMEEENERIEEHEE ZEENR, BEFE, Ce RERA
(Ce*t — Ce* )M ITEE, I EKE T Ce & BB H R, AMERNE B &SRR
Ay Ce/La ELEIRR KR F,.G XAZERMIERE RN, ik, R&MKH Ce/La EbiE,
S5Z&RBEBLENTRME Ce/La LEN EREEAMRK KRR, HBH Ce/La thES
TR Ce/La LLERPEANFLHAEIIZRFHELEFEFERLY RER—
WXL —RE Ce ERH,MRRMILFLEA Ce HRH,EH Ce/La tLET/E
—Hi. HHBEEMNTHRAM EEMKHET, C¥t HBL Ce*t, F'* F K Fe't, H
RHUAR, SR8 Ce 5 Fe BUBEMN. Hit, ERIKRISZEY BEH#RK-TRY
REANBRRRZEZ SBES# REE BSHERARRR,

T3 KPEFTRERSEREZMNRY Ce/La Hefl

Tab, 3 Ce/La ratio of nodules and sediments from different area in the Pacific

WA E K Ccp cC c P F G
ok 8.05 3.13 2.96 | 3.70 2.04 1.44 1.51
Ry | 212 1.37 0.89 1.09 1.08 0.60 0.66
W 180
N
2°
CP —

B3 &3 EEAERE

Fig. 3 Sampling locations of Tab. 3 data
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S EBERERK REE RERNHRMK, 48P REEWFEESEI BT LM
JR ISP R AR o
3.1 ZeRBEBRNEERTARREEEKFMEBEAK, REKPERNER REE £5
%, Ce ERFHR; RITRWAIBKZMAEKNEH REE FEK, Ce ERFEARAHE,
32 Z&EHBW, REEEESEIMAHAR. EETRSEER, & 6-MnO,,Fe FHML
# REE FFE, Cc ERFHLE.
3.3 BREUENEESELEHTHN REE EFETFERW, BILEHXEE REEEEE,Ce
EREHE; FRUMXZE REE £EK, Ce ERWAHE, EEHI Ce AR,

D) KB RES 1990, XL EPBE & BARTRRE.




576 " ® 5 # #A 24 3

3.4 milZeESRT REE SARERNREENTERRRK-TIRY R EOE ML
F A, X — SRR A G R E R IR R RS (R A G E AT
B o

& % X ®
B, 1991, KB HG S & RS BT R R ETII1 HR S SR, 11 (GHTD: 67124,

Elderfield, H. and Greaves, M.J., 1981, Negative cerium anomalies in the rare earth element parter-
ns of oceanic ferromanganese nodules, Earth and Planet, Sci. Less., 55: 163—170.

Elderfield, H. et al., 1981, Rare earth element zonation in Pacific ferromanganese nodules, Geochim.
Cosmochim. Acaza., 45: 1231—11234, .

Fleet, A. J., 1984, Aqueous and Sedimentary Geochemistry of the Rare Earths, Amsterdam, Elsevier
pp. 343—373,

RARE EARTH ELEMENT GEOCHEMISTRY OF POLYMETAL-
LIC NODULES FROM THE CENTRAL PACIFIC*

Yao De
(Institute of Oceanology, Academia Sinica, Qingdao 266071)

Liang Hongfeng, Zhang Lijie, Xu Dongyu

(Institute of Marine Geology, Ministry of Geology and Mineral Resourees, Qingdao 266071)

ABssTrRACT

Based on the rare earth element contents determined by instrumental neutron activition me-
thod in the polymetallic nodules collected from the Central and Eastern Pacific by R/V Hai-
yang 4 during her 861, 871 and 881 cruised of 1986—1988, the following conclusions are sugges-
ted. Polymetallic nodules, as a particular type of deep sea sediments, are very rich in rare carth
elements (REE). Most of the nodules from the Central Pacific (CP area) and Eastern Pacific
(CC area) have positive Ce anomalies. XREE is highest in polymetallic crusts from seamount,
lowest in early digenetic nodules, and between tht above two values in hydrogenetic nodules.
The positive Ce anomalies of early diagenetic nodules are obviously lower than those of hydro-
genetic nodules. Sometimes, the early diagenetic nodules have negative Ce anomalies. XREE
in polymetallic nodules from seamount and hill at the seafloor is higher than that of polymetal-
lic nodules from abyssal plain and depression. The positive Ce anomalies of the former are
higher also. In an individual nodule, the REE and positive Ce anomalies increase from the
bottom to the top. There is a positive correlation between REE, Fe and 8-MnO, in polymetallic
nodules. REE are concentrated in polymeallic nodules at oxidaion condition. The main factor
controlling REE distribution in polymttallic nodules is the Eh value at the water-sediments
interface, and geological factors which can lead to variation of the Eh value are early dia-
genesis, hydrothermal activity, AABW, and others.

Key words  Polymetallic nodule Rare earth elements Eh
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