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1
Tab. 1 Characteristics of the samples
(em)
ET0303-1 0.9 cm, s 0.9
ET0303-2 0.8
ET0303-3 . . 0.9
ET0303-4 . 0.5
1.2 /
1.2.1 , )
110°C s
200 o 0.1g HCIO, , HCI HNO, (D / /
, (ICP/ES)( JY-385) (L1 (2) (L2);(3)
> ° (L3); (D)
RSD<:g W (RSD)<C1.0%; (L1); (5)
O“ I N ( (L5 D,
) ) (ICP/ES) (
1.2.2 TY-385)
TRABBEEHS 028

1 mol/L HAc 40 mL, ¥ 8% % 20 min, /& &S,

BB

R/ TR BIRAEESE

0.1 mol/L NH,OH -HCI1-0.01 mol/L HNO; 40 mL
TBEKY 30min, BB, LA

40 mL 0.25 mol/L NH,OH-HCl-0.25 mol/L HC], 50°C

BB AKEKS 30 min, BHT, TA

0.2 g Na,S,0,+20 mL ATAL B4 - 3 BR 45 i I ik

50°C &2 /Ki#&-4k % 30 min,

BEHs,

2 mL 3 HNO,;+5 mL 1:1HF+1 mL HCIO,, /&8 %
KR, Mm2mlHCIO,, 1&RBAELE, /m5mLi:d

HClL, &%

Fig. 1
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2

X-

Fig. 2 The powder XRD patterns of the subsamples
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/
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12

2 Cu, Ni Ti  Co
C 2, o
2.1 N ET0303-1, ET0303-2, ET0303-3 ET0303-4
l —6 —6
.C(Mn)/C(Fe)  XREE 710. 8710 ,614. 91X 10"°,471. 36 X
4.38~15. 15; 1075 808.36X107°C 3),
2
Tab.2 Concentrations of the major elements and several trace elements of the samples
S (X10") C(Mn)
Mn Fe Ca Ni  Cu P Ba Ti Mg Al Co Zn Sr C(Fe)
ET0303-1 32.22 4.2526 1.471 1.783 2.008 0.1375 0.3248 0.330 2.9259 2.5077 0.334 1532 580. 5 7.58
ET0303-2 31.98 3.5671 1.336 1.401 1.620 0.1294 0.3463 0.211 2.7083 2.520 0.154 1549.5 509 8.97
ET0303-3 32.39 2.1392 1.367 1.314 1.351 0.1187 0.159 0.163 2.3206 2.041 0.129 2248.5 396. 3 15.15
ET0303-4 29.67 6.7705 1.696 1.403 1.054 0.1553 0.1511 0.424 1.8373 2.208 0.186 1619 512 4.38
3
Tab.3 Concentrations of REE in diagenetic nodule subsamples, the North America shale and the seawater
(X107%) (X107")
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
ET0303-1 102.7 234.3 28.84 128.1 32.36 7.213 30.9 4.75 26.43 5.28 13.9 2 12.8 1. 89
ET0303-2  92.74 178.9 26.77 116.8 30.13 6.782 27.6 4.38 24 4.73 12.2 1.78 11.4 1.65
ET0303-3  65.24 142.3 20.63  91.01 23.95 5.289 21.5 3.37 18.17 3.58 9.11 1.28 8.43 1.2
ET0303-4 110.9 306.3 32.46 133.9 34.86 7.836 32.7 5.2 27.13 5.39 14.1 1.99 12.8 1. 88
32 73 7.9 33 5.7 1.24 5.2 0.85 5.8 1. 04 3.4 0.50 3.1 0.48
4. 26 1.46 0.58 2.64 0.49 0.14 0.8 0.13 1.04 0.31 1.08 0.17 1.17 0.22
2473 m
1 nm- . 6-MnO, (  2),
/ ; ; .
Target:Cu 40 KV 100 mA Slits:DS 1 RS 0.3 SS 0.1 Speed:7deg/min.Step:0.02deg
\
\
N
l il 1‘% A:ET0303—1
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. e
\ : 3
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2.2 , ,
REE  90%
, 1.4,5 ’
REE REE 10%
, 90% REE Mn Fe s s
/ ) .
REE 10%C 4,
) 4 °
4
Tab. 4 The results of the selective dissolution experiments of subsamlples of the diagenetic ferromanganese nodules
(X107%)
Mn Fe P La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

ET0303-1-L1 1744.5 0.0 154.51  2.43 — 1.04 6.06 0.91 — 1.35 0.20 1.03 0.16 0.37 0.03 0.08 —
ET0303-1-1.2 345988.8 5319.2  106.97 64.20 103.06 11.56 42.44 7.87 2.59 8.24 0.97 5.38 1.01 2.66 0.38 1.90 O
ET0303-1-1.3 10600.4 22959.0 772.27 39.37 108.23 9.83 83.50 21.89 5.72 20.10 3.77 22.26 3.97 10.90 1.73 11.32 1

ET0303-1-1.4 4809.4 11902.7 173.99  4.98 - 0.86 3.48 0.58 0.10 0.42 0.07 0.50 0.11 0.40 0.05 0.40 0.09

ET0303-1-L5  63.7 5091. 9 5.48 1.47  4.08 0.29 1.05 0.24 0.10 0.21 0.02 0.14 0.03 0.10 0.02 0.12 0

363206.7 45272.8 1213.224 112.46 215.37 33.58136.5231.49 8.51 30.33 5.03 29.31 5.28 14.42 2.19 13.81 2

*322251.7 42525.7 1375.352 102.70 234.30 28.84128.1032.36 7.21 30.88 4.75 26.43 5.28 13.88 2.00 12.75 1

(%) 112.71 106. 46 88.2 109.5 91.9 116.4 106.6 97.3 118.0 98.2 105.8 110.9 100.0 103.9 109.7 108.3 113.0

ET0303-2-1L1 2496.7 0.0 135.63  2.21 — 1.03 6.20 0.96 — 1.40 0.21 1.09 0.18 0.37 0.02 0.09 —
ET0303-2-L2 340374.0 5119.9  140.92 58.93 90.65 11.63 44.57 8.65 2.72 8.27 1.06 5.71 1.09 2.78 0.36 1.91 0.31
ET0303-2-1.3 20523.1 18675.0 832.42 34.62 76.70 16.63 71.01 19.13 5.01 16.73 3.14 18.96 3.39 9.23 1.49 9.19 1.37
ET0303-2-1.4  159.2 4403.0  122.47 — — - - — - - — - — - - — -
ET0303-2-L5 118.5 8377.5 28.38 1.64 2.68 0.35 1.24 0.22 0.06 0.22 0.03 0.16 0.03 0.11 0.02 0.13 0.02
363671.4 36575.3 1259.812 97.40 170.03 29.64123.0228.96 7.79 26.62 4.44 25.92 4.69 12.49 1.89 11.32 1.70
*319889.6 35671.3 1294.359 92.74 178.9 26.77 116.8 30.13 6.782 27.61 4.375 24 4.733 12.17 1.777 11.39 1.648

(%) 113.69 102.53 97.3 105.0 95.0 110.7 105.3 96.1 114.9 96.4 101.5108.0 99.1 102.6 106.2 99.4 103.4

ET0303-3-L1 1330.1 0.0 107.30  0.91 — 0.61 4.20 0.49 — 0.96 0.14 0.71 0.11 0.22 0.01 — —
ET0303-3-1.2 348312.2 1975.9 93.72  44.66 83.12 11.1945.04 9.09 2.48 9.06 1.29 6.93 1.28 3.30 0.47 2.57 0.41
ET0303-3-L3 8151.2 16468.2 637.14 21.25 51.32 9.95 43.48 12.02 3.32 10.79 2.10 12.01 2.13 5.78 0.93 5.89 0.92
ET0303-3-1.4 4155.0  3586.4  191.89  3.00 - 0.66 3.16 0.51 0.01 0.32 0.07 0.41 0.09 0.25 0.03 0.34 0.07
ET0303-3-LL5  29.2 1921.7 35.15 0.57 - 0.12 0.45 0.03 0.00 0.06 0.01 0.06 0.01 0.04 0.00 0.03 0.00
361977.6 23952.2 1065.20 70.39 134.45 22.53 96.33 22.13 5.82 21.19 3.62 20.12 3.62 9.58 1.44 8.82 1.40
*323994.2 21392.3 1187.6056 65.24 142.3 20.63 91.01 23.95 5.289 21.53 3.366 18.17 3.584 9.113 1.276 8.434 1.196

(%) 111.72 111. 97 89.7 107.9  94.5 109.2 105.8 92.4 110.0 98.4 107.5 110.7 101.0 105.1 113.0 104.6 117.3

ET0303-4-1.1 667.5 0.0 57.03 8.52 - 0.91 5.32 0.74 — 1.21 0.18 0.94 0.16 0.34 0.02 0.06 -
ET0303-4-1.2 317721.1 5536.0 53.90  44.33 81.29 7.71 28.84 5.40 1.61 6.42 0.82 4.77 0.92 2.39 0.34 1.86 0.32
ET0303-4-1.3 5097.9 55710.1 981.19 58.47 172.20 24.30 99.44 24.61 6.29 23.25 4.03 22.84 4.06 11.33 1.78 11.21 1.70
ET0303-4-1.4 4429.9  7303.9 166.98  3.15 - 0.74 3.44 0.55 0.03 0.44 0.11 0.52 0.11 0.36 0.05 0.35 0.07
ET0303-4-L5  47.7 5279.0 31.65 1.79  2.90 0.39 1.44 0.26 0.08 0.24 0.03 0.17 0.03 0.11 0.02 0.11 0.02
327964.1 73829.0 1290.759 116.26 256.39 34.05138.4831.56 8.01 31.55 5.16 29.23 5.28 14.52 2.21 13.58 2.10
*296733.3 67705.4 1553.93 110.9 306.3 32.46 133.9 34.86 7.836 32.73 5.203 27.13 5.385 14.07 1.986 12.8 1.875

(%) 110.52  109.04 83.1 104.8 83.7 104.9 103.4 90.5 102.2 96.4 99.1 107.7 98.0 103.2 111.3 106.1 112.2

“__» “ o, o»
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£ 0 0 0 0 = £ 0 _
;;/;;534’43% 6841’\4 . 54. 757 (o 0.56(6=0.09) 0.59(s=0.11);
’ ° [16] n ¢ (Yb/Nd)\]As( (LU/Nd)NAs(‘
ET0303-1,ET0303-2,ET0303-3 ET0303-4 Mn 1.376e=0.100 1. 34 (=0 1))+ ,
Fe 4.38~15.14 REE ’ ’ S REE
Fe,Mn
s 1 nm-
REE / , /
1 nm- s REE
/ . ,
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[22,23]
s (LREE) (KM REE
80% . (HREE) 90 % Ll ’ ' N b REE o
REE(CO;), REE(CO;) ™ LM,
i ’ / s [M
REE(CO,)" LREE .REE(CO,),  REE 1 nm- » LM Jsw
HREE (18] REE )
1 nm- pH  (ZPC) 3.98 b =L M Jromn /LM Jsw
[19] , pH 7.9~28.4 [20] , REE /
1 nm- , 1 nm- ,
, REE  1g(Ki)rowm ¢ 3, 4.
1000
o —~—ET0303—1
= —=— ET0303—2
x —— ET0303-3
AE 100+ —— ET0303—4
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
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Fig. 3 Logarithm of the distribution coefficient (K}) of individual REE between amorphous ferric oxide/hydroxides and seawater
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Enrichment mechanism of rare earth element in marine diage-
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Abstract: A series of selective dissolution experiments was conducted on marine diagenetic ferromanganese
nodule to investigate the distributions of rare earth elements (REE) and the mechanism of combination be-
tween REE and the marine diagenetic ferromanganese nodule. The enrichments of REE are mainly attribu-
ted to amorphous ferric oxide/hydroxide rather than to 1 nm-manganates. The REE in seawater are more
strongly combined by amorphous ferric oxide/hydroxide than by 1 nm-manganates. Amorphous ferric ox-
ide/hydroxide preferentially combines free REE*" in modern seawater, while 1 nm-manganates combine the
REE-carbonate complexes. The slightly negative Ce anomalies in both amorphous ferric oxide/hydroxide
and 1 nm-manganates indicate that Ce®” can not be oxidized to Ce'" to precipitate due to the reducing or ox-

ygen depletion zone in the bottom sediments in which the diagenetic nodules were formed.
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