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Elemental Occurrence Phases of the New-Type Ferromanganese
Crusts from the East Philippine Sea
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Abstract; To understand the elemental occurrence phases in the new-type ferromanganese crusts from the East Philippine
Sea, chemical extraction method has been utilized to analyze the occurrence phases in three crusts. The occurrence phases of
metallic elements and rare earth element (REE) in different types of crusts are coherent as a whole, indicating that they were
formed in similar geologic and oceanic conditions. Among the metallic elements, Fe and Cu mainly concentrate in the residual
phase, while Mn, Co and Ni mainly concentrate in the manganese oxide phase, organic phase and residual phase. Besides,
the manganese oxide phase of the buried crust has higher metallic element proportion. The trivalent REEs mainly concentrate
in the manganese oxide phase. Ce mainly concentrates in the residual phase of two crusts on the sediment surface. While Ce
mostly concentrates in the manganese oxide phase of the buried crust, which perhaps is associated with the higher Mn con-
tent in its manganese oxide phase. The REE contents in the carbonate phase and organic phase are only about 1% of the total
REE respectively, which indicates that they have little impact on the enrichment of REE in the crusts.
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Table 1  Characteristics of the new-type ferromanganese crusts
(m) pH Eh (m¥)
17°53. 27'N 4 837 7.54 161
136°46.47'E
18°41. 23'N 4650 7.44 127
137°52.31'E
17°36. 68'N 4162 7.28 131
138°58.49'E

(17~19 em)
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2 Fe .Mn.Cu.,Co Ni (%)
Table 2 Analysis results of Fe, Mn, Cu, Co and Ni in different phase of the new-type ferromanganese crusts
Fe Mn Cu Co Ni
Ay <0.1 <0.1 0.1 <0.1 <0.1
G <0.1 0.4 2.6 <0.1 2.4
F 13.5 31.6 32.0 45.5 62.1
O <0.1 25.6 3.7 29.5 16.7
R, 86. 4 42.5 61.6 24.9 18.8
Ay <0.1 <0.1 <0.1 <0.1 <0.1
Cy <0.1 0.3 1.6 <0.1 0.8
F, 12.2 34.4 37.4 38.6 55.0
(02 <0.1 37.5 11.6 36.5 29.0
R, 87.7 27.8 49.4 24. 8 15.2
Aj <0.1 <0.1 <0.1 <0.1 <0.1
Cs 0.1 8.4 1.2 <0.1 0.6
F, 17.8 56.4 40.5 53.2 66. 4
O3 <0.1 31.6 7.4 22.7 19.7
R; 82.1 3.6 50.9 24.1 13.3
:A.C.F.O R . N N , 1.2 3
3 (%)
Table 3 Analysis results of REE in different phases of the new-type ferromanganese crusts
La Ce Pr Nd Sm Eu Gd Tb Dy Ho
Ay 0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
G 1.9 0.4 1.7 2.0 2.3 2.5 2.6 2.3 2.2 2.2
F 68. 2 33.9 60. 4 59.3 57.2 59.0 58.5 59.3 59.2 59.2
O 1.8 1.5 1.4 1.5 1.8 1.8 2.3 2.3 2.5 2.9
Ry 28.1 64.0 36. 4 37.2 38.7 36.7 36.5 36.0 36.0 35.6
Ay <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cs 1.4 0.3 1.3 1.4 1.6 1.7 1.7 1.6 1.5 1.5
F, 53.3 33.2 50.5 50. 7 47.9 48.9 49.1 49.5 50.4 50.9
Oy 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.1 0.1 0.1
R, 45.3 66. 4 48.1 47.7 50. 4 49.3 49.1 48.7 47.9 47,4
A 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cs 1.6 0.3 1.6 1.9 2.4 2.6 2.6 2.5 2.3 2.4
F3 76.3 62.8 76.6 77.7 77.6 79.5 78.2 80. 2 81.4 82.0
O3 2.0 1.6 1.7 1.9 2.4 2.6 2.9 2.8 3.0 3.2
R; 20.1 35.2 20.0 18.4 17.6 15.3 16. 3 14.5 13.3 12.4
Er Tm Yb Lu Y > REE > Ce > Ce/2Y" 0Ce JEu
Ay <0.1 <0.1 0.1 <0.1 <0.1 <0.1 0.1 4.1 8. 39 1.32
C 2.1 1.8 1.9 2.0 3.2 1.3 1.0 0.4 0. 39 1. 04
F 58.6 57.3 58.9 61.8 77.1 49.5 45.1 0.7 1.07 1.05
O 3.1 3.4 3.6 4.2 4.7 2.0 1.6 0.4 1. 95 0.91
Ry 36. 2 37.5 35.6 31.9 14.9 47.1 52.3 2.1 4.03 1.01
A, 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 1.1 0.92 2.24
Cs 1.4 1.2 1.2 1.4 2.1 1.0 0.8 0.4 0.52 1.05
F, 50.8 49. 6 50.0 52.4 67.8 44, 2 40. 3 0.7 1.27 1.04
O, 0.1 0.1 <0.1 0.1 0.1 <0.1 <0.1 0.6 1.17 1. 00
R, 47.6 49.0 48. 6 46.0 30.0 54.7 58.8 1.5 2.81 1.03
A <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 1.7 3.25 0.93
Cs 2.2 2.0 2.0 2.1 3.0 1.3 0.9 0.3 0. 31 1. 06
F; 82.3 82.4 82.9 84. 2 88. 8 72.1 68. 8 0.8 1. 44 1.05
O3 3.3 3.3 3.5 3.8 3.8 2.1 1.8 0.5 1.48 1. 00
R; 12.2 12.2 11.7 9.8 4.4 24.5 28.5 3.3 3.08 0.93
:2REE.2Ce XY L, 2Ce/2Y 2Ce/2Y 2Ce/2Y s

0Ce=Ce/Ce* =2Cesn/(Lasy +Prsy) s dEu=Eu/Eu* = 2Eusy/(Smsy +Gdsy) » SN

(Byrne and Sholkovitz,1996).
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Fig. 2 Shale-normalized REE distribution patterns in different phases of the new-type ferromanganese crusts
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