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Abstract: Ferromanganese crusts (also known as cobalt-rich crusts or polymetallic crusts) are important strategic resources of minerals rich in
key metals (Co, Cu, Mn, Ni, Ti, V, REE, Y, and Zn), which is essential for both human being’s daily life and high-tech industries. We conducted
mineralogical and geochemical analyses of nine ferromanganese crust stations obtained from depths of 1900~2 600 m in the southern section of
the Kyushu-Palau Ridge, analyzed the mineral composition, major and trace element contents, and rare earth element (REE) contents of the
ferromanganese crusts, and explored their genetic types. Results show that the mineral composition of the ferromanganese crusts was dominated
by vernadite, and contained a large amount of amorphous iron oxide/hydroxide. The average contents of Mn, Fe, Co, Ni, and Cu were 16.15%,
15.38%, 0.32%, 0.33%, and 0.10%, respectively. The average CaO/P,Os ratio was 5.93, indicating that the ferromanganese crust samples from
the southern section of Kyushu-Palau Ridge had not undergone phosphatization. The ferromanganese crusts were significantly enriched in
REYs, with an average content of 1194 pg/g. Light REEs were significantly enriched, and the Post-Archean Australian Shales (PAAS)

normalized distribution pattern was relatively flat, showing a positive Ce anomaly and no Eu anomaly, and the REEs in the ferromanganese
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crusts may have originated from seawater. The mineral composition and genetic discrimination diagrams of the ferromanganese crusts indicated

that they were of hydrogenetic origin and were not significantly affected by diagenesis.

Key words: ferromanganese crusts; geochemistry; mineralogy; genesis; the Kyushu-Palau Ridge
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Fig.2 Ferromanganese crust samples from the southern section of Kyushu-Palau Ridge

A: platoid crust, B and C: gravel crust, D: cobalt nodules.
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Table I Major element composition of ferromanganese crust samples in the southern section of Kyushu-Palau Ridge (element content: %)

PSS Al Ca Mg K Na Ti P Mn Fe Mn/Fe
A3 2.84 4.19 1.31 1.48 5.98 1.24 0.76 15.0 15.7 0.96
A4 2.66 491 1.13 0.92 5.79 1.13 0.53 14.7 18.0 0.81
A5 1.40 3.82 1.13 0.76 5.33 1.19 0.70 21.1 17.6 12
A7 4.70 4.49 1.75 1.47 5.40 1.16 0.25 10.4 13.8 0.76
Al2 2.02 6.91 1.16 0.87 4.48 1.09 0.49 16.8 15.9 1.06

Al2-1 3.18 5.58 1.22 0.90 2.22 0.82 0.40 12.5 14.3 0.87
Al12-2 0.85 6.46 1.24 0.44 2.67 0.70 0.42 16.9 13.0 1.3
Al7-1 132 2.29 1.27 0.43 1.55 1.02 0.36 21.6 15.1 1.43
Al17-2 1.14 2.97 0.91 0.38 1.29 0.79 0.31 16.9 12.9 1.31
ABI12 5.03 2.82 1.33 1.05 2.36 0.96 0.40 11.5 15.1 0.77
ABl14 1.97 2.23 1.14 0.48 1.70 0.98 0.39 17.9 17.6 1.02
ABI5 2.38 2.41 1.15 1.00 2.50 0.90 0.38 18.4 15.8 1.17

Fz2 MBS EEEEREERTN RSN FREETPEIECRLESE
Table 2 Contents of main metal elements in ferromanganese crust samples of the southern section of Kyushu-Palau Ridge and other major
ocean ferromanganese crusts

FE i s Mn/% Fe/% Co/% Ni/% Cu/% Y/(ug/g) SREE/(ug/g)
A3 15.0 15.7 0.34 0.28 0.07 196 1286
A4 14.7 18.0 0.21 0.24 0.10 135 1024
A5 21.1 17.6 0.47 0.40 0.07 188 1327
A7 10.4 13.8 0.21 0.20 0.10 61 640
Al2 16.8 15.9 0.36 0.32 0.10 163 1239
Al2-1 12.5 14.3 0.20 0.26 0.08 122 860
Al1222 16.9 13.0 0.28 0.32 0.04 134 1075
Al7-1 21.6 15.1 0.50 0.55 0.23 103 1267
A17-2 16.9 12.9 0.39 0.38 0.11 106 1001
ABI12 11.5 15.1 0.18 0.21 0.11 120 761
AB14 17.9 17.6 0.34 0.38 0.14 142 1244
AB15 18.4 15.8 0.39 0.40 0.09 115 1022
P CMAH L0 242 15.1 0.16 0.34 0.01 140 1148
i e e 19.6 16.4 0.66 0.37 0.12 170 1775
HROR R 22.8 16.9 0.67 0.42 0.10 221 2221
B AP 21.7 18.1 0.62 0.46 0.11 177 2363
pNrE 14.5 20.9 0.36 0.26 0.09 181 2249

B e 17.0 223 0.33 0.26 0.11 178 1457
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