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Enrichment and resources potential of titanium in cobalt-rich crust
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Abstract: One cobalt-rich crust C5 from M seamount in Central Pacific Ocean was analyzed mineralogically and
chemically to understand the geochemical characters of Ti in cobalt-rich crust. The results show that the cobalt-rich crust
CS5 shows two growth generations, the lower older section and the upper younger section. The older section contains the
carbonate-fluorapatite todorokite and goethite, besides vernadite, amorphous FeOOH-xH,0, quartz, feldspar and calcite,
which occur in the younger section. The Ti in the older section has an average mass fraction of 0.75%, which enriches in
iron mineral phase and detrital mineral phase and origins from seawater and clastic minerals. In the younger section, the
content of Ti is 1.92%, which enriches in manganese mineral phase through lattice-substituting and origins from seawater.
Furthermore, dynamic process controls partly the enrichment of Ti in crust. However, the enrichment fluxes of Ti change
during the cobalt-rich curst growing, which could be induced by the multiple material sources. The cobalt-rich crust is a
potential Ti resource on the seafloor.
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Table 1 Chemistry compositions and growth rate (v) of cobalt-rich crust in different structure layers
Structure Thickness/ Mass fraction/% v/
) Texture of crust layer Ma~!
ayer mmo 7 Al Mn Fe Ni Co Cu Ba p (mmMay
L1 Laminated texture 16.71 0.69 054 17.66 993 042 022 0.13 021 4.89 3.13
L2 Massive column 4.64 0.76 031 23.85 13.01 032 034 0.14 0.234 256 2.54
L3 Light laminated texture 4.29 0.70 028 26.72 979 054 044 021 0.263 247 1.58
L4 Grey laminated texture 1.64 0.70 032 19.44 12.10 0.27 033 0.15 0.238 3.89 2.03
L6 Dendritic texture 9.05 0.88 0.57 20.76 12.03 036 035 0.18 0.225 3.12 1.93
L8 Massive texture 9.84 1.38 046 27.65 1595 054 0.72 0.17 0.179 0.22 0.94
L9 Massive texture 5.78 1.20 047 27.80 1539 0.62 097 0.13 0.157 0.25 0.56
L10 Dendritic and column texture ~ 7.48 1.00 097 2339 16.51 045 0.84 0.07 0.123 0.32 0.62
Mean 093 0.55 22.84 13.05 044 051 0.15 0203 221 1.68
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Table 2 Comparison of Ti content in crust C5 with other

previous works

Sample w(Ti)/%
Crust from M seamount 0.93
Crusts from Marshall Islands ! 0.77
Crusts from Hawaii Islands ! 1.05
Crusts from equatorial Indian Ocean!'” 0.92
Hydrotermal manganese oxide deposits!'”? 0.02
Fe-Mn nodule from C-C zone!'® 0.31
Metamorphic rutile deposits™®” 0.89-8.99
Igneous rutile deposits?®” 3.90
Sedimentary rutile deposits>” 0.83
Weathered rutile depositst®” 11.99
Sea water"! 0.00065
Wafangzi ferromanganese deposit!'” 0.02
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Table 3 Interelement correlation between Ti and other major elements for whole crust C5

Wh"lcescr“s‘ Ti Al Mn Fe Mn/Fe Co p Ni Cu Ba
Ti 1

Al 0.288 1

Mn 0.667 -0.137 1

Fe 0.830" 0.525 0.510 1

Mn/Fe  —0310  —0.590 0.373 -0.594 1

Co 0.808" 0.444 0.721Y 08447  —0211 1

P -0.845Y  -0361  —0.838" —0.8722  0.135  —0.935? 1

Ni 0.634 0.108 0.763" 0.328 0.362 0.722"  —0.659 1

Cu -0.147  —0.740"  0.203 -0.560  0.737"  -0.403 0.262 0.079 1

Ba -0.687 —0.805"  -0258 -0.846? 0628  —0.812")  0.703 -0.429  0.779" 1

1) Correlation is significant at 0.05 level (2-tailed); 2) Correlation is significant at 0.01 level (2-tailed).
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Table 4 Interelement correlation between Ti and other major elements in nonphosphatized layers of crust C5

Crust C5 Ti Al Mn Fe Mn/Fe Co P Ni Cu Ba
Ti 1
Al —0.889 1
Mn 0.866  —0.999" 1
Fe —0.526 0.857 —0.881 1
Mn/Fe 0.772 -0.977 0.986 —0.947 1
Co —0.453 —0.006 0.053 —0.520 0.217
P —0.981 0.961 —0.947 0.682 —0.881
Ni 0.555 —0.874 0.896  —0.999"  0.957
Cu 0.996 —0.924 0.905 —0.596 0.823 1
Ba 0.996 —0.927 0.909 —0.603 0.828 1.000”
1) Correlation is significant at 0.05 level (2-tailed); 2) Correlation is significant at 0.01 level (2-tailed).
®5  WHREIAH RS ETTR MR R
Table 5 Interelement correlation between Ti and other major elements for phosphatized layers of crust C5
Crust C5 Ti Al Mn Fe Mn/Fe Cu
Ti 1
Al 0.515 1
Mn 0.003 —0.668 1
Fe 0.504 —0.133 —0.041 1
Mn/Fe —-0.290 —0.464 0.816 —0.609 1
Co 0.157 —0.602 0.884" 0.031 0.703
P -0.347 0549  -0911"  -0323  —0.538
Ni -0.243  -0.049 0.519 -0.842  0.890"
Cu 0.214 —0.233 0.705 -0.334 0.773 1
Ba -0.222 —0.803 0.861 —0.128 0.778 0.766

1) Correlation is significant at 0.05 level (2-tailed).
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