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Geochemical characteristics and genesis of the ferromanganese nodules in the middle western margin of the Parece
Vela Basin

HUANG Wei'?, HU Banggqi'?, XU Lei', SONG Weiyu', DING Xue', GUO Jianwei', Cui Ruyong', YU Yiyong'

1. Qingdao Institute of Marine Geology, China Geological Survey, Qingdao 266071, China

2. Laboratory for Marine Mineral Resources, Pilot National Laboratory for Marine Science and Technology(Qingdao), Qingdao 266237, China

Abstract: Deep-sea ferromanganese nodules have been widely recognized as important records of the geological events and the climatic and
environmental changes of deep oceans. They are also commonly regarded as potential resources in near future for their richness in a variety of
valuable metals. In this paper, 12 stations of ferromanganese nodule are newly discovered from the middle of western margin of the Parece Vela
Basin and samples collected and analyzed for their geochemical characteristics. These ferromanganese nodules are low in Mn, Ni, Cu and Mo
(8.20%~25.24%, 0.11%~ 0.54%, 0.08%~ 0.31% and 0.01%~ 0.03%, respectively), high in Ti, REY (0.45%~ 1.88% and 0.04%~ 0.19%,
respectively)and moderate in Co (0.06%~0.27%) when compared to the high potential areas of the global oceans such as CCZ, CIOB, PB and
CI. The Ni, Cu and Mo are strongly enriched in manganese oxides, but the Ti and REY are mainly absorbed from ocean water by the iron
oxyhydroxides, and the REY*" with a monovalent element of similar size are easily replaced through coupled substitution by Ca** from the Ca
phosphates in the iron oxyhydroxides. The Ce and Y show pronounced positive and negative anomalies in the REYgy patterns, respectively. The
Ce’" oxidation and Ce** fixation occur easily on the surface of the ferromanganese nodules. Once the Ce* in the ferromanganese nodules is

oxidized to Ce*, it is usually less mobile and will participate less in exchange reactions with the surrounding seawater. With time, this oxidative
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scavenging of Ce results in the preferential accumulation of redox-sensitive Ce relative to the non-redox-sensitive REY, but part of the Y is

desorbed easily from the ferromanganese nodule surface, which produces positive Ce anomalies and negative Y anomalies. The research area is

relatively young, and the growth of the ferromanganese nodules is not sufficient. Moreover, the surrounding terrain of the Parece Vela Basin is

relatively high and there are less gateways connecting with the outside, which prevents the large-scale entry of the cold, dense and dissolved

oxygen-rich bottom water such as Antarctic bottom water. The ferromanganese nodules of the region is dominated by hydrogenetic

precipitation. However, the supply of the diagenetic precipitation components is too low, which will reduce the contents of valuable metals in

the research aera. Therefore, it is low in resource potential.

Key words: ferromanganese nodules; Parece Vela Basin; genesis; enrichment patterns
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Fig.1 Locations of the ferromanganese nodules in the Parece Vela Basin and adjacent oceans

The distribution information of the ferromanganese nodules previously discovered is from the references [5-15].
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Fig.2 Shale normalized rare earth elements and yttrium contents
of the ferromanganese nodules from the research aera
To facilitate the display in the diagram, the REY contents of the seawater
are expanded by 10° times; PAAS data is from the reference [28]. The REY
data of the seawater is from the reference [40], the sampling area with the
water depth of 5 660 m is in the western Pacific Ocean close the study area,
which is similar to the distribution depth of the samples in this paper. Y data
of the seawater is from the reference [41], and the sampling area is in the
east Caroline Basin of the southwest Pacific Ocean,

with the water depth of 5 149 m.
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Fig.3 Discriminating between different genetic types of the ferromanganese nodules from the research aera based on

rare earth elements and yttrium

Discrimination plots are modified from the references [34,42].
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Table 1 Pearson correlation coefficient matrix for major and valuable metal elements contained in the studied ferromanganese nodules

Al Ca Fe K Mg Mn Na Si Ti P Co Cu Mo

Ca 0.01

Fe —0.12 0.91

K 0.57 —0.42 —0.54
Mg —-0.24 -0.77 —0.61 0.22
Mn —-0.78 0.17 0.30 —0.50 0.33

Na 0.27 —0.32 —0.38 0.69 0.52 —0.01

Si 0.60 —0.59 —0.71 0.67 0.05 —0.85 0.13

Ti -0.10 0.85 0.88 —0.56 —0.60 0.23 —0.25 —0.68

P -0.29 0.85 0.91 —0.64 —0.48 0.43 —0.29 —0.83 0.92

Co -0.51 —-0.17 —0.09 —0.38 0.19 0.19 0.00 —-0.25 0.25 0.25

Cu -0.61 —0.49 —0.35 —0.21 0.79 0.67 0.21 -0.33 —0.38 —0.14 0.32
Mo —0.55 0.23 0.27 —0.58 0.26 0.89 —0.06 —0.80 0.27 0.41 0.12 0.60

Ni -0.53 -0.28 -0.17 —0.48 0.62 0.58 0.01 -0.44 —0.06 0.12 0.53 0.84 0.66
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Table 2 Pearson correlation coefficient matrix for REY and major elements contained in the studied ferromanganese nodules

Al Ca Fe K Mn Na P Si Ti
La —-0.15 0.92 0.93 —0.63 —0.66 0.29 -0.36 0.95 -0.73 0.97
Ce —-0.14 0.89 0.92 -0.58 —0.68 0.22 —-0.35 0.93 —-0.67 0.98
Pr —-0.13 0.92 0.93 —-0.63 —0.68 0.25 —-0.39 0.95 —-0.70 0.96
Nd -0.12 0.92 0.94 -0.62 —-0.67 0.27 -0.37 0.95 -0.71 0.96
Sm —0.08 0.94 0.95 —0.60 —0.68 0.25 -0.38 0.95 —-0.70 0.94
Eu -0.12 0.92 0.94 -0.62 —-0.63 0.28 -0.34 0.96 -0.73 0.96
Gd —-0.10 0.94 0.96 —0.60 —-0.67 0.28 -0.36 0.95 -0.72 0.95
Tb -0.09 0.94 0.95 —0.60 —-0.65 0.29 -0.36 0.95 -0.72 0.94
Dy -0.09 0.93 0.93 —-0.61 -0.62 0.31 -0.33 0.95 -0.74 0.94
Y 0.00 0.94 0.91 —-0.55 —0.66 0.26 -0.32 091 —-0.69 0.90
Ho -0.07 0.94 0.94 -0.58 —-0.63 0.32 -0.32 0.93 -0.74 0.92
Er -0.09 0.94 0.93 —-0.59 -0.62 0.34 -0.32 0.93 -0.75 0.92
Tm —-0.11 0.93 0.92 —-0.61 -0.58 0.36 —-0.30 0.95 -0.77 0.93
Yb -0.09 0.93 0.92 —0.60 —-0.59 0.36 —-0.30 0.94 —-0.76 0.92
Lu —-0.11 0.92 091 -0.62 -0.57 0.36 —-0.30 0.94 -0.77 0.93
XREY —0.13 0.92 0.94 —0.60 —0.68 0.25 —0.35 0.95 -0.70 0.98
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Fig.4 Mean contents of the valuable metals in the ferromanganese nodules from the research aera and the

high potential areas of the global ocean

The contents of the valuable metals in the ferromanganese nodules from the CCZ, CIOB, PB and CI are from the reference [2].
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