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Geochemical characteristics of polymetallic nodules and adjacent sediments in the western Pacific Ocean: effects of
sedimentary environments on nodules

LUO Shuaijie'?, REN Jiangbo'?, HE Gaowen'®, DENG XiGuang'*

1. Key Laboratory of Marine Mineral Resources, Ministry of Natural Resources, Guangzhou Marine Geological Survey, Guangzhou 510075, China

2. China University of Geosciences, Beijing 100083, China

3. Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou), Guangzhou 511458, China

Abstract: Polymetallic nodules and rare earth-rich sediments are developing simultaneously in the western Pacific Deep Sea Basin, but there are
few studies on the relationship between polymetallic nodules and their surface sediments. In this study, the geochemical analysis of polymetallic
nodules and surface sediments was used to reveal the enrichment and fractionation processes of critical metal elements in nodules-sediments and
to explore the influence of deposition processes and environment on the growth of polymetallic nodules. The polymetallic nodules in the study

area have relatively high Co and REY contents and low Mn/Fe ratios, indicating a typical hydrogenetic precipitation. The results of principal

iﬂvﬁhlﬁﬁ-Iﬁl%lflMt%:‘l“;ﬁ/*lﬁ)ﬁ‘ﬂﬁéA%ﬁ*“Eiﬂz“ﬁﬁé**ﬂ g 22 A DURR 7 OB 4 T o R R AL 5 0 R (U2244222) 5 T 5 g v R

FHETRISAELEE M) AAHG 3 E KL B m @ PR TR Y &S LH s e R R
(GML2019ZD0106) ; [ 5¢ H SR BF 5 5 4 78 K- w8 W - 0B i 4 Wi 2 2k 20 43 B FEW R 9 7 (42002085), “ i - 7E Bk iR 5 2 9K IR IX 19 42
KB 1275 57 (92162216) , PG A7 SRS 1L B TR A ¥V 22 ROBE AR B AR F R L 0™ 240 (91958202)
EZE AN DI (1998—), B, WL 4, 07 9% . B A% 7RS¥ %, E-mail: luoshuaijie7@163.com
BIRAEE ARVLYE(1985— ), 53, Wi, IE @& 2 TRR UM, 2522 5 M 3R fk 22 AR BT 7 5% , BE-mail: dourjb222@163.com

fif s 3C (1968— ), 35, 1L, IE i AR I, 32 DA 9 3 4 505 T A T 5T, E-mail: hegaowen@]163.com

Wokm B #A: 2022-12-24; 2eel H#R:2023-02-21. SRR G i



120 YRR M J5 5 56 D0 20 b TR 2023 4£ 6 A

component analysis and correlation analysis indicate the nodule formation process is a selective enrichment of Fe-Mn oxides for various metal
elements in seawater and pore water under the influence of hydrogenesis, diagenesis and input from terrestrial debris and bioclastic. The surface
sediments in the study area are mainly deep-sea clays, which are more enriched in Si, Al, Na, K, and other elements than the polymetallic
nodules, which are enriched in most metal elements. The enrichment of metallic elements such as Co, Ni, and Cu in the sediments is related to
the content of Fe-Mn micronodules, while REY is more closely related to the phosphate fraction. the Fe-Mn oxide fraction selectively adsorbs
metallic elements in seawater to form multi-element enrichment and significant positive Ce anomalies and negative Y anomalies, while the
phosphate fraction mainly inherits the rare earth characteristics of seawater, and their content determines the content and pattern of metallic
elements and rare earth elements in the sediments. The nodule and sediments have similar processes in the enrichment of critical elements, and
Fe-Mn oxide components are the carriers of elemental enrichment processes in both. The low biological productivity and low sedimentation rate
in the study area result in reduced sedimentation fluxes and slower sedimentation rates of the relevant elements in seawater, providing favorable
conditions for hydroformed nodule growth. Affected by the Antarctic Bottom Water, the bottom seawater in the study area is characterized by

oxygen enrichment, and under the effect of its strong bottom current scouring causes frequent deposition interruptions, which promotes the

formation of Fe-Mn oxides and the enrichment of critical metal.

Key words: polymetallic nodules; deep-sea Sediments; element enrichment features; sedimentary environment; northwestern Pacific
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Figure modified from the references[17].

Locations of polymetallic nodule sites in the northwestern Pacific
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Table 1 Sediment smear identification results
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Fig.3 Discriminating between different genetic types of the polymetallic nodules from the research aera

Figure modified from [33, 40], East Pacific Basin nodule data from [5].
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Figure modified from [35], data for nodules in the eastern Pacific basin from [5].
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