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Element geochemistry and genesis of cobalt-rich crust on the Line Seamount of the Central Pacific
LIU Jiaqi, LAN Xiaodong
School of Ocean Sciences, China University of Geosciences, Beijing 100083, China

Abstract: Cobalt rich crust is a kind of marine mineral resource with high economic value and significant development prospect. The external
morphology, internal structure and geochemical characteristics of the crust recorded the evolution of paleoceanographic environment. In this
paper, the genesis or forming process of the cobalt rich crusts on the Line Seamount of the Central Pacific Ocean is studied upon the basis of
microstructure and element geochemistry. The cobalt rich crust sample is composed of five layers from top to bottom. The top layer is relatively
dense, dark brown in color with smooth surface and little impurities. It has a cedar-like stromatolite structure, indicating a strong hydrodynamic
environment; The second layer has similar macroscopic characteristics with the first, characterized by columnar and carrot shaped stromatolite
structure, which indicates the strongest hydrodynamic deposition; The third and fourth layers are yellowish brown in color, with patchy
structures containing certain amount of sediment impurities suggesting weak hydrodynamics; The fifth is a phosphatic layer with bright black
asphalt luster, and rich in foraminifera fossils. Meanwhile, the fifth layer is rich in Sr, P, Ca and other elements, indicating obvious involvement
of marine organisms and the weakest hydrodynamics. The geochemical characteristics of Ce anomaly and high Co, high Mn and low Fe indicate
that the cobalt rich crust was formed in an oxidizing environment for a long time. The geochemical characteristics of Mn, Fe, Co and other
elements reveal that the marine hydrodynamic and oxidizability of the environment gradually increases starting from the fifth on bottom layer up
to the second layer, but decreases at the first or top layer. According to the distribution coefficients of the elements, positive anomaly of Ce,
positive anomaly of Ho, negative anomaly of Y and the triangle genesis diagram, it is inferred that the cobalt-rich crust of the Line Seamount is
formed in seawater environment under the influence of the Antarctic bottom current. Based on the geochronological data of the cobalt rich crusts,
the growth process of the cobalt rich crusts is recovered in the paper, and three phosphorylation events are recognized on the element profile.
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Fig.1 Location map of Line Seamount in the Central Pacific

a. Geographical location map of Line Seamount, b. schematic diagram of ocean current migration.
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Fig.2 Hand specimens of the Line Seamount and stratification of cobalt rich crusts
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Table 1  Electron probe element analysis of the Line Seamount o
W R J=0A Na,O FeO P,05 MgO MnO CaO CoO K,0 ZnO SO, CuO S8y
DI 1.05 0.07 30.95 0.27 — 51.67 — 0.03 0.09 1.19 — 89.07
D2 A% 1.15 0.04 31.14 0.34 — 47.36 — 0.03 0.04 1.21 — 85.11
D3 1.02 0.06 31.18 0.27 — 47.55 — 0.04 — 1.43 — 84.99
D4 v 1.41 24.81 1.05 2.31 20.79 2.09 0.45 0.79 0.09 0.38 0.04 54.21
D5 il 2.32 20.86 0.83 1.79 29.91 3.10 0.63 0.47 0.03 0.75 0.11 60.80
D6 1.26 20.53 0.85 2.11 31.47 3.59 0.84 0.90 — 0.50 0.12 62.17
D7 ! 2.74 11.44 0.48 2.56 39.09 3.32 1.06 0.78 0.04 0.51 0.19 62.21
D8 2.29 15.09 0.56 1.94 38.63 3.58 1.13 0.53 0.09 0.79 0.09 64.72
D9 : 2.95 12.87 0.59 2.27 36.20 3.41 1.30 0.61 0.11 0.59 0.09 60.99
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Fig.3 Micrographs and backscatter photographs of the crust from the Line Seamount

a&b. Cedar structure, first layer; c&d. carrot structure, second layer; e. speckle structure, third layer; f. speckle structure, fourth layer;

g. homogeneous structure, fifth layer; h-1 are the backscattering images of layer V - I , respectively. Foraminiferal biodeposition can

be seen in h foraminiferal biodeposition.

*2 RBBLAEHROIERETRAE
Table 2 Trace elements of layered cobalt rich crusts on the Line Seamount ngle

T g5 vid= Co Ni Cu Zn V Cr St Mo Ba A Pb Th U ThU Ni/Co
Ql I 10444 3038 392 497 612 7.77 1560 492 1012 932 1717 158 120 132 0.29
Q2 I 10311 3120 500 520 563 9.16 1626 449 1115 998 1545 88 119 074 0.24
Q3 i 9924 3561 618 502 536 886 1432 464 1198 999 1554 784 112 0.70 0.36

BAA
Q4 v 6673 3373 790 559 521 134 1558 366 1315 792 1333 978 102 0.96 0.51
Q5 \4 BEE 10425 6003 965 714 599 1.19 1662 624 1723 127.0 1349 251 119 021 0.58
FHE 9555 3819 653 583 566 8.08 1568 479 1273 998 1500 895 114 079 039
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Table 3 Analysis table of rare earth elements of cobalt rich crust samples from the Line Seamount

Bt

.o ) La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y
W5

LREE/
HREE (La/Sm)y (Gd/Yb)y Y/Ho 8Ce SEu 8Gd &Y

Q1 I

Q2 I 202 657 29.7 149 28.8 749 332 6 329 831 234 4.06 26.7 4.01 159 7.75 0.73 0.74
Q3 III 171 786 28.9 130 264 6.81 28.7 5.16 27.5 6.54 19.6 3.56 22 3.53 133 9.86 0.75 0.78
Q4 IV 213 761 39.3 182 35.7 8.99 39.1 6.85 36.2 8.52 25.5 3.95 24.7 3.96 190 8.33 0.84 0.94

Q5 V232 775 383 167 32.2 7.12 33.0 6.17 33.2 8.13 24.8 3.94 25.5 4.00 218 9.02 0.88 0.77

233 682 43.6 189 384 9.88 40.3 7.12 41.8 9.27 27.9 448 27.1 4.17 185 738 0.83 0.89

19.96 1.46 1.10 0.95 0.85

19.13 1.79 1.06 0.97 0.86

20.34 2.39 1.08 0.96 0.89

22.30 1.79 1.05 0.98 0.98

26.81 1.76 0.96 0.98 1.19

VE: BRI Nug/e, 8Ce=2*Cey/(LaytPry), 8Y=2*Yy\/(Dyy+Hoy), SEu. SGAMITHEITIZEZRML, NN T A brukfb 5 s, Jb3Em®

AR E SCRR[31].
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Fig.4 Relationship between partial element partition coefficients

and residence time of cobalt rich crusts on the Line Seamount
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Fig.6 Standardized rare earth partitioning model for North American shale layers of cobalt-rich crusts
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unphosphorylated tabular cobalt-rich crusts of the Magellan Seamount®” North American shale data from reference [31], seawater data from reference [32].
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