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Elemental distribution pattern and forming mechanism of the two types of phosphates in ferromanganese crust in
Western Pacific Ocean and their implications

LIU Jiahui, QU Yang, LI Weiqgiang, WEI Guangyi, SUN Qianyuan, LING Hongfei, CHEN Tianyu
State Key Laboratory for Mineral Deposit Research, School of Earth Science and Engineering, Nanjing University, Nanjing 210023, China

Abstract: Most of the Pacific ferromanganese crusts have experienced phosphatization before Miocene, presumably by impregnation of
phosphorus-rich component into the old crust section during the period of high productivity, that is called the product of phosphatization events.
Most of the previous studies on phosphatization were based on point/line analysis of element contents or isotopes, while few studies have been
devoted to the growth structure and 2-dimentional element distribution. In this study, a hydrogenetic ferromanganese crust (MDDS53) sampled
from the western Pacific Ocean was analyzed by electron probe X-ray microanalysis (EPMA) and micro—X-ray fluorescence scanning (uXRF),
generating high resolution quantitative data on element concentrations and 2-dimensional element maps, respectively. The results of EPMA and
PXRF reveal that the middle to lower part of the crust was phosphatized. The pXRF map shows that there are two types of phosphates. The first
type shows sporadic enrichment of Ca and P in the top part of the crust, accompanied by strong post-depositional alterations, such as broken
structure, Fe loss, and relatively Mn enrichment. The EPMA data further shows that trace element enrichment of Co and Ni as well as depletion
of Pb in the phosphatized area. This observation reflects different affinity of these elements with Fe and Mn oxides, which is consistent with the
hypothetic phosphatization mechanism of organic matter degradation at the crust-seawater interface and the resulting alteration of the preformed
crust. The second type of phosphate is characterized by an unreported structure of continuous Ca and P enriched laminae located at the bottom of

the crust. The lack of post-depositional alteration of the growth structure suggests that this type of phosphate is of syn-depositional or early
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diagenetic in origin, which is distinctly different from post-diagenetic alteration. The syn-depositional phosphate may indicate an early stage

coprecipitation of phosphate and ferromanganese oxide colloids in a relatively shallow water depth, making it a reliable paleoceanographic

indicator for high temporal resolution studies of the Late Cretaceous-Early Cenozoic period.

Key words: ferromanganese crust; EPMA; uXRF; phosphate
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Fig.1 Location of ferromanganese crusts MDD53 in the Western Pacific and the schematically major currents in this area”

LCDW: Lower Circumpolar Deep Water.
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Fig.2 Micro—X-ray fluorescence images of the top to bottom section of MDD53

Light colors represent relatively high content and dark colors represent relatively low content. The bottom of figure are enlarged the parts of

Si, P, Ca Micro-X-ray fluorescence images, the white box in the figure corresponds to the zoom in position.
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Fig.3 Element composition of MDDS53 analyzed by electron probe
*1 MDD33 &£MOBEFRITEDMRINE
Table 1 The average elemental composition of different parts of MDDS53 analyzed by electron probe %
HURERL E /mm Co Sr Pb Fe Mn Ni Si Al P Ca
Ti# (0~63) 0.69 0.08 0.13 17.2 42.7 0.65 3.37 0.82 0.45 3.79
JEH (63~119) 0.27 0.08 0.21 20.8 324 0.26 3.37 1.03 4.18 10.8
T C0~7) 0.45 0.11 0.16 26.5 29.0 0.28 7.83 1.41 0.79 2.99
WiEe2 (7~63) 0.71 0.08 0.13 16.0 443 0.69 2.83 0.75 0.41 3.89
JRE1 (63~93) 0.30 0.08 0.22 20.6 34.0 0.29 3.39 1.00 3.40 9.27
JEI2 (93~119) 0.23 0.08 0.19 20.1 30.4 0.22 333 1.06 5.22 12.8
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