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A review on genesis of authigenic carbonate fluorapatite in marine sediments

YE Zijing, ZHOU Huaiyang, GAO Hang
State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

Abstract: Authigenic carbon fluorapatite (CFA) is a crucial phosphorus sink in marine sediments and is the primary phosphorus-bearing mineral
in submarine phosphorites. Understanding the genesis of CFA is of great scientific significance for understanding the changes in marine
productivity, phosphorus cycling, and global climate and environmental effects throughout geological history. We overviewed the material
sources, formation environment, and precipitation mechanisms of CFA in marine sediments. The enrichment of phosphorus in porewater
involves the microbial decomposition of organic matter, the adsorption and release of phosphate by ferric oxyhydroxides, and the storage and
utilization of polyphosphates by large sulfide bacteria. Fluctuations in redox conditions exert a significant influence on these processes. The
formation of calcium phosphate (CaP) precursor phase is an important pathway for CFA precipitation. Moreover, the interface coupled
dissolution and precipitation (ICDP) mechanism of CaP on calcium carbonate surfaces reveals the alteration genesis of CFA from a microscopic
perspective. Based on these findings, future research directions for investigating the genesis of authigenic CFA in marine sediments are also
proposed.
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Fig.1 Transformations between P pools in water column and sediments

[9.14]

Phosphorus is lost from surface waters in mainly the forms of particulate organic P (POP), labile particulate inorganic P (labile PIP), and authigenic PIP. During
the sedimentation, PIP and POP may undergo regeneration into DIP, and labile PIP can be transformed into authigenic PIP. In seafloor sediments, a fraction of
POP can undergo regeneration, leading to the release of DIP into the seawater. Additionally, unstable forms of particulate phosphorus have the potential to be
transformed into authigenic carbon fluorapatite (CFA) through the process known as “sink switching” (see the text for more details).

DIP: dissolved inorganic phosphorus; DOP: dissolved organic phosphorus.
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Fig.2 Schematic diagram of “sink switch” in marine sediments

At the sediment-water interface, FeOOH can absorb HPO,> and F~ from seawater. Upon the decomposition of organic matter, HPO,* and CO;*" are released
into the pore water. The reductive dissolution of FeOOH releases Fe**, HPO,*", and F~, leading to an increase in their concentrations within pore waters and the
subsequent precipitation of authigenic carbon fluorapatite (CFA). The reduction of FeOOH results in the production of Fe** ions, which can either precipitate as
FeS in the anoxic zone or be re-oxidized back into FeOOH in the oxidized zone. HPO,* released from the decomposition of organic matter diffuses up toward

the sediment-water interface, where it is reabsorbed by FeOOH.
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a-b: Under oxic conditions, phosphate is taken by Beggiatoa and accumulated as polyphosphate. c-d: When the conditions change to anoxia and exposure to

sulfide increases, Beggiatoa decomposes polyphosphate and release phosphate. This leads to an increase in phosphate in the medium.
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Fig.5 Images of authigenic carbon fluorapatite (CFA) replacement of calcite in foraminifera tests !

The left panels represent the scanning electron microscopy (SEM) images and the right panels are Energy Dispersive Spectroscopy (EDS) point analyses. The

calcium carbonate shell wall of foraminifera (dark gray) shows features of replacement by CFA: CFA is present in the matrix as cryptocrystalline cement (CFA

cement, white), with partial remnants of the calcium carbonate shell wall (dark gray); on the foraminiferal shell CFA is sequentially arranged along the pores

parallel to the atrial wall, forming a linear vein (CFA lining, light gray). CFA crystals (CFA crystals, white-light gray) in the cavity of foraminifera.
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Fig.6 Different formation mechanisms and environments of authigenic carbon fluorapatite (CFA) "

The §"C values of structural CO;* of CFA can be used to distinguish the precipitation mechanism of CFA. The §*'Sp,g value of structural SO,* reflects the

environment of CFA formation in the sediment. Alternative CFA can be formed under sulfate reduction conditions, as well as in open seawater or at sulfate

reduction-oxidation interfaces (see 2.4.1).
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