The Global Phosphorus Cycle

» Largest reservoir: Sediments/Rocks
— Largest biotic reservoir: soils

o Largest flux: Biotic recycling !

— Runoff to oceans
— Sedimentation  geological cycling

— Anthropogenic: Mining (for fertilizer use)

* Biogeochemical processes

— weathering (physical and biological)
— assimilation  organic phosphorus

— bio-assisted precipitation/deposition
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for three
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Table T Major reservoirs active in the global phosphorus cycle and associated residence times.

Reservoir # Reservoir description Reservoir size Reference Residence time
(mole P X 10'%) 7 (y1)

R1 Sediments (crustal rocks and soil >60 cm deep and marine 0.27x10%-13x% 108 b,a=c=d 42-201 % 10
sediments)

R2 Land (=total soil <60 cm deep: organic + inorganic) 3,100-6,450 b,a=c=d 425-2.311

R3 Land biota 83.9-96.8 b,a=c=d 13-48

R4 Surface ocean, 0-300 m (total dissolved P) 87.4 a=¢ 2.46-4.39

RS Deep sea, 300-3300 m (total dissolved P) 2,810 a=cé&d 1,502

R6 Oceanic biota 1.61-4.45 b&d a=cé&d 0.044-0.217 (16=78 d)

R7 Minable P 323645 a=c,b&d 718-1,654

R3 Atmospheric P 0.0009 b=c=d 0.009 (80 h)

(1) Ranges are reported for those reservoirs for which a consensus on a single best estimated reservoir size does not exist. Maximum and minimum estimates found in a survey of the literature are reported. References cited
before the comma refer to the first (lowest) estimate, those after the comma refer to the second (higher) estimate. References that give identical values are designated by an equality sign, references giving similar values are
indicated by an ampersand. As indicated by the wide ranges reported for some reservoirs, all calculations of reservoir size have associated with them a large degree of uncertainty. Methods of calculation, underlying assumptions,
and sources of error are given in the references cited.

(2) Residence times are calculated by dividing the concentration of phosphorus contained in a given reservoir by the sum of fluxes out of the reservoir. Where ranges are reported for reservoir size and flux, maximum and
minimum residence time values are given; these ranges reflect the uncertaintics inherent in reservoir size and flux estimates. Fluxes used to calculate residence times for each reservoir are as follows: R1 (Fy2), R2

(Fa3 + Fag + Faaay + Faay), R3 (Faz), R4 (Fas + Fus), RS (Fsa), RS (Fea + Fgs), R7 (Frz), R8 (Fyz + Feg). Flux estimates are given in Table 2. The residence time of RS is decreased to 1,492 yr by inclusion of the scavenged
flux of deep-sea phosphate at hydrothermal MOR systems, mostly onto ferric oxide and oxyhydroxide phases (Wheat ef al. (1996).

(3) Estimates for the partitioning of the cceanic reservoir between dissolved inorganic phosphorus and particulate phosphorus are given in references b and d as follows: (2,581-2,600) X 10'? mol dissolved inorganic
phosphorus (b, d) and (20-21) X 10" mol particulate phosphorus (d, b).

(4) The residence times estimated for the minable phosphorus reservoir reflect estimates of current mining rates; if mining activity increases or diminishes the residence time will change accordingly.

* Lerman et al. (1975) ° Richey (1983) © Jahnke (1992) “ Mackenzie et al. (1993).
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Phosphate speciation in seawater

MgH,PO; 0.1%
NaH,PO, 0.1%
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28.7%

Figure 14 Calculated speciation of inorganic phos-
phate in seawater at 20°C, 34.8 ppt salinity, and pH 8
(after Atlas et al., 1976).
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Forms of organic P

Phosphate-Esters (R-C-O-PO,)
— mostly as P bound to sugars
Nucleotides

— Adenosine-Triphosphate, ATP

— Nicotineamide Adenine Dinucleotide Phosphate, NADP
— RNA and DNA

Vitamins

— Thiamine pyrophosphate (B,)
— B,-P and B,

Others

— phosphonates (C-P bond) and phospholipids
— fulvic and humic acids



Authigenic CFA (phosphorites) for mation in ocean sediments
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Distribution of disseminated CFA, recent and fossil phosphorites,
and their relationship to upwelling areas
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Figure7 Locations of disseminated (nonphosphorite) authigenic CFA occurrence, as identified using the SEDEX
method, as well as locations of fossil, recent, and undated phosphorites. Note that most phosphorites are located in
continental margin areas characterized by upwelling, a process whereby nutrient-rich deep waters are advected to
the surface causing high biological productivity and a resulting large flux of organic matter to underlying
sediments. Sites of disseminated CFA, in contrast, are not restricted to these classical phosphorite-forming
environments. Disseminated CFA data are from Cha, 2002 (East Sea between Korea and Japan); Delaney and
Anderson, 1997 (Ceara Rise); Filippelli, 2001 (Saanich Inlet): Filippelli and Delaney, 1996 (eastern and western

equatorial Pacific); Kim ef al., 1999 and Reimers et al., 1996 (California Borderland Basins); Louchouarn et al.,

1997 (Gulf of St. Lawrence); Lucotte et al., 1994 (Labrador Sea); Ruttenberg and Berner, 1993 (Long Island

Sound and Gulf of Mexico); Slomp et al., 1996a (North Atlantic continental platform; Van der Zee et al., 2002

(Iberian margin in the NE Atlantic). See text for more detailed discussion of selected studies. Figure is

modified after Kolodny (1981), by addition of disseminated CFA locales; see Kolodny (1981) for discussion of
phosphorite locales.



Y et unexplained large P-deposits through geologic time
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16  The abundance of phosphate in sedimentary rocks as a function of geologic age show episodicity of giant
phosphorite deposition (after Cook and McElhinny, 1979).
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