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1. Phosphorus Concentrations in 
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1.2 P Concentrations in Mineral Rock Phosphates 

 
Karen Baumann, Dana Zimmer, Rhena Schumann 

 

In nature, phosphorus (P) is almost exclusively found in apatite minerals 
(Ca5[(F,Cl,OH)(PO4)3]). Their total P concentrations vary between 2 to    

16 % depending on their history of origins (Gwosdz 2006 cited in Killiches 

2013, table 1.1). Apatites can be formed marine-sedimentary, magmatic 
or by guano deposition (Killiches 2013).  

 
The marine sedimentary rock “rock phosphate” is a mixture of apatite and 

organic compounds. It can be found as nodules, crusts and concretions in 
marine clay minerals (Richter 1992) and has higher P concentrations 

compared to magmatic rocks (Killiches 2013). This rock phosphate 
develops through biological processes (e.g. accumulation of P from animal 

excrements, bones) or chemical processes such as precipitation from sea 
water. P-rich marine sedimentary rock is lifted up to the earth's surface by 

geological processes (Filippelli 2011). Therefore, most of it can be mined 
in open pits.  

 
At the earth's surface phosphorite is build up, if phosphoric acid from 

seabird excrements is reacting with underlying limestone (Hintze 1933). 

This phosphorite is also called “guano” (Quechua: fertilizer). The fine-
grained material consists of different phosphates such as apatite, 

limestone and organic compounds and has total P concentrations of 10 to 
20 % (Filippelli et al. 2011). 

 

In magmatic rock (e.g. granite), apatite minerals consist of microliths, 

microscopic inclusions or crystals in the main components feldspar, quartz 

and mica and/or they are in in druses of granite, developed by 

precipitation from solution (Roth 1883). Apatite concentrations are less 

than 1 % (= accessory rock contents) (Fiedler 2001). 

 

Apatites can develop by biomineralisation (e.g. in soil, as dental plaque, in 

bones or coral skeleton). By this process apatite crystals precipitate well-

ordered in reaction compartments (Mann & Ozin 1996). P concentrations 

of some products can be found in the respective chapter. Hydroxyapatite 

can be synthesized chemically from CaCl2 und Na2HPO4 in NaOH (Tiselius 

et al. 1956). High-purity hydroxyapatite can be used for chromatographic 
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segregation material for biopolymers or for substation of bones  (Tiselius 

et al. 1956, Damien & Parsons 1991). 

 

In geology and mineralogy, P concentrations in mineral rock phosphates 

are determined by acid digestion (e.g. Aydin et al. 2009) or X-ray 

fluorescence analysis (e.g. Fabbi 1971). 

 
Table 1.2-1 TP concentrations (% = g P per 100 g dry matter mineral-1) in apatite 

minerals and rock phosphates 

Matrix  Concen-

tration 

(% P) 

Note Reference 

Apatite 

minerals 

general mineral 

formula: 

Ca5[(F,Cl,OH)(PO4)3 

2-16 depending 

on origin 

Killiches 

(2013) 

Phosphorite marine sediment 

rock 

10-20 typical: 

carbonate 

fluorine 

apatite 

Fillippelli et 

al. (2011) 

Guano (bird ex-

crements on 

limestone) 

carbonate 

fluorine 

apatite 

Schenker 

(2012), 

Hintze 

(1933) 

Magmatic 

rock 

in granite: often 

inclusion in other 

minerals 

< 1 typical: 

fluorine 

apatite 

Roth 

(1983), 

Fiedler 

(2001) 
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