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Phosphorus is the main element in fertilizers for food production as well as an important ingredient for

water and metals treatment, in detergent and toothpaste production, and in the battery and lamp

manufacturing. It is obtained from mining of phosphate rocks, mostly of minerals belonging to the apatite

group (Pufahl and Groat, 2017). Although the most import minerals in the apatite group are calcium

phosphates with the simplified formula (PO4)3 X, where X=F, Cl, OH, there is a very large range of

substitutions for Ca (Ca2+, Pb2+, Ba2+, Sr2+, Mn2+, Na+, REE3+, Bi3+) and P (CO3
2-, SiO4

4-, S04
4-, VO-, AsO-),

derived from charge compensation of the different atoms (Pasero et al., 2010). There is no consensus for

the location of the CO3
2- and OH- groups in the apatite structural formula, as the direct analysis of such

anionic groups is difficult. CO3
2- is usually admitted, substituting for the phosphate anion (called type B

substitution), but it has also been detected in the X position, called type A apatite (Comodi and Liu,

2000). Apatite composition and the complex substitutional scheme affect the mineral’s properties much

more than the obvious phosphate grade attainable in a concentrate: its solubility, reactivity and its effect

on apatite geochronology (Hughes and Rakovan, 2015), its surface chemistry (Chairat et al., 2007) and

therefore floatability (Barros et al., 2008) (Horta et al., 2016). 

 

 

 

While LA-ICP-MS has been used to detect and measure trace level REE’s and transition metals in apatite

minerals, the precise determination of phosphorus and halogen elements in apatite and other minerals

has proven difficult by traditional methods of scanning electron microscopy (SEM-EDS) and laser ablation

ICP-MS (LA-ICP-MS). In this study, we present Tandem LA –LIBS analysis that combines both Laser

Induced Breakdown Spectroscopy (LIBS) and LA-ICP-MS for detection and measurement of P, F, Ca, Na,

Cl in apatite minerals as well as REE’s and transition metals. The Tandem LA –LIBS technique is an

emerging in-situ analytical technique in geoscience to fully characterize the chemistry of halogen and

hydrous minerals. 
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