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aBStraCt

Apatite is an excellent tracer of petrogenetic processes as it can incorporate a large range of 
elements that are sensitive to melt evolution (LREE-MREE, Sr, Pb, Mn, halogens, Nd isotopes). Recent 
advances in the understanding of trace element concentrations and isotope ratios in apatite provide a 
novel tool to investigate magmatic petrogenesis and sediment provenance. Recent experimental work 
has better characterized trace element partition coefficients for apatite, which are sensitive to changes 
in magma composition (e.g., SiO2 and the aluminum saturation index value). The chemistry of apatites 
from granitoids has been suggested to reflect the composition of the host magma and yield informa-
tion about petrogenetic processes that are invisible at the whole-rock scale (mixing, in situ crystal 
fractionation, metasomatism). Nd isotopes in apatite can now be analyzed by LA-MC-ICP-MS to constrain 
mantle and crustal contributions to the source(s) of the studied magma. These recent advances highlight 
exciting new horizons to understand igneous processes using accessory minerals. In this contribution, 
we use a compilation of recent data to show that apatite in the matrix and as inclusions within zircon 
and titanite is useful for providing insights into the nature and petrogenesis of the parental magma. 
Trace element modeling from in situ analyses of apatite and titanite can reliably estimate the original 
magma composition, using appropriate partition coefficients and careful imaging. This provides a 
new way to look at magmatic petrogenesis that have been overprinted by metamorphic processes. It 
also provides the rationale for new investigations of sedimentary provenance using detrital accessory 
minerals, and could provide a powerful new window into early Earth processes if applied to Archean 
or Hadean samples.
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introduCtion

Interest in apatite has recently increased as this mineral seems 
to be an excellent recorder of Earth and planetary processes (e.g., 
Bruand et al. 2014; Harlov et al. 2015; McCubbin and Jones 
2015; Webster and Piccoli 2015; Tartèse et al. 2014; Zirner et al. 
2015). Development of in situ techniques such as laser ablation 
(LA)-ICP-MS and the ion microprobe allows analysis of trace 
elements in different zones within accessory minerals such as 
apatite that may record different parts of the crystallization his-
tory. Apatite has been shown to record petrogenetic processes 
during crystallization (in situ crystal fractionation, mixing, meta-
somatism) and is a mineral able to highlight events that are not 
always visible using whole rock compositions (Bruand et al. 
2014). Apatite is also a datable mineral (by U-Pb) and recent 
advances in that field have also been successful (e.g., Chew and 
Donelick 2012). Developing petrological tools based on apatite 
chemistry is of broad interest as it is a common mineral in most 
igneous rock types (e.g., felsic, mafic, ultramafic; see Piccoli and 
Candela 2002 for review), constitutes one of the main carriers of 
P2O5 and REE (alongside zircon, titanite, allanite, and monazite), 

contains various elements sensitive to oxidation state (Mn, V, S) 
(e.g., Miles et al. 2014; Parat et al. 2011) and can accommodate 
halogens in its structure (F and Cl).

In this contribution we compile recent findings showing that 
apatite is a valuable mineral for tracking igneous petrogenesis 
and is also of great potential use for provenance studies (Foster 
and Carter 2007; Morton and Yaxley 2007). The first part of this 
paper is dedicated to the use of apatite as a petrogenetic tool 
within granitoids and its ability to record different processes that 
are not necessarily visible using whole-rock compositions. The 
second part looks at using apatite inclusions armored within ro-
bust minerals (e.g., zircon, titanite) to provide a new provenance 
tool via characterization of the original host rock.

apatitE: a pEtrogEnEtiC rECordEr

Imaging
Apatite is commonly zoned as a result of its crystallization, 

dissolution and/or reprecipitation history. Such zoning can be 
easily identified by imaging using backscattered (BSE) and/or 
cathodoluminescence (CL) techniques (Fig. 1) and interpretation 
of this zoning combined with detailed petrographic study of the 
surrounding mineral phases can give additional information on 
the timing and nature of apatite crystallization (e.g., Bruand et al. 
2014; Zirner et al. 2015). In Figure 1a, imaging of apatite crystals 
within a granitoid from high Ba-Sr granites (northern Scotland) 
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