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INTRODUCTION

Apatite [Ca5(PO4)3(F,Cl,OH)] is an ubiquitous accessory
phase in a wide range of igneous, metamorphic, and sedimen-
tary rocks. Because of its capacity to incorporate significant
concentrations of geochemically important minor and trace el-
ements, apatite is among the most important minerals in con-
trolling rare-earth element (REE) variations in igneous rocks
(Watson and Green 1981; Harrison and Watson 1984; Hoskin
et al. 2000). Apatite is very common in carbonatites (cf.,
Hogarth 1989; Seifert et al. 2000; Bühn et al. 2001), in some
cases so abundant that certain carbonatites are important P ores
(cf., Eriksson 1989; Zaitsev and Bell 1995). Despite its petro-
genetic importance, however, there is surprisingly little experi-
mental data as to how trace elements partition between apatite
and silicate melts (e.g., Watson and Green 1981; Green 1994).
Moreover, there are no published experimental partition coef-
ficients between apatite and carbonatite melt.

 Apatite has frequently been reported from metasomatized
mantle xenoliths in a number of locations world-wide and, there-
fore, is potentially an important reservoir of halogens, REE,
and P in the Earth’s mantle (Frey and Green 1974; Yaxley et al.
1991; Haggerty et al. 1994; Ionov et al. 1993, 1994, 1997;
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ABSTRACT

To establish more fully a basis for quantifying the role of apatite in trace-element fractionation
processes, hitherto unknown mineral/melt partition coefficients (Dapatite/melt) for a variety of trace
elements (Li, Be, B, K, Cs, Rb, Ba, Th, U, Nb, Ta, La, Ce, Sr, Pr, Hf, Zr, Sm, Gd, Y, Lu, and Pb)
have been measured between fluorapatite [Ca5(PO4)3F], chlorapatite [Ca5(PO4)3Cl], and hydroxyla-
patite [Ca5(PO4)3OH] and carbonatite melt.

Apatites were equilibrated experimentally with carbonatite melts at 1 GPa and 1250 ∞C, and run
products were analyzed for trace elements by secondary ion mass spectrometry (SIMS) and by
laser ablation inductively coupled plasma-mass spectrometry (LA-ICP-MS). Calculated partition
coefficients indicate incompatibility of most analyzed elements. Rare-earth element (REE) parti-
tion coefficients show a convex-upward pattern, indicating that apatite prefers the middle (Sm, Gd)
relative to the lighter (La, Ce, Pr) and heavier REE (Lu).

Comparison of partition coefficients determined in this study with previous results in silicate
systems reveals a strong influence of melt chemistry on partition coefficients, namely decreasing
partition coefficients with decreasing silica-content, and increasing Ca and P in melts.

Matsumoto et al. 1997; Yaxley et al. 1998; Yaxley and
Kemenetsky 1999; Coltorti et al. 1999; O’Reilly and Griffin
2000). If precipitated from a carbonatite melt in the Earth’s
mantle (e.g., Green and Wallace 1988; Yaxley et al. 1991), apa-
tite may play an important role in mantle metasomatism on a
global scale (Green and Wallace 1988; Yaxley et al. 1991; Baker
and Wyllie 1992; Klemme et al. 1995; Yaxley et al. 1998). Fur-
thermore, apatite is likely to be the host for P during recycling
of sediments in subduction zones, as subducted sediments con-
tain significant amounts of P (e.g., Sorensen and Grossman
1993, Plank and Langmuir 1998). Sediment melting during
subduction (Plank and Langmuir 1993; Nichols et al. 1994;
Elliott et al. 1997; Rosenbaum et al. 1997) is a viable mecha-
nism for refertilizing the Earth’s mantle in terms of P. How-
ever, there is very little information as to what the fate of
subducted P-bearing and carbonate-rich sediments is, but early
experimental studies (Biggar 1966; see also Boettcher et al.
1980) seemed to suggest that primary melts derived from these
sediments are broadly “carbonatitic” in nature. Under these
circumstances, apatite may, as a residual accessory phase, play
a key role in controlling the trace-element budget of melts
formed from subducted sediments.

Watson and Green (1981) reported a significant influ-
ence of bulk composition on measured mineral/melt trace
element partition coefficients between apatite and a variety
of silicate melts (Dapatite/melt). Their data indicated strongly
decreasing Dapatite/melt with decreasing silica activity of the
melt. One of the aims of the present study was to test trends
observed by Watson and Green (1981) and investigate trace-
element partitioning between apatite and carbonatite melt,
i.e., with a melt with very low silica activity. Furthermore, a




