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Apatite is an important accessory phase in many magmatic and metamorphic rocks and because 
apatite can incorporate a large number of geologically relevant trace elements (e.g., rare earth 
element (REE), Th, U, Sr) it can control the trace element budget in many rocks. To understand 
trace element fractionation in these rocks one needs to understand how elements partition between 
apatite, melts and fluids [1].  

Whilst there is a significant body of information of trace element partitioning between minerals and 
silicate melts [2], there are scant data available for fluid-bearing systems. This is certainly due to 
the fact that fluids, in contrast to silicate melts, cannot be quenched to glass. Some recent papers 
have chosen to address this problem using so-called diamond trap experiments intending to 
physically separate the fluid from minerals in high pressure experiments, followed by in-situ 
analysis using Laser ablation ICP-MS [3-5]. However, precise measurements of fluid trace element 
concentrations using the diamond-trap method are difficult, as large thermal gradients cause crystal 
growth in colder parts of the capsule which leads to overestimation of partition coefficients. 
Furthermore, fluid composition is known to change drastically during the quench so that 
meaningful analysis of the fluid in this type of experiment is difficult if not impossible. Here we 
aim to investigate apatite solubility and the behavior of Sr and Y (as representatives for the REE) 
during dissolution of apatite in super-critical fluids using in-situ analysis in hydrothermal diamond-
anvil cells. In recent years, synchrotron-based X-ray fluorescence methods have been successfully 
employed at DESY, and in fact at other synchrotron radiation sources world-wide [6-8]. 

Starting materials consisted of synthetic trace element bearing chlor-apatites which were grown 
from chloride melt fluxes [9]. The starting material apatites contained 1000 ppm Y and Sr, 
respectively. The apatites were loaded into the hydrothermal diamond anvil cell, together with a 
number of different liquids, the latter of which ranged in composition from pure H2O to NaCl-rich 
brines. After pressurization, the samples were heated to temperatures of up to 800°C and the 
composition of the fluid was monitored using SR-XRF techniques at beamline L (µ-XRF) at 
HASYLAB.  

During the experiments, we could clearly observe that the trace element concentration in the fluid 
increased during the initial dissolution of the apatite crystal, which usually happened during the first 
few minutes of the experiment. However, as the chlorapatite is also, at the same time, replaced with 
an hydroxyapatite, incompatible trace elements are also continually released during this process. 
After several hours the signal from the fluid reached a steady state which implies that equilibrium 
has been attained. Trace element analysis of the recovered remaining apatite will enable us to 
calculate trace element partitioning for Sr and Y between apatite and super-critical fluids.  
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