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The mobility of most elements in the Earths’s lithosphere is to a large extent controlled by reactions 
of ascending fluids with mineral assemblages. While the database on mineral-fluid partitioning is 
steadily increasing, little information is available on the kinetics of mineral-fluid equilibration at the 
PT conditions of the Earth’s interior. One element of particular interest is strontium because Sr and 
its isotopes are considered to be suitable tracers to distinguish between the different reservoirs 
(continental crust, oceanic crust, mantle wedge) that are responsible for the formation of subduction 
related magmas.  

Here, we present experimental results on the kinetics of the reaction of Sr-anorthite (SrAl2Si2O8) 
with H2O+CaCl2 solutions at 500 °C and pressures between 460 and 1300 MPa (Fig. 1). The silica 
and the alumina activity in the fluid were buffered by addition of quartz and kyanite. Before 
heating, the CaCl2 concentration in the fluid was determined from cryometry. The Sr concentration 
in the fluid was then analyzed in-situ at high P and T as a function of time using modified 
hydrothermal diamond-anvil cells and time-resolved SR-XRF analyses [1,2]. The XRF spectra 
were acquired at beamline L at HASYLAB using a high bandwidth multilayer monochromator, 
excitation energies of 20.3 or 20.7±0.1 keV, and a single-bounce capillary to focus the beam to a 
spot in the fluid of about 11 microns in diameter [2].  

In the two experiments at the highest pressures (880 and 1300 MPa), the Sr-anorthite reacted very 
quickly (<3000 s) to zoisite ((Ca,Sr)2Al3Si3O12(OH)). The release of Sr into the fluid was much 
slower in runs in which no zoisite formed, and equilibration required ≥15000 s (Figs. 2 and 3a). The 
kinetics was found to be primarily controlled by the reaction mechanism (dissolution-
reprecipitation or nucleation and growth). No dependence of the equilibration time on the initial 
CaCl2 concentration or pressure was discernible, while grain size may have an effect (Fig. 3a). 

A subsequent TEM study showed that nucleation and growth of zoisite in the experiment at 1300 
MPa resulted in nearly homogeneous crystals with a Sr/Ca ratio of 0.0068. Division by the Sr/Ca 
ratio in the fluid from SR-XRF and cryometry yields an exchange coefficient KD of 0.41 for the Sr-
Ca fractionation between zoisite and fluid. This exchange coefficient is very close to literature data 
at lower pressure (KD=0.4 at 390 to 500 MPa) [3], which indicates a negligible effect of pressure on 
the Sr-Ca fractionation between zoisite and chloridic fluids. The zoisite-fluid Sr partition coefficent 
(DSr

Zo-F=cSr
Zo/cSr

F) of 1.37 from our 1300 MPa experiment, however, is orders of magnitude lower 
than data for zoisite-H2O at 2 GPa, 750-900 °C [4]. This discrepancy is probably mainly due to the 
different speciation of Sr in H2O and in chloridic fluids, but not an effect of P and T.  

In contrast to the zoisite sample, TEM on the reacted anorthite from the experiment at 460 MPa 
showed a very high porosity (pore diameter 10 to 20 nm), which is clear evidence for a dissolution-
reprecipitation reaction mechanism. The pores contained a Sr rich chloride quench phase. Relics of 
Sr-rich Ca-feldspar were observed, but most of the reacted anorthite had a Sr concentration below 
the detection limit of the TEM-EDX analyses. This agrees with the observation that Raman spectra 
of anorthite after experiment were indistinguishable from the spectrum of Ca-anorthite. The 
anorthite-fluid Sr partition coefficent could not be determined for this run, but a KD<2 can be 
inferred from the detection limit for Sr, which is consistent with literature data [3]. Moreover, 
similar KD values for the Sr-Ca fractionation between zoisite-fluid and anorthite-fluid have been 
reported [3], which is supported by the correlation of equilibrium Sr concentration in the fluid and 
fluid/Sr-anorthite mass ratio in our experiments (Fig. 3b). 



  

Figure 1 (left): PT conditions of the experiments and initial CaCl2 molality of the fluid. Dashed lines: phase 
equilibria in the system CaO-Al2O3-SiO2-H2O from [5]. An = anorthite, Ky = kyanite, Qz = quartz, Zo = 

zoisite, Lw = lawsonite. Arrow indicates that lowered H2O activity in chloridic fluids shifts anorthite 
stability towards higher pressure. Insets: sample chamber of the HDAC after XRF spectra recording (upper: 
1.58 m initial CaCl2, lower: 2.61 m initial CaCl2). Figure 2 (right): Sr concentration in fluid from in situ SR-

XRF as a function of equilibration time. 

 

Figure 3: a) elapsed time at 500 °C until a constant Sr concentration in the fluid was attained vs. volume of 
the Sr-anorthite crystal, b) equilibrium Sr concentration in the fluid vs. fluid/Sr-anorthite mass ratio. 
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