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Reactions of strontium anorthite with H2O+CaCl2 fluids at 500 °C and high pressure:
Kinetic information from in situ synchrotron-radiation XRF analyses of the fluid
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Abstract
The assemblage strontium anorthite, quartz, and kyanite was reacted with H2O+CaCl2 solutions
at 500 °C and pressures between 460 and ∼1300 MPa using a hydrothermal diamond-anvil cell. Information on the kinetics was obtained in situ based on time-resolved synchrotron-radiation X-ray
fluorescence analyses of the Sr concentration in the fluid. The reaction products (anorthite or zoisite)
were studied using transmission electron microscopy to obtain information on the reaction mechanism and mineral-fluid partitioning of strontium. The time required for equilibration was primarily
controlled by the reaction mechanism, but not discernibly affected by pressure or chloride concentration. Nucleation and growth of zoisite at the expense of strontium anorthite was much faster than the
Sr-Ca exchange reaction of strontium anorthite to anorthite, and resulted in chemically homogeneous
crystals. The anorthite had developed a high nanoporosity during the reaction, which is indicative of
coupled dissolution-precipitation. A zoisite-fluid exchange coefficient
zoisite-fluid
K D(Sr-Ca)
=

XSrzoisite XSrfluid
/ fluid = 0.42
zoisite
XCa
XCa

was obtained for the Sr-Ca fractionation at 500 °C and ∼1300 MPa. At low bulk Sr/Ca, this value
is in very good agreement with literature data, which are based on zoisite syntheses from oxide and
hydroxide mixtures in chloridic fluids at 600 °C, 2 GPa and analyses after quench. This suggests
that the Ca-Sr ratios in fluid and zoisite were not affected by back reactions during quenching. The
constrained anorthite-fluid Sr partition coefficient for 500 °C, 460 MPa is, likewise, consistent with
literature data, but determination of mineral-fluid partition and exchange coefficients can be hampered
by quench phases in nanopores if coupled dissolution-precipitation acted as reaction mechanism.
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Introduction
The mobility of Sr in the Earth’s lithosphere is to a large extent
controlled by reactions of fluids (including aqueous solutions and
magmas) with mineral assemblages (e.g., Liebscher et al. 2009).
Important mineral hosts for Sr in crustal rocks include anorthite
(e.g., Deer et al. 2001) and zoisite (e.g., Frei et al. 2004), in which
Sr is normally the most abundant minor element. Experimental
information on the fractionation of Sr between zoisite and aqueous fluids is still limited, with a few data reported by Feineman et
al. (2007) and Liebscher et al. (2009). More is known about the
fractionation of Sr between anorthite and aqueous fluids, which
was studied by Lagache and Dujon (1987), Kotel’nikov et al.
(1989), and Liebscher et al. (2009). In conventional experimental
studies on fluid-mineral partitioning at the conditions of the
Earth’s interior, the samples are analyzed after quench, which
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can result in biased data particularly for the composition of the
aqueous fluid at high temperatures and pressures (e.g., Manning
and Boettcher 1994). This uncertainty can be reduced by application of the extraction-quench technique (Walther and Orville
1983) or similar methods based on separation of the fluid from
the minerals before quench, but such techniques are limited to
relatively low pressures (a few 100 MPa) because of the required
larger sample volumes. Moreover, it is laborious to obtain kinetic
data if this requires a time series of many experiments at the same
P-T-X condition. The concentrations of heavy elements in a fluid
and their dependence on time, however, can be obtained in situ at
high pressure and temperature in a single experiment using timeresolved synchrotron-radiation X-ray fluorescence (SR-XRF)
analyses through the windows of a hydrothermal diamond-anvil
cell (HDAC) (Schmidt and Rickers 2003; Schmidt et al. 2006).
Therefore, this technique was applied here to study the kinetics
of the reaction of strontium anorthite, SrAl2Si2O8, with H2O +
CaCl2 solutions at 500 °C and pressures between 460 and ∼1300
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