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The effect of H2O on the crystallization of orthopyroxene in a high-Mg andesitic melt
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ABSTRACT

Near-liquidus crystallization experiments were performed on a high-Mg andesite from the Izu-Bonin-
Mariana forearc to study the effect of H2O on the orthopyroxene crystallization temperature. Experiments
were conducted at 200 and 500 MPa in an internally heated pressure vessel at temperatures ranging from
1260 to 1075 °C. Orthopyroxene was the liquidus phase at both investigated pressures. H2O contents in
quenched glasses were quantified via Raman spectroscopy. The liquidus depression for orthopyroxene at
200MPa can be described by the following equation:ΔTdry liq = 26.02�±1.84� · CH2O

0.933�±0.050�, where
ΔTdry liq is the difference between the anhydrous liquidus temperature (in °C) and the liquidus at a specific
melt water concentrationCH2O (in wt%). The liquidus depression curve at 500MPa can be described by a
linear equation: ΔTdry liq = 25.72�±0.20� · CH2O. The experimental data set demonstrates that the
orthopyroxene liquidus depression shows no significant pressure dependence with respect to absolute
melt H2O concentrations. Thermodynamic and petrological models predict a more pronounced nonlinear
behavior and generally overestimate the role of H2O on orthopyroxene liquidus depression at H2O
contents below 5 wt% while partly underestimating it at higher H2O contents. Comparing our data
set with experimental results taken from literature obtained for a high-Mg basaltic andesite and different
boninites confirms the validity of our orthopyroxene liquidus parameterization for a wider range of melt
compositions. A comparison with previous experimental data obtained for olivine and plagioclase shows
that the effect ofH2O on the depression of the liquidus temperature of orthopyroxene is slightly lower than
for olivine while the plagioclase liquidus temperature is depressed more significantly in the presence of
H2O. Our experimental data can be used for predicting liquidus temperatures for hydrous melts in which
orthopyroxene appears as the liquidus phase. Moreover, the empirical parameterization can be incorpo-
rated in petrological models to improve modeling of crystallization paths of hydrous magmas.
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INTRODUCTION

Naturalmagmas show awide range ofwater contents.Whereas
arc magmas are usually H2O-rich (several wt%) (e.g., Plank et al.
2013), MORB magmas are relatively dry and show H2O
concentrations in the range of thousands of ppm (e.g., Sobolev
and Chaussidon 1996). Water influences the chemical and
physical properties of silicate melts and has a strong effect on
the crystallization temperature (depression of the liquidus) and
crystallization sequence of minerals (e.g., Hamilton et al. 1964).
Therefore, the amount of water dissolved in a magma distinctively
controls its petrological evolution and differentiation trend (i.e.,
liquid line of descent).

Previous studies demonstrated that the H2O-induced depres-
sion of the liquidus temperature of silicate phases shows a nonlin-
ear behavior (Falloon and Danyushevsky 2000; Danyushevsky
2001; Almeev et al. 2007, 2012; Médard and Grove 2008;
Filiberto et al. 2016; Ueki et al. 2020). As observed for various
melt properties, the effect of water is strongest for small amounts
of H2O and decreases with increasing H2O content. This

nonlinear effect, which is due to different incorporation mechan-
isms of water within the melt structure (Stolper 1982), is difficult
to predict and several studies revealed discrepancies between
experimentally determined and thermodynamically modeled
liquidus temperatures in hydrous systems (e.g., Almeev et al.
2007;Médard andGrove 2008).Whereas thewater-induced liqui-
dus depression has already been studied for minerals like olivine
and plagioclase in basaltic melts (e.g., Almeev et al. 2007, 2012),
the effect of H2O on the crystallization of orthopyroxene has not
been investigated yet. Orthopyroxene is among themost abundant
minerals in mafic to intermediate magmatic rocks, and besides
olivine, clinopyroxene, and plagioclase, is usually among the first
silicate phases to crystallize. In particular, information on the crys-
tallization behavior of orthopyroxene in the presence of dissolved
water can be used to predict the formation temperatures of
hydrous boninitic or calc-alkaline magmas where orthopyroxene
may occur on the liquidus along with olivine and/or clinopyrox-
ene. Furthermore, a well-calibrated curve predicting the effect of
water on the liquidus depression of orthopyroxene can be imple-
mented into petrological models to improve the prediction of
equilibrium phase assemblages of hydrous magmas.

Therefore, we conducted near-liquidus crystallization
experiments on a high-Mg andesite (HMA) with orthopyroxene
being the first mineral to crystallize (i.e., the liquidus phase).
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