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Abstract
Any quantitative interpretation of the formation conditions of igneous
rocks requires methods for determining crystallization temperature. Accurate application of such thermobarometers relies on the attainment of
equilibrium in the system to be studied. This may be particularly difficult
in silicic magmas, where diffusivities are low and crystallization kinetics
sluggish. Moreover, progressive degassing of volatile-rich magmas during
ascent can result in continuous changes in effective undercooling, causing particular problems in achieving equilibrium between melt and crystals that grow in response to
decompression. We consider these problems in the context of plagioclase-melt equilibria for magmas
undergoing decompression and degassing-driven crystallization, using two published thermometers.
The two thermometers show similar trends with key parameters but absolute temperatures can vary
significantly. Analysis of decompression experiments conducted at constant temperature shows systematic variations in calculated temperature and equilibrium constant with varying decompression
rate and quench pressure. This indicates that an unrecognized lack of equilibration could result in
significant temperature overestimates and potentially spurious results. This highlights the need to
assess for equilibrium, and we discuss problems associated with some commonly used indicators of
equilibration. Finally, retrospective analysis of published plagioclase-hosted melt inclusion suites from
five subduction zone volcanoes shows systematic increases in calculated temperature and decreases
in equilibrium constant with decreasing H2O concentration. While this could represent the signature
of latent heat of crystallization, we suggest that such patterns should be treated with caution unless
there is clear evidence of sustained equilibrium between plagioclase and melt during decompression.
Keywords: Geothermometry, decompression crystallization, plagioclase, equilibrium, melt inclusions, degassing, Invited Centennial article

Introduction
Thermometry and thermobarometry underpin igneous petrology as a quantitative science. An ability to place quantitative
estimates of temperature and pressure on mineral ± melt assemblages observed in igneous rocks is fundamental to understanding the conditions of magma storage, fractionation, ascent, and
eruption, as well as melt generation processes, in any tectonic
setting. For example, clinopyroxene-melt thermobarometry was
used to demonstrate that individual eruptions in the Springerville
volcanic field, Arizona, U.S.A., were derived from different
source regions in a vertically extensive mush reservoir, with
magma ponding levels influenced by changes in crustal rheology or density (Putirka and Condit 2003). Cashman and Blundy
(2013) used knowledge of plagioclase-melt equilibria to reconstruct the pressure-temperature histories of individual, complexly
zoned plagioclase phenocrysts from Mount St. Helens, U.S.A.
Hornblende thermobarometry also appears to define vertically
extensive crystallization conditions for magmas from Redoubt
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volcano (Alaska) and El Reventador (Ecuador), among others
(Ridolfi et al. 2010).
Although application of thermobarometry is now routine, it
still has the potential to prompt new interpretations about the
ways that magmas evolve and migrate. For example, Blundy
et al. (2006) used the plagioclase-liquid thermometer of Putirka (2005) to determine entrapment temperatures for suites of
plagioclase-hosted melt inclusions. The results showed strong
increases in calculated temperature with decreasing melt H2O
contents, interpreted as the result of latent heat release during
exothermic, decompression-driven crystallization of volatilesaturated silicic magmas. This is significant because such release
of latent heat could produce commonly observed petrographic
features, such as reversely zoned phenocryst rims, that might
otherwise be ascribed to late-stage mingling with hotter magma
(Blundy et al. 2006). With the increasing availability of relatively
large mineral and/or melt data sets from electron microprobe
and other analytical techniques, thermometers are now routinely
applied to whole data sets instead of carefully chosen individual
analyses. This has the potential to uncover subtle details that are
only apparent at the population level, but also brings a risk of

