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aBstraCt

Several geothermobarometric tools have focused on clinopyroxene due to its prevalence in igne-
ous rocks, however clinopyroxene produced in high-silica igneous systems is high in iron and low in 
aluminum, causing existing geothermometers that depend on aluminum exchange to fail or yield over-
estimated temperatures. Here we present a new clinopyroxene-liquid geothermometer recommended 
for use in natural igneous systems with bulk SiO2 ≥ 70 wt%, which contain clinopyroxene with Mg# ≤ 
65 and Al2O3 ≤ 7 wt%. 
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The new geothermometer lowers calculated temperatures by ~85 °C on average relative to Putirka (2008, 
Eq. 33) and reduces the uncertainty by a factor of two (standard error of estimate ±20 °C). When applied 
to natural systems, we find this new clinopyroxene-liquid geothermometer reconciles many inconsisten-
cies between experimental phase equilibria and preexisting geothermometry results for silicic volcanism, 
including those from the Bishop Tuff and Yellowstone caldera-forming and post-caldera rhyolites. We 
also demonstrate that clinopyroxene is not restricted to near-liquidus temperatures in rhyolitic systems; 
clinopyroxene can be stable over a broad temperature range, often down to the solidus. An Excel spread-
sheet and Python notebook for calculating temperature with this new geothermometer may be downloaded 
from GitHub at http://bit.ly/cpxrhyotherm.
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introduCtion

Investigations of igneous systems often begin with an assess-
ment of the temperature during eruption, crystallization, and/or 
magma storage, and geothermometers are generally calibrated to 
work with a broad range of rock types and mineral compositions. 
At least 40 clinopyroxene geothermometers have been developed, 
and many improve on past geothermometers or build on a previ-
ously published activity model. Two-pyroxene geothermometers 
are the most common type (e.g., Lindsley and Andersen 1983; An-
derson et al. 1993; Sack and Ghiorso 1994; Putirka 2008; Liang et 
al. 2013) and take advantage of the temperature-dependent solvus 
of the pyroxene system. But these geothermometers necessitate 
the presence of equilibrium pairs of clinopyroxene and orthopy-
roxene in the host rock and are almost exclusively calibrated for 
diopside (Di; CaMgSi2O6), the low-Fe end-member of calcic 
clinopyroxene. Another type of geothermometer, clinopyroxene-
liquid (e.g., Putirka 2008; Masotta et al. 2013), does not require 
co-crystallizing orthopyroxene and relies on the equilibria of Di, 
hedenbergite (Hd; CaFeSi2O6), and jadeite (Jd; NaAlSi2O6), the 
high-Al end-member of sodic clinopyroxene. However, geother-
mometers dependent on this equilibria are likely to be inaccurate 
if there is very little Al in the clinopyroxene and thus very little 

to no Jd component (which is calculated based on the estimated 
AlIV rather than Na when AlIV is low—see Supplemental1 Table 
S1). This caveat becomes significant when studying high-silica 
systems in which clinopyroxene is typically high in Fe (up to 30 
wt% oxide) and low in Al (<2 wt% oxide; Fig. 1).

Unfortunately, the high-Fe, low-Al clinopyroxene from high-
silica systems are not well represented in experimental data used 
to calibrate existing geothermometers, as the majority of experi-
mental studies tend to explore Mg-rich augite to diopside, and 
in mafic rather than silicic systems. In silica-saturated systems, 
the major phases are Al-bearing plagioclase and alkali feldspar, 
and clinopyroxene have relatively low CaO; consequently, these 
clinopyroxene crystallize with almost all tetrahedral sites filled 
with Si rather than Al (Salviulo et al. 2000). A result of the histori-
cal sampling bias is that in Al2O3-Mg# space, there is no overlap 
between the clinopyroxene found in many natural high-silica 
magmatic systems and the clinopyroxene used to calibrate two 
of the most commonly used clinopyroxene geothermometers, 
the Putirka (2008) clinopyroxene-liquid geothermometer and 
the MELTS two-pyroxene geothermometer (Sack and Ghiorso 
1994) (Fig. 1). For many high-Fe, low-Al clinopyroxene, the most 
popular clinopyroxene-liquid geothermometer (Putirka 2008, Eq. 
33) does not successfully calculate a temperature. When it does, 
it returns systematically high temperatures, up to 170 °C greater 
than the conditions of high-Fe, low-Al clinopyroxene-saturated 
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