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Melting curve minimum of barium carbonate BaCO3 near 5 GPa
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Abstract
The melting point of barium carbonate (BaCO3) was determined at pressures up to 11 GPa using
the ionic conductivity and platinum (Pt) sphere methods in a multi-anvil press. The melting point
decreases with pressure from 2149 ± 50 K at 3 GPa to a fitted local minimum of 1849 K at 5.5 GPa,
and then it rises with pressure to 2453 ± 50 K at 11 GPa. The fitted melting curve of BaCO3 based on
the ionic conductivity measurements is consistent with the Pt sphere measurements that were carried
out independently at selected pressures. The negative slope of the BaCO3 melting curve between 3 and
5.5 GPa indicates that the liquid is denser than the solid within this pressure range. Synchrotron X‑ray
diffraction (XRD) measurements in a laser-heated diamond-anvil cell (LH-DAC) showed that BaCO3
transformed from the aragonite structure (Pmcn) to the post-aragonite structure (Pmmn) at 6.3 GPa
and 1026 K as well as 8 GPa and 1100 K and the post-aragonite structure remained metastable upon
quenching and only reverted back to the witherite structure upon pressure release. The local minimum
near 5 GPa is attributed to the triple point where the melting curve of BaCO3 meets a phase transition
to the denser post-aragonite structure (Pmmn). Local minima in the melting curves of alkaline earth
carbonates would lead to incipient melting of carbonated rocks in Earth’s mantle.
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Introduction
Alkaline earth carbonates, primarily CaCO3 and MgCO3, play
important roles in transporting carbon into the deep mantle through
subducting slabs (e.g., Dasgupta 2013). A recent study suggests a
local minimum in the melting curve of CaCO3 near 13 GPa, likely
resulting from a phase transition that intersects the melting curve,
but the inferred negative melting slope is not clearly resolved (Li
et al. 2017). Another alkaline earth carbonate, BaCO3, is shown to
undergo similar pressure-induced aragonite to post-aragonite phase
transition as CaCO3 but at lower pressures (Shatskiy et al. 2015).
Investigating the melting behavior of BaCO3 will allow for testing
the occurrence of solid-liquid density crossover in compressed
alkaline earth carbonates. Furthermore, systematic comparison
of the structure and stability of alkaline earth carbonates is useful
for constructing thermodynamic models to predict the melting
behavior of complex mantle rocks in a petrologically relevant
pressure-temperature-composition space (Hurt and Wolf 2018).
The melting behavior of BaCO3 at 1 bar is currently unresolved. The reported melting point ranges from 1084 K in the
Material Safety Data Sheets (MSDS) provided by Alfa Aesar
(ThermoFisher Scientific 2010), 1653 K in the National Standard
Reference Data System (Stern and Weise 1969) to 1828 K in the
CRC Handbook of Chemistry and Physics (Rumble 2018). Some
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studies suggest that BaCO3 decomposes in the solid state to BaO
and CO2 (Arvanitidis et al. 1996). Data on the melting behavior
of BaCO3 at higher pressures are not available. In this study, the
melting curve of BaCO3, as well as the phase boundary between
the aragonite and post-aragonite phases of BaCO3, were investigated experimentally at upper mantle conditions. The results were
applied to examine the influence of solid-solid transitions on the
shape of the melting curve and explore the implications for the
melting behavior of carbonated rocks in Earth’s mantle.

Methods
Fine powder of high-purity BaCO3 (Alfa Aesar 10645, 99.997%) was used as
the starting material. Prior to experiments, the sample was kept in a vacuum oven
at 400 K to remove moisture.

Multi-anvil experiments
Ionic conductivity experiments were performed at pressures between
3 and 11 GPa using a 1000-ton Walker-type multi-anvil press at the University of
Michigan. Toshiba-Tungaloy F-grade tungsten carbide cubes with 5 mm truncation
edge length (TEL) and the COMPRESS 10/5 assembly (Leinenweber et al. 2012)
were used to generate high pressures and high temperatures. Closed high-pressure
cell assemblies were dried in a vacuum oven at 400 K for 8–24 h before loading
into the multi-anvil press. The uncertainty in pressure measurement is estimated to
be ±7%. This includes the precision of pressure calibration of ±5% estimated on
the basis of duplicate experiments, and systematic errors of ±5% arising from the
effect of temperature on pressure calibration and pressure drift during heating and
cooling (Li and Li 2015). A standard type-C thermocouple (TC) was used to monitor
temperature. The uncertainty in the measured temperature is estimated to be ±50 K.
This includes the precision in the thermocouple calibration and the position of the
TC junction relative to the sample (Li and Li 2015) but ignores the effect of pressure
on the electromotive force (emf) of the TC. Limited data suggest that the type-C
TC underestimates temperature and that systematic error generally increases with
pressure and temperature, rising to tens of degrees at 10 GPa and above 2000 K (Li
et al. 2003). As a result, the measured melting points of BaCO3 at >10 GPa may be

