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Abstract
Tissintite is a shock-induced, Ca-rich mineral, isostructural to jadeite, observed in several meteorite
samples such as the martian shergottite Tissint. It may form within a “Goldilocks Zone,” indicating a
potential to provide strict constraints on peak pressure and temperature conditions experienced during
impact. Here we present the first laboratory synthesis of tissintite, which was synthesized using a large
volume multi-anvil apparatus at conditions ranging from 6–8.5 GPa and 1000–1350 °C. For these
experiments, we utilized a novel heating protocol in which we reached impact-relevant temperatures
within 1 s and in doing so approximated the temperature-time conditions in a post-shock melt. We have
established that heating for impact-relevant timescales is not sufficient to completely transform crystalline labradorite to tissintite at these pressures. Our findings suggest that tissintite forms from amorphous
plagioclase during decompression.
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Introduction
The study of high-pressure, high-temperature phases in
meteorite samples gives us insight into the impact processes
that shape the evolution of planetary surfaces. High-pressure,
high-temperature minerals observed within meteorites act as snap
shots of the P-T conditions experienced by the rocks during the
impact events that produced them (Chen et al. 1996; Chen and
El Goresy 2000; Ohtani et al. 2004; Xie et al. 2006; Sharp and
DeCarli 2006; Gillet et al. 2007; Fritz et al. 2017). However,
using these phases as index minerals to determine impact conditions depends upon the availability of experimentally derived P-T
stability field data, which do not exist for many newly discovered
minerals observed in meteorites, such as tissintite.
Tissintite is reported as a non-stoichiometric clinopyroxene
(Cpx), (Ca,Na,o)AlSi2O6, with a calcium-rich plagioclase or
labradorite (~An65) composition and a jadeite-type structure. It
was first observed in the Martian shergottite, Tissint (Ma et al.
2014), and has since proven to be prevalent in shocked samples,
including other shergottite meteorites (Herd et al. 2017), a
eucrite meteorite (Pang et al. 2016), and a possible terrestrial
occurrence in shock-generated melts from the Manicouagan
crater (Boonsue and Spray 2017). It occurs as sub-micrometersized crystalline aggregates within maskelynite grains that are
entrained in or adjacent to shock-generated melts with no other
coexisting crystalline phases detected by Raman spectroscopy
(Ma et al. 2015). Tissintite is proposed to contain approximately
25% vacancies at the M2 site, the highest concentration ever
reported for either natural or synthetic Cpx; however, a refined
crystal structure confirming these structural defects has not
* E-mail: melinda.rucks@stonybrook.edu
0003-004X/18/0009–1516$05.00/DOI: http://doi.org/10.2138/am-2018-6539

been determined (Ma et al. 2015). Tissintite has been suggested
to form within a so-called “Goldilocks Zone” where pressure,
temperature, time, and composition (P-T-t-X) are just right to
facilitate growth of the phase, thus suggesting its great potential
to provide strict constraints on the P-T path followed during an
impact event (Ma et al. 2015). Previous to this study, tissintite
had never before been synthesized and little was known about
the controls on its formation during an impact event.
There are several path-dependent variables that could influence the formation of tissintite during an impact event, including
pressure, temperature, and time, as well as a non-path-dependent
variable such as composition, and crystallinity of the precursor. Some of these have been estimated through observations
of natural occurrences by Walton et al. (2014) and Ma et al.
(2015). The first reported occurrence of tissintite (Ma et al. 2014)
was observed within maskelynite grains of calcic-plagioclase
composition while being absent in sodic-plagioclase grains. Tissintite was exclusively found in grains that abut or are entrained
in >500 μm shock-generated melt veins or pockets and only
within ~25 μm of the melt-grain interface. These observations
indicate the following requirements for tissintite formation: (1) a
calcium-rich plagioclase precursor and (2) temperatures >900 °C.
Additionally, tissintite does not occur with any accompanying
crystalline phases in any of the reported occurrences. This is
significant because it suggests these natural occurrences of
tissintite may be controlled by kinetic factors rather than pressure or temperature alone as has been suggested for other phase
transformations spatially associated with shock melt such as
olivine to ringwoodite (Xie et al. 2006).
Although the number of studies concerning the behavior of
intermediate plagioclase compositions at elevated P-T is limited,
we can use studies of the end-members albite and anorthite to make
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