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Introduction: Upon meteorite bombardment zir-
con (ZrSiO,) starts showing shock microstructures at
or above 20 GPa [1]. These microstructures survive
subsequent metamorphism without being obliterated,
thus they can provide diagnostic criteria to identify
impact structures [2]. During shocks zircon may also
transform into the high-pressure scheelite-type poly-
morph reidite [3]. Therefore, studying the stability
relationships between zircon and its high-pressure pol-
ymorph reidite may be crucial to constrain the impact
conditions of an impact structure. However, the exper-
imental data on the high-pressure phase relations are
rather unclear. Shock wave studies found this trans-
formation to occur at high pressures (30-50 GPa) [4],
[5] and at microsecond time scales supporting a mar-
tensitic  transformation mechanism for impact-
produced reidite [6]. However topological differences
and thermodynamics, supported by DFT calculations
[7], suggest that the phase transition is reconstructive.
Nonetheless, the equilibrium transition pressure, inves-
tigated with static loading experiments, is not well
constrained, with reidite occurrences at much lower
pressure and ranging from 8 up to 23 GPa [8], [9].

Methods: To resolve the ambiguities in the exper-
imental data we have performed HF/DFT calculations
of zircon and reidite to determine their structures, elas-
tic behavior, phonon frequencies and the energy curves
as a function of pressure (up to 25 GPa and 17 GPa
respectively) at 0 K. We also provide calculated Ra-
man spectra which will aid in the identification of the
polymorphs of zircon, in comparisons with experi-
mental evidences [10].

Results: DFT calculations revealed that the soften-
ing of a silent (By,) mode of zircon leads to a phase
transition to a "high-pressure-low-symmetry" (HPLS)
ZrSi0, polymorph with space group and cell parame-
ters a=6.4512 A ¢=5.9121A V = 246.05A3 (at 20
GPa). The primary coordination of SiO, and ZrOg
groups in the structure of zircon is maintained in the
high-pressure phase, and the new phase deviates from
that of zircon by the rotation of SiO, tetrahedra and
small distortions of the ZrOg dodecahedra. The new
polymorph is stable with respect to zircon at 20 GPa
and remains a dynamically-stable structure up to at
least 30 GPa. On pressure release the new phase re-
verts back to the zircon structure, and therefore cannot

be quenched in experiments. In contrast, the transfor-
mation from zircon to reidite is reconstructive in nature
and results in a first-order transition with a volume and
density change of about 9%. The calculated energies
from the DFT simulations yield an equilibrium transi-
tion pressure of 9.13(1) GPa at 0 K. Simulations of the
Raman spectra of the three polymorphs at 20 GPa
show how they can be distinguished. In particular, the
peak due to the lowest-energy A; mode with a calcu-
lated wavenumber of 94 cm™ is diagnostic of the
HPLS phase because it does not overlap with any of
the peaks of zircon or reidite (Figure 1).
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Figure 1: Calculated Raman spectra of the three polymorphs: the spec-
tra are simulated for a polycrystalline powder without any polarization.

Conclusions: We have discovered that above 20
GPa zircon undergoes a displacive phase transition to a
new polymorph. The discovery of this hew polymorph
resolves the apparent discrepancies between experi-
mental studies reported in the literature, and allows us
to clarify the phase relations of ZrSiO,. We also report
calculated Raman spectra for all three polymorphs and
provide specific guidelines for distinguishing the three
polymorphs in experimental Raman spectra. New Ra-
man scattering experiments confirm the occurrence of
a soft-mode-driven zircon-to-HPLS phase transition at
~21 GPa [10].
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