
American Mineralogist, Volume 111, pages 158-166, 2026

High-pressure phase transitions in dalyite, a Zr-silicate
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ABSTRACT

Dalyite, ideally K2ZrSi6O15, space group P1̄, is a rare potassium zirconium silicate in agpaitic
alkaline rocks, i.e., rocks with (Na�K)/Al≥ 1.2 in which complex zirconosilicate minerals can form.
The structural evolution and compressibility of dalyite have been studied by in situ single-crystal
synchrotron X-ray diffraction up to 20.52(5) GPa. In the pressure (P) range investigated, we observed:
(1) a second-order (distortive) phase transition, from dalyite to dalyite-II (P1̄), between 9.90(5)
and 10.68(5) GPa, and (2) a first-order phase transition, from dalyite-II to dalyite-III (P1̄),
between 11.06(5) and 12.03(5) GPa. Fitting the P–unit-cell volume (V) data with a second-order
Birch-Murnaghan equation of state (EoS) yielded a value of KV0 = 51.4(4) GPa for dalyite
[V0 = 332.5(2) Å3] and KV0 = 39(1) GPa for dalyite-III [V0 = 670(4) Å3]; due to the narrow stability
field of dalyite-II (∼1.3 GPa), its elastic parameters could not be determined. The structure accommo-
dates the deformation induced by pressure by increasing anisotropy, from dalyite having a strain ellip-
soid axial value of ε1:ε2:ε3 ∼ 1.69:1.28:1 [calculated between 0.22(5) and 9.90(5) GPa] to dalyite-III
with ε1:ε2:ε3 ∼ 6.4:2.0:1 [calculated between 12.03(5) and 20.52(5) GPa]. Both phase transitions have
been found to be fully reversible, and the high-pressure polymorph structures have been solved. From
dalyite to dalyite-II and dalyite-III, the unit-cell is doubled, and the coordination of K polyhedra
increases from eight- to ninefold. Interestingly, before the first phase transition, the SiO4 tetrahedra
have a significant role in accommodating the bulk compression and show different bulk moduli
[47(4), 74(14), and 108(20) GPa], but after the transition the compressibility is accommodated mainly
by deforming the ZrO6 octahedra, the β-wollastonite chains and the 4- and 6-membered tetrahedra
rings. The deformation of the SiO4 tetrahedra and Zr polyhedra constitutes an unusual behavior, rarely
observed in previous high-pressure studies.

Keywords: Dalyite, X-ray single-crystal diffraction, crystal structure, high-pressure, phase-
transition, Zr-phases, accessory minerals

INTRODUCTION

Dalyite, space group P1̄ (a = 7.37 Å, b = 7.73 Å, c = 6.91 Å,
α = 106.2°, β = 111.5°, γ = 100.0°), is a rare potassium
zirconium silicate, first discovered in pyroclastic sequences
and later found in a limited variety of rocks, such as peralkaline
granites and syenites, late-stage pegmatites, charoitites, lam-
proites, lamprophyres, fenites, and carbonatites (Jeffery et al.
2016 and references within). Dalyite, ideally K2ZrSi6O15, is
known to provide useful insights into the geochemical compo-
sition of magmatic systems and is an indicator of K2O-rich sys-
tems (Contini et al. 1993). The chemical composition, physical
properties, unit-cell parameters, and diffraction data of dalyite
were first provided by Van Tassel and Hey (1952). Limited
degrees of K↔Na,Ba and Zr↔Hf,Ti substitutions are possible
in the crystal lattice of dalyite. A high degree of Na substitutions
is generally more significant in peralkaline granites and syenites
than in highly potassic rock types, where instead, dalyite can be
enriched in Ti. At ambient pressure, the crystal structure of

dalyite (shown in Fig. 1), described in detail by Fleet (1965), con-
sists of corrugated sheets of SiO4 tetrahedra organized in distorted
β-wollastonite chains, almost parallel to the (010) crystallographic
plane. Such chains are connected one to the other by the O1 and
O2 oxygen atoms hinges forming 4-, 6-, and 8-membered rings
(mRs), whereas the sheets are linked through Zr-octahedra and
irregular K/Na polyhedra, which form complex pillars running
along the [001] crystallographic direction. Fleet (1965) reports that
the Si-O and Zr-O distances, at ambient conditions, are relatively
constant [<Si-O>∼ 1.62(2)Å;<Zr-O>∼ 2.06(3) Å], whereas the
K/Na-O distances tend to vary considerably, leading to the hypoth-
esis that K and Na may actually occupy two different sites, about
0.25 Å apart, with approximately equal probability. The dalyite
sample used in this study is a subhedral crystal found as an acces-
sory phase in peralkaline syenite rocks from Agua de Pau volcano
(Sao Miguel, Azores Islands). These syenites are weakly peralka-
line, with a paragenesis dominated by feldspar and minor amphi-
bole, clinopyroxene, Fe-Ti oxides, and quartz (Ridolfi et al. 2003;
Nazzareni et al. 2019).

Accessory minerals like apatite, titanite, eudyalite, aenigma-
nite, chevkinite-(Ce), pyrochlore, Fe-katophorite, chiappinoite-
Y, steacyite, Nb-Zr-bearing astrophillyte, monazite, zircon, and
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