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INTRODUCTION

The transition from tetrahedral to octahedral coordination of 
Si cations by O anions is the dominant structural change accom-
panying the increase in pressure with depth in the Earth. It marks 
the transition from upper to lower mantle and implies major 
changes in density (Dziewonski and Anderson 1981), rheology 
(Stolper and Ahrens 1987; Williams and Jeanloz 1988; Karato 
et al. 1990), and chemistry (Kellogg et al. 1991; Tschauner et al. 
1999). Although the Earth s̓ mantle is dominated by mixed oxide 
silicates, the pure silica phases provide the basic model of this 
coordination change (e.g., Williams and Jeanloz 1988). Previous 
work on this transition has focussed on ambient temperatures. 
Low-pressure silica phases are initially compressed by tetra-
hedral tilt and collapse to dense, higher-coordinated structures 
by multiple reconstructive phase transitions into disordered 
sixfold coordinated phases based on corner-sharing octahedra 
(Tsuchida and Yagi 1990; Kingma et al. 1996; Haines et al. 
2001; Dubrovinsky et al. 2001). This behavior differs from that 
of several structural analogues of silica that can be compressed 
into closed packed structures continuously (Haines et al. 2003). 
Because of kinetic barriers for Si-O bond reconstruction, dif-
fusionless transitions are preferred. This type of mechanism 
appears to prevail to temperatures of 1200 K (Dubrovinsky et 
al. 2003). Here, we show that at the higher temperatures of the 
Earthʼs mantle, the transformation from four- to sixfold coordi-
nated Si is essentially different, characterized by an intermediate 
polymorph built from chains of irregular face-sharing polyhedra 
with an intrinsic disorder of the Si positions that allows for en-
ergetically more favorable bond angles by keeping an effective 
fourfold coordination of Si residing in these polyhedra. The silica 
polymorph reported here is the first such phase shown to occur 
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ABSTRACT

We present the discovery of a novel dense silica polymorph retrieved from shock-wave and dia-
mond-anvil cell experiments. This polymorph is the first observed silicate composed of face-sharing 
polyhedra and it has a density similar to stishovite. Sterical constraints on the bond angles induce 
an intrinsic disorder of Si positions, such that the Si-coordination is transitional between four- and 
sixfold. The structure provides a mechanism for this coordination change in silica and other silicates 
at high temperature that is fundamentally different from mechanisms at 300 K. The new polymorph 
also illustrates how the face-sharing polyhedra, naturally occurring along previously proposed com-
pression mechanisms for dense silicate melts, can be constructed without inferring unphysically small 
bond angles.

independent of structure and density of the starting material and 
the experimental technique. Transitional structures similar to the 
present one may dominate dense silicate melts, thus controlling 
their viscosity and buoyancy in the Earthʼs mantle. The present 
is the first detailed structural study of a hither to unknown silica 
polymorph synthesized in a shock experiment. Another remark-
able aspect of its structure is a close geometric relation with the 
α-PbO2 structure (scrutinyite-type), suggesting that a sequence 
of transitions via these two polymorphs enables transformation 
from IVSi to VISi, even under conditions where both the new 
polymorph and the α-PbO2 structure are metastable (Ohno et 
al. 2002), like in shocked meteorites where the peak pressures 
likely never exceeded 25 GPa. Our finding of a new intermediate 
structure therefore proposes a new explanation of the occurrence 
of post-stishovite phases in shocked meteorites (Sharp et al. 1999; 
El Goresy et al. 2000; Dera et al. 2002).

RESULTS

Shock-wave recovery experiments on quartz and coesite start-
ing materials achieved peak pressures of about 54 and 57 GPa. 
Shock recovery experiments were conducted on Z-cut, single-
crystal α-quartz and polycrystalline coesite. The coesite sample 
was synthesized from G-grade Corning silica glass in a graphite 
capsule with a Getting-type cubic anvil apparatus at Caltech. The 
sample was held at approximately 4.5 GPa and 1200 K for 2 hours 
before quenching and slow decompression. Density measured by 
toluene immersion on the actual sample used is consistent with 
pure coesite, and powder X-ray diffraction (XRD) examination of 
similar synthesis runs typically shows only coesite peaks. Doubly 
polished thin discs with parallel faces were created from quartz 
and coesite samples. Each disk was then encased in a stainless 
steel recovery chamber for planar shock loading. Tantalum flyer 
plates launched at 1.93 and 1.87 km/s imparted shocks into the 
sample chamber of quartz and coesite, respectively. As both 


