
放射光X線回折を用いた石英の衝撃誘起ガラス化解析

Structural change of quartz with shock-induced amorphization by

synchrotron powder X-ray diffraction method.
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High-density silica glass is often observed in meteorites and terrestrial rocks that have experienced a

heavy shock impact event in parent bodies and on terrestrial impact craters. The shock-induced silica

glasses exist as lamellar microstructures in the crystalline quartz grains[AM1] (i.e., PDFs: planar

deformation feature) in meteorites and impactites. Thus, the mineralogical properties of PDFs are used as

an indicator for the shock pressure estimation [e.g., 1]. However, shock induced amorphization process

that forms PDFs still remains question. In this study, we investigated the structural change of quartz into

high-density silica glass with an increase of experimentally shock-induced pressure by synchrotron

powder X-ray diffraction (XRD) measurement. 

 

Reverberation shock experiments were performed for single crystals of terrestrial (Minas Gerais, Brazil)

and synthetic quartz using a one stage propellant gun at National Institute for Material Science (NIMS).

Powder XRD patterns of silicon as a standard, starting materials of quartz, and the shock-recovered

samples were conducted at KEK Photon Factory (PF; beam line: PF BL-4B2). Powder XRD measurement is

analyzed in the range of 8 to 150 degree with steps of 0.005 to 0.2 degree, where the X-ray irradiation

time set at 2 to 5 seconds per steps. 

 

X-ray diffraction patterns of the starting materials and the shock-recovered samples of quartz crystals

demonstrates that the diffraction peaks become broader as the shock pressures increase. The FHWM of

main diffraction peaks (e.g., lattice plane [010], [110], etc..) increases with shock pressure. Above 35 GPa,

no diffraction pattern of quartz was identified from the shock-recovered samples, suggesting the complete

transition of quartz to amorphous glass. Also, several crystal planes exhibit peak shifts with the pressure

increase. Lattice parameter of quartz changes at pressure range of 5 ~ 35 GPa. For both a-axis and c-axis,

the lattice parameter becomes higher as the increase of pressure. These results imply that the lattice

expansion of quartz occurs depending on a formation of high-density silica glass at this pressure range.

Additionally, the micro-strain increases and the crystallite size decreases with pressure increase,

suggesting that the shock-induced amorphization was initiated by the lattice distortion and the structural

defects induced by shock compression. Also, the response of XRD signals with shock pressure would be

potentially available for a shock barometer for meteorites and impactites. 
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